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PART  I. 
OFFICERS  OF  THE  COEPS  OF  ENGINEEE8. 
Btatds,  chuigei,  mod  dlstribntiou  of  offlcera  of  corpa,  3. 

THE  BOARD  OF  ENGINEERS B 

-BAT- 

OmcKK  iif  COMMAND,  Maj.  John  O.  D.  Khioht,  Corps  of  Enotnbbrs— 
{ioeer  School,  5;  Batta 
uew  appioprifttioiu,  1; 

FORTIFICATIONS. 

PROJRCTS,  tempoiary  derenaM,  gnn  and  mortar  batteries,  S;  appropriations,  gnna 
and  carriages  provide*],  H;  fortreu  comniuader,  dy iiuuiite  batMrii-s,  oulistiui-Li  i>[ 
elpctriciaiiH,  II;  HiibniurioeniineH,  12;  preservatiuD  ami  rejiairof  foriilicatiuiiH,  se^ 
walls  and  eiubiinkmi'uts,  Hites,  13;  tempiirur;  occupation  ol'  Und,  oatiooal  defKUse 
(atlotnient*).  defiiOBti  of  ooaatti  of  Mame  and  Nen  Hampshire,  14 ;  Boatoii,  Mass., 
BoathsaHt  coast  of  Mussiichusetts  aud  Khuile  Island,  at  New  IJedrord,  MaM..  iiud 
Newport,  K.  1.,  16;  eaateio  eairance  to  Long  Island  Soand  and  const  ofCouni-t^ci- 
eat.  eDtrancBS  to  New  York  Harbor,  18;  eastorn  entrxncs  to  barbot,  soiitli'-rn 
•Dtrancetobarbor,  on  Long  Island  and  Sand;  liook,  19;  Delaware  Kivur,:JO;  ll;ilci- 
more,  Ud.,  21 ;  Waahington,  D.  C,  22;  Hampton  Roods.  Va.,  23;  coast  of  North  Caro- 
lina, coast  of  South  Carolina,  24:  coant  of  Ueorgia  and  Cumberland  Sound,  tia.  niid 
Fi»..2&;  ea*t  and  went  roasts  of  b'lorida,  Key  West,  Ha.,  26;  PenBacola,  Fla.,  27; 
Uobileand  MissisBippi  Sound,  New  Orleans,  La.,  and  Sabine  Pass,  Tei.,  28;  (jal- 
TMtoii,  Tei.,  lake  porta  in  ^'ew  York,  29;  Sou  Diego,  Cal.,  San  Francisco,  Ca].,  30; 
month  of  Colombia  River,  SI ;  Puget  »onnd,  eatiuiatei  for  1899-1!K)0,  S3. 

RIVER  AND  HABBOR  IHPR0VEMENT8. 
Gkksrai.  statemeDt,  39. 

ATLANTIC  COAST  AND  GULP  OF  MEXICO. 
Iv  TBS  cBAMow  or  Uaj.  R.  L.  HoztB,  Corps  ov  EMaiDKiBS— 
Lnb«c  Channel,  He.,  36;  UoosabM  Bar,  H«.,  3T;  Narraguagus  Rlrer,  Me.,  break- 
water from  Monnt  Deaert  to  Porcnpine  Island,  He.,  38;  harbor  at  Sullivan  fulls, 
He.,  39;  Union  River,  Me.,  Baguduce  River,  Me.,  40;  Penobscot  River,  Mc,  41; 
Rockland  Harbor,  Ue.,  42;  Carvers  Harbor,  Vinalhaven,  Me.,  44;  Georges  River, 
Me.,  Kennebeo  River,  Me.,  45;  Saaauoa  River,  Me.,  46;  Portland  Harbor,  Me.,  4T; 
SacoBiver,  Ue.,  49;  Cocbeco  River,  N.  H.,50;  harbor  of  refuge  at  Little  Hurl>iir, 
M.  H.,  61;  removlDg  eunkea  vessels  or  craft  obstructing  or  andangeiiog  naviga- 
tion, anrveya,  63. 

In  thx  chaxqs  or  Col.  B.  U.  Manbtikld,  Corps  or  Enqinrbrb— 
Hewbnryport  Harbor,  Mass.,  63;  Merrimao  River,  Uaas.,  64;  Powow  River,  Milhs., 
GS;  Essei  River,  Mass.,  harbor  of  refuge,  Sai>dy  Bay,  Cape  Ann,  Mass.,  66:  liar- 
bor  at  Qloncaiter,  Mass.,  57;  harbor  at  Manchester,  Maas.,  5tJ:  hurbor  at  Lynn, 
MaM.,  SB;  Mystic  and  Maiden  rivers,  Mass.,  GO;  harbor  at  Boston,  Mass.,  61; 
Town  River,  Hoaa,,  Weymonth  River,  Mans.,  64:  harbor  at  Soituate,  Masx..  65; 
PlymoDth  Harbor,  Mass.,  67;  harbor  at  Provincetown,  MafS.,  68;  harbor  at 
Chatham,  Mast.,  removing  sunken  vessels  or  cralt  obsUuctinf  or  endangering 
navigation,  snrveys,  69, 
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In  thx  charge  of  Maj.  D.  W.  Lockwood,  Corps  of  Engineers— 

Hftrbor  of  refnge  at  Hyannis,  Mass.,  70;  harbor  of  refuge  at  Nantaoket,  Mass.,  71; 
harbor  at  Vineyard  Hav^en,  Mass.,  72;  Woods  Hole  Channel,  Mass.,  73;  New  Bed- 
ford Harbor,  Mass.,  Canapitsit  Channel,  Mass.,  74;  Taanton  River,  Mass.,  75; 
Sakonnet  River,  R.  I.,  Pawtuoket  River,  R.  I.,  76;  Providence  River  and  Narra- 
eansett  Bay,  R.  1..  77;  Green  Jacket  Shoal,  Providence  River,  R.  I.,  78;  harbor  at 
Wickford,  u.  I.,  Newport  Harbor,  R.  I.,  79;  harbor  of  refuge  at  Point  Judith,  R.  I., 
80;  entrance  to  Point  Judith  Pond,  R.  I.,  81;  harbor  of  refuge  at  Block  Island, 
R.  I.,  82;  Great  Salt  Pon<l,  Block  Island,  R.  I.,  removing  sunken  vessels  or  craft 
obstructing  or  endangering  navigation,  83 ;  examinations  and  survey,  84. 

In  the  charge  of  Maj.  Smith  S.  Leach,  Corps  of  Engineers — 

Pawcatnck  River,  R.  I.  and  Conn.,  85;  harbor  of  refnge  at  Stonington,  Conn.,  86; 
Mystic  River,  Conn.,  88;  Thames  River,  Conn.,  89;  Connecticut  River  below  Hart- 
ford, Conn.,  91;  harbor  of  refuge  at  Duck  Island  Harbor,  Conn.,  94;  New  Haven 
Harbor,  Conn.,  95;  breakwaters  at  New  Haven,  Conn.,  96;  Hoiisatonic  River, 
Conn.,  97;  Bridgeport  Harbor,  Conn.,  99;  Sangatuok  River  and  Westport  Harbor, 
Conn.,  102;  Norwalk  Harbor,  Conn.,  104;  Five-mile  River  Harbor,  Conn.,  105; 
Stamford  Harbor,  Conn.,  107;  harbor  at  Coscob  and  Mianus  River,  Conn.,  108; 
Greenwich  Harbor,  Conn.,  110;  surveys.  111. 

In  the  charge  of  Maj.  H.  M.  Adams,  Corps  of  Engineers — 

Port  Chester  Harbor,  N.  Y.,  112;  Mamaroneck  Harbor,  N.  Y..  East  Chester  Creek, 
N.  Y.,  113;  Bronx  River,  N.  Y.,  114;  Mattituck  Harbor,  N.  Y.,  Port  Jetferson  Har- 
bor, N.  Y.,  115 ;  Huntington  Harbor,  N.  Y.,  116 ;  Glencove  Harbor,  N.  Y.,  117 ;  Flush- 
ing Bay,  N.  Y.,  118;  Patchogue  River,  N.  Y.,  Browns  Creek,  Sayville,  N.  Y.,  119; 
Canarsie  Bay,  N.  Y.,  120;  Bay  Ridge  Channel,  the  triangular  area  between  Bay 
Ridge  and  Red  Hook  channels,  and  Red  Hook  and  Buttermilk  channels,  in  the 
harbor  of  New  York,  121 ;  Gowanus  Creek  Channel,  New  York  Harbor,  122 ;  New- 
town Greek,  N.  Y.,  123;  removing  sunken  vessels  or  craft  obstructing  or  endanger- 
ing navigation,  survey,  124. 

In  the  charge  of  Brig.  Gen.  William  Ludlow  (now  Maj.  Gen.),  U.  S.  Volun- 
TEEKS,  Lieutenant-Colonel,  Corps  of  Engineers,  and  of  Maj.  H.  M.  Adams, 
C(»RP8  of  Engineers — 

Harlem  River,  N.  Y.,  124;  East  River  and  Hell  Gate,  N.  Y.,  126;  New  York  Harbor, 
N.  Y.,  127;  removing  sunken  vessels  or  craft  obstructing  or  endangering  naviga- 
tion, 128. 

In  the  charge  of  Lieut.  Col.  A.  M.  Miller,  Corps  of  Engineers— 

Channel  between  North  and  South  Hero  islands,  Lake  Champlain,  Vt.,  128:  harbor 
at  Burlington,  Vt.,  129;  Otter  Creek,  Vt.,  Narrows  of  Lake  Champlain,  N.  Y.  and 
Vt.,  130;  Hudson  River,  N.  Y.,  131;  Saugerties  Harbor.  N.  Y.,  harbor  at  Rondout, 
N.  Y.,  134;  harbor  at  Peekskill,  N.  Y.,  Passaic  River,  N.  J.,  135;  channel  between 
Staten  Island  and  New  Jersey.  136;  Elizabeth  River,  N.  J.,  Raritan  River,  N.  J., 
137;  South  River,  N.  J.,  138;  Raritan  Bay,  N.  J.,  139;  Matawan  Creek,  N.  J.,  140; 
Keyport  Harbor,  N.  J.,  Shoal  Harbor  and  Compton  Creek,  N.  J.,  141 ;  Shrewsbury 
River,  N.  J.,  142;  Manasquan  River,  N.  J.,  143;  removing  sunken  vessels  or  craft 
obstructing  or  endangering  navigation,  144. 

In  the  charge  of  Lieut.  Col.  C.  W.  Raymond,  Corps  of  Engineers — 

Delaware  River,  N.  J.  and  Pa.,  144;  harbor  between  Philadelphia,  Pa.,  and  Camden, 
N.  J.,  147;  Schuylkill  River,  Pa.,  148;  ice  harbor  at  Marcushook,  Pa.,  149;  iron 
pier  in  Delaware  Bay  near  Lewes,  Del.,  150;  Delaware  Breakwater,  Del.,  151;  har- 
bor of  refuge, Delaware  Bay,  Del.,  152;  Rancocas  River.  N.  J.,  153;  AUowav  Creek, 
N.  J.,  Cooper  Creek,  N.  J.,  154;  Goshen  Creek,  N.  J.,  155;  removing  sunKen  ves- 
sels or  craft  obstructing  or  endangering  navigation,  surveys,  156. 

In  the  charge  of  Wm.  F.  Smith,  United  States  Agent,  Major  of  Engineers, 
U.  8.  Army,  retired— 

Wilmington  Harbor,  Del.,  159;  ice  harbor  at  Newcastle,  Del.,  160;  Appoquinimink 
River,  DeL,  161;  Smyrna  River,  Del.,  162;  Murderkill  River,  DeL,  163;  Mispillion 
River,  Del.,  164;  Broadkiln  River,  Del.,  inland  waterway  from  Chincoteague  Bay, 
Va.,  to  Delaware  Bay  at  or  near  Lewes,  Del.,  166;  Susquehanna  River  above  and 
below  Havre  de  Grace,  Md.,  Chester  River,  Md.,  from  Crumpton  to  Jones  Landing, 
167;  Choptank  River,  Md.,  168;  La  Trappe  River,  Md.,  Warwick  River,  Md.,  169; 
Broad  Creek  River,  Del.,  170;  Nanticoke  River,  Del.  and  Md.,  171;  Wicomico 
River,  Md.,  Manokin  River,  Md.,  172;  Pocomoke  River,  Md.,  173:  Queenstown 
Harbor,  Md.,  Rockhall  Harbor  and  inner  harbor  at  Rockhall,  Md.,  174;  removing 
•anken  vessels  or  oraft  obstructing  or  endangering  navigation,  175. 
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br  THE  CHARGE  OF  Brig.  Gkn.  Pktkr  C.  Hains,  U.  8.  VoLmrrRBRS,  Colonel, 

CORF8  OF  ENOIKEERSy  AND  OF  LlEUT.  CUARLES  W.  KUTZ,  CORPS  OF  EnGIXEKRS— 

PaUpflco  River  and  channel  to  Baltimore,  Md.,  175;  channel  to  Curtis  Bay,  in  Patnp- 
SCO  River,  Baltimore  Harbor,  Md.,  176;  harbor  of  Ronthwest  Baltimore  (Spring 
Garden),  Md.,  removing  sunken  vessels  or  craft  obstracting  or  endangering  naviga- 
tion, 177. 

IX  THE  CHARGE  OF  LlEUT.   COL.   ChaS.  J.  ALLEN,  CORPS  OF  ENGINEERS — 

Potomac  River  at  Washington,  D.  C,  178;  Occoquan  Creek,  Va.,  180:  Aqnia  Creek, 
Va.,  182;  Nomini  Creek,  Va.,  183;   Lower  Machodoo  Creek,  Va.,  Rappahannock 
RiTer,  Va^  184;  Urbana  Creek,  Va.,  186;  York  River,  Va.,  187;  Mattaponi  River 
Va.,  188;  ramnnkey  River,  Va.,  189;  James  River,  Va.,  190;  protection  of  James 
town  Island,  Va.,  191;  removing  sunken  vessels  or  craft  obstructing  or  endanger- 
ing navigation,  survey,  192. 

In  the  charge  of  Maj.  Thos.  L.  Casey,  Corps  of  Engineers— 

Hirbor  at  Norfolk  and  its  approaches,  Va.,  193;  Western  Branch  of  Elizabetti  River 
Va.,  Nansemond  River,  Va.,  195;  Appomattox  River,  Va.,  196;  harbor  at  Cape 
Charles  City,  Va.,  197:  Nandua  Creek,  Va.,  inlaud  water  route  from  Norfolk,  Va., 
to  Albemarle  Sound,  N.  C,  through  Currituck  Sound,  198;  Roanoke  River,  N.  C. 
199;  Paat^uotank  River,  N.  C,  removing  sunken  vessels  or  craft  obstructing  c 
endangering  navigation,  200. 

Ik  the  charge  of  Capt.  W.  E.  Craighill,  Corps  of  Engineers — 

Ocracoke  Inlet,  N.  C,  201;  Fishing  Creek,  N.  C,  202;  Pamlico  and  Tar  ri vers,  N.  C. 
203;  Contentnia  Creek,  N.  C.  Trent  River,  N.  C,  204;  Neuse  River,  N.  C,  205 
inland  waterway  between  Newbem  and  Beaufort,  N.  C,  harbor  at  Beaufort,  N.  C, 
206;  inland  waterwav  between  Beaufort  Harbor  and  New  River,  N.  C,  207;  New 
River,  N.  C,  Black  River,  N.  C,  208;  North  East  (Cape  Fear)  River,  N.  C,  209; 
Cape  Fear  River  above  Wilmington,  N.  C,  Cape  Fear  River  at  and  below  Wil- 
mington, N.  C,  210. 

Ix  THE  charge  of  Maj.  E.  H.  Ruffner,  Maj.  Frederic  V.  Abbot,  and  Lieut. 
Edwin  R.  Stuart,  Corps  of  Engineers— 

Waccamaw  River,  N.  C.  and  S.  C,  212;  Little  Pedee  River,  S.  C,  Great  Pedee  River, 
8.  C,  213;  Winyah  Bay,  8.  C,  214;  Santee  River,  8.  C,  216;  Wateree  River,  S.  C, 
217;  Congaree  River,  8.  C,  218;  Charleston  Harbor,  including  Mount  Pleasant 
and  Sullivan  Island  shore,  8.  C,  219 ;  Wappoo  Cut,  8.  C,  Beaufort  River,  8.  C,  220. 

IX  THE  CHARGE  OF  CaPT.  O.  M.  CARTER  AND  OF  CaPT.  CaSSIUS  E.  GILLETTE,  CORPS 

OF  Engineers — 

Savannah  Harbor,  Ga.,  221;  Savannah  River,  Ga.,  233;  Savannah  River  above 
Aagnsta,  Ga.,  224;  Darien  Harbor,  Ga.,  225;  Altamaha  River,  Ga.,  226;  Oconee 
River,  Ga.,  227;  Ocmulgee  River,  Ga.,  228;  Brunswick  Harbor,  Ga.,  229;  inside 
water  route  between  Savannah,  Ga.,  and  Fernaudina,  Fla.,  230;  removing  sunken 
veasela  or  craft  obstructing  or  endangering  navigation,  231. 

If  the  CHARGE  OF  LlEUT.   COL.   W.   H.   H.   BeNYAURD,   CORPS  OF  ENGINEERS — 

Cnmberland  Sound,  Ga.  and  Fla.,  232;  St.  Johns  River,  Fla.,  234;  Volusia  Bar,  Fla., 
235;  Ocklawaha,  River,  Fla.,  236;  St.  Augustine  Harbor,  Fla.,  237;  Indian  River, 
Fla.,  Negro  Cut,  Fla.,  238;  Jupiter  Inlet,  Fla.,  Caloosahatchee  River,  Fla.,  239; 
Charlotte  Harbor  and  Pease  Creek,  Fla.,  240;  Sarasota  Bay,  Fla.,  241;  Manatee 
River,  Fla.,  242 ;  Withlacoochee  River,  Fla.,  243 ;  Suwanee  River,  Fla.,  244 ;  remov- 
ing sunken  vessels  or  craft  obstructing  or  endangering  navigation,  surveys,  245. 

L\  THE  CHARGE  OF  LlEUT.   COL.  W.   H.   H.   BeNYAURD  AND  OF  CaPT.  ChARLES  H. 

McKiNSTRY,  Corps  of  Engineers — 
Harbor  at  Key  West,  Fla.,  248. 

In  the  CHARGE  OF  Maj.  F.  a.  Mahan,  Corps  of  Engineers — 

Carrabelle  Bar  and  Harbor,  Fla.,  249;  Apalachicola  Bay,  Fla.,  250;  Apalachicola 
River,  the  Cut-oflf,  and  lower  C^hipola  River,  Fla.,  Flint  River,  Ga.,  251;  Chatta- 
hoochee River,  Ga.  and  Ala.,  below  Columbus,  252;  Chattahoochee  River,  between 
Weatpoint  and  Franklin,  Ga.,  253;  Choctawhatchee  River,  Fla.  and  Ala.,  har- 
bor of  Pensacola,  Fla.,  254;  Escambia  and  Conecuh  rivers,  Fla.  and  Ala.,  255; 
Alabama  River,  Ala.,  256;  improvement  of,  and  operating  and  care  of  canals  and 
other  worka  of  navigation  on,  Coosa  River,  Ga,  and  Aie.,  ^,  259;  examination,  259. 


IV  coNTEirra 

In  the  oharob  of  Maj.  Wm.  T.  Rosskix,  Corps  of  EKOimxBS^ 

Mobile  Harbor,  Ala.,  259;  Black  Warrior  Rirer,  Ala.,  260;  operation  and  oare  of 
looks  and  dams  on  Black  Warrior  River,  Ala.,  Warrior  and  Tombigbee  riyers,  Ala. 
and  Miss.,  261;  Tombigbee  Riyer,  from  its  month  to  Demopolis,  Ala.,  262;  Tom- 
bigbee River,  from  Demopolis,  Ala.,  to  Columbns,  Miss.,  263 :  Tombigbee  River, 
fi>om  Fnlton  to  Columbus,  Miss.,  and  from  Walkers  Bridge  to  Falton,  Miss.,  Noxn- 
bee  River,  Miss.,  264;  Pascagonla  River,  Miss.,  Chickasahay  River,  Miss,  265; 
Leaf  River,  Miss.,  Pearl  River,  below  Jackson,  Miss.,  266;  Pearl  River  between 
Carthage  and  Jackson,  Miss.,  Pearl  River  between  Edinbnrg  and  Carthage,  Miss., 
267;  Bogne  Chitto,  La.,  268;  surveys,  269. 

In  the  charge  of  Maj.  James  B.  Quinn,  Corps  of  Enginebrs— 

Insneotion  of  the  improvement  of  the  South  Pass  of  the  Mississippi  River,  269; 
Chefiincte  River  and  Bogne  Falia,  La.,  Tiokfaw  River  and  its  tributaries.  La.,  270; 
Amite  River  and  Bayou  Manohac,  La.,  271;  Bayou  Lafourche,  La  ,  Bayou  Plaque- 
mine,  Grand  River,  and  Pigeon  bayous,  La.,  272;  Bayou  Courtablean,  La.,  Bayou 
Teche,  La.,  274;  channel,  bay,  and  passes  of  Bayou  Vermilion,  La.,  Mermen  tan 
River  and  tributaries,  La.,  2^5;  mouth  and  passes  of  Calcasieu  River,  La.,  276; 
harbor  at  Sabine  Pass,  Tex.,  278;  Sabine  River,  Tex.,  279;  Pass  a  Loutre,  Missis- 
sippi River,  280;  removing  sunken  vessels  or  orafb  obstructing  or  endangering 
navigation,  Homochitto  River,  Miss.,  281. 

In  the  charge  of  Lieut.  Col.  A.  M.  Miller  and  Maj.  James  B.  Quinn,  Corps 
OF  Engineers,  and  Col.  Charles  S.  Rich6,  U.  S.  Volunteers,  Captain 
Corps  of  Engineers — 

Galveston  Harbor,  Tex.,  282;  ship  channel  in  Galveston  Bay.  Tex.,  283;  operating 
and  oare  of  Morgan  Canal,  Tex.,  channel  in  West  Galveston  Bay,  Tex.,  284 ;  Trinity 
River,  Tex.,  285;  Buffalo  Bayou,  Tex.,  286;  Brazos  River,  Tex.,  surveys,  287. 

WESTERN  RIVERS. 

In  the  chargb  of  Maj.  J.  H.  Willard,  Corps  of  Engineers — 

Red  River,  La.  and  Ark.,  289;  Red  River,  above  Fulton,  Ark.,  291;  Cypress  Bayou, 
Tex.  and  La.,  292;  Ouachita  and  Black  rivers,  Ark.  and  La.,  293;  Bayou  Barthol- 
omew, La.  and  Ark.,  BoBuf  River,  La.,  294;  Tensas  River  and  Bayou  Mayon,  La., 
295 ;  Yazoo  River,  Miss.,  296 ;  mouth  of  Yazoo  River  and  harbor  at  Vicksburg, 
Miss.,  297;  Tallahatchie  River,  Miss.,  299;  Big  Sunflower  River,  Miss.,  300;  water 
gauges  on  the  Mississippi  River  and  its  principal  tributaries,  301 ;  survey,  302. 

In  the  charge  of  Capt.  W.  L.  Sibert,  Corps  of  Engineers— 

Removing  obstructions  in  Arkansas  River,  Ark.  and  Kans.,  Arkansas  River,  Ark., 
302;  White  River,  Ark.,  304;  Black  River,  Ark.  and  Mo.,  305;  Cnrreut  River,  Ark. 
and  Mo.,  306;  St.  Francis  River,  Ark.,  307;  St.  Francis  River,  Mo.,  surveys,  308. 

In  the  charge  of  Maj.  Thos.  H.  Handbury,  Corps  of  Engineers— 

Removing  snags  and  wrecks  from  the  Mississippi  River  below  the  month  of  the 
Missouri  River,  309;  Mississippi  River  between  Ohio  and  Missouri  rivers,  310; 
harbor  at  St.  Louis,  Mo.,  312;  preventing  the  Mississippi  River  from  breaking 
through  into  the  Cache  River  at  or  near  a  point  known  as  Beechridge,  a  few 
miles  above  Cairo,  lU.,  313. 

In  the  charge  of  Lieut.  Col.  W.  R.  King,  Capt.  C.  McD.  Townsend,  and  LiExn. 
Charles  Keller,  Corps  of  Engineers— 

Operating  snag  boats  and  dredge  boats  on  Upper  Mississippi  River,  improving  Mis- 
sissippi River  between  Missouri  River  and  St.  Paul,  Minn.,  314;  operating  and  care 
of  Des  Moines  Rapids  Canal  and  Dry  Dock,  operating  and  oare  of  Galena  River 
mprovement.  111.,  316. 

In  the  charge  of  Lieut.  Col.  W.  A.  Jones  and  of  Maj.  Frederic  Y.  Abbot,  Corps 
OF  Engineers — 

Mississippi  River,  between  St.  Paul  and  Minneapolis,  Minn,  (construction  of  Lock 
and  Dam  No.  2),  316;  construction  of  reservoirs  at  head  waters  of  Mississippi  River, 
317;  operating  and  oare  of  reservoirs  at  head  waters  of  Mississippi  River,  818; 
Chippewa  River,  including  yellow  banks.  Wis.,  319;  St.  Croix  Kiver,  Wis.  and 
Minn.,  Minnesota  River,  Minn.,  Red  River  of  the  North,  Minn,  and  N.  Dak.,  920; 
ganging  Miausaippi  River  at  or  neai  St.  Paul,  Minn.,  survey,  823. 


CONTENTS.  ▼ 

l5  THK  CHAROR  OF  CAPT.  J.  C.  SaNFORD,  CORPS  OF  EXOTXKERS — 

Minoori  River  between  Stabbs  Ferry,  Mont.,  itnd  the  lower  limits  of  Sionz  Cltj, 
lowft,  d2S;  improving  Upper  Misaonri  River  by  snagging,  Yellowstone  River, 
Hont.  «nd  N.  Dak.,  3^. 

br  THE  CHAROB   OF   MaJ.  DaN  C.  KlNGMAK,  CORPS  OF  ENOIXBBRS,  AND  OF  LiBUT. 

Col.  John  Biddlb,  U.  S.  Yoluntbrrs,  Caftaik,  Corps  of  Engineers — 

Obion  River,  Tenn.,  330;  Forked  Deer  River,  Tenn.,  331;  North  or  Middle  Fork  of 
Korked  Deer  River,  Tenn.,  from  Dyersbnrg  to  the  Obion  River  and  thence  to  the 
Mississippi  River,  333;  Cnmberland  River,  Teifn.  and  Ky.,  below  Nashville,  334; 
above  Nashville,  336. 

Ik  the  chargb  of  Maj.  Dan  C.  Kingman,  Corps  of  Engineers— 

TenDeeaee  River  system,  339;  Tennessee  River  above  Chattanooga,  Tenn.,  340;  below 
Chattanooga,  Tenn.,  341;  operating  and  care  of  Muscle  Shoals  Canal,  Tennessee 
River,  trench  Broad  and  Little  Pigeon  rivers,  Tenn.,  344;  Clinch  River,  Tenn.,  346; 
surveys,  347. 

In  the  Charge  of  Capt.  J.  G.  Wabren,  Corps  of  Engineers— 

Falls  of  the  Ohio  River  at  Louisville,  Ky.,  including  Indiana  Chute  Falls,  347; 
operating  and  care  of  Louisville  and  Portland  Canal,  Ky.,  349 ;  Wabash  Kiver, 
Ind.  and  111.,  below  Vincennes,  350:  Wabash  River  above  Vincennes,  operating 
and  care  of  lock  and  dam  at  Grand  Rapids,  Wabash  River,  White  River,  Ind.,  351 ; 
Tradewater  River,  Ky.,  Lock  No.  2,  Green  River,  at  Rumsey,  Ky.,  352;  Green  River 
above  mouth  of  Big  Barren  River,  Ky.,  353;  operating  and  care  of  locks  and  dams 
on  Green  and  Barren  rivers,  Ky.,  Rough  River,  Ky.,  354 ;  operating  and  care  of 
lock  and  dam  in  Rough  River,  Ky.,  Kentucky  River,  Ky.,  355;  operating  and  care 
of  locks  and  dams  in  KentucKy  River,  Ky.,  356. 

Ih  the  charge  of  Maj.  W.  H.  Hbuer  and  of  Maj.  W.  H.  Bixby,  Corps  of 
Engineers— 

Ohio  River,  356;  operating  snag  boats  on  the  Ohio  River,  operating  and  care  of  Davis 
Island  Dam,  Ohio  River,  near  Pittsburg,  Pa.,  358;  movable  dams  Nos.  2, 3, 4,  5,  and 
6  in  the  Ohio  River,  359;  Mnskingum  River,  Ohio,  operating  and  care  of  locks  and 
daois  on  Mnskingum  River,  Ohio,  361;  Little  Kanawha  River,  W.  Va.,  362;  opera- 
ting and  care  of  lock  and  dam  in  Little  Kanawha  River,  W.  Ya.,  Great  Kanawha 
River,  W.  Va.,  363:  operating  and  keeping  in  repair  the  seven  finished  locks  and 
dams  in  the  Great  Kanawha  River,  W.  Va.,  Elk  River,  W.  Va.,  365;  Gauley  River, 
W.  Va.,  366:  New  River,  Va.  and  W.  Va.,  367;  Guyandotte  River,  W.  Va.,  368; 
Big  Sandy  Kiver,  W.  Va.,  369;  operating  and  care  of  lock  and  dam  in  Big  Sandy 
River,  370;  Tug  Fork  of  Big  Sandy  River,  W.  Va.  and  Ky.,  Levisa  Fork  of  Big 
Sandy  River,  Ky.,  371 ;  surveys,  372. 

In  the  charge  of  Maj.  Cbas.  F.  Powell,  Corps  of  Engineers — 

Monongahela  River,  W.  Va.,  373;  operating  and  care  of  locks  and  dams,  Mononga- 
bela  River,  374;  Allegheny  River,  Pa.,  375:  locks  and  dams  at  Herr  Island,  above 
the  head  of  Six-mile  IsJand,  and  at  Springdale,  Allegheny  River,  376 ;  surveys,  377. 

LAKE  RIVERS  AND  HARBORS. 

Is  THE  CHARGE  OF  MaJ.  ClINTON  B.  SeARS,  CORPS  OF  ENGINEERS — 

Harbor  at  Grand  Marais,  Minn.,  harbor  at  Agate  Bay,  Minn.,  378;  harbor  at  Dnluth, 
Minn.,  and  Superior,  Wis.,  379;  harbor  at  Ashlaud,  Wis.,  380;  harbor  at  Ontona- 
gon, Mich.,  381;  waterway  across  Keweenaw  Point  from  Keweenaw  Bay  to  Lake 


reoiovuig  aonken  Teasels  or  oraft  obstructing  or  endangering  navigation,  885 


VI  CONTENTS. 

In  Tmt  CHARGK  OF  Capt.  Geo.  A.  Zinn,  Crtnps  of  EKGmr&xits— 

MenomiDee  Harbor,  Mich,  and  Wis.,  Menominee  River,  Mich,  and  Wis.,  385;  Ooonto 
Harbor,  Wia.,  386;  Pensaukee  Harbor,  Wis.,  Green  Bay  Harbor,  Wis.,  387;  Stur- 
geon Bay  and  Lake  Michigan  Ship  Canal,  Wis.,  388;  operatincr  and  care  of  Stnr- 
^n  Bay  and  Lake  Michigan  Ship  Canal,  Sturgeon  Bay  Canal  harbor  of  refnge, 
^is.,  389;  Ahnapee  Harbor,  Wis.,  Kewaunee  Harbor,  Wis.,  390;  Two  Rivers 
Harbor,  Wis.,  391;  Manitowoc  Harbor,  Wis.,  Sheboygan  Harbor,  Wio.,  392;  Port 
Washington  Harbor,  Wis.,  harbor  of  refnge,  Milwaukee,  Wis.,  393;  Milwaukee 
Harbor,  Wis.,  394;  South  Milwaukee  Harbor,  Wis.,  Raoine  Harbor,  Wis.,  395; 
Kenosha  Harbor,  Wis.,  Waukegan  Harbor,  111.^396;  Fox  River,  Wis., 397;  operat- 
ing and  care  of  locks  and  dams  on  Fox  River,  Wis.,  survey,  399. 

In  thb  charge  of  Maj.  W.  L,  Marshall,  Corps  of  Enginsers— 

Chicago  Harbor,  111.,  400;  Chicago  River,  111.,  401;  Calumet  Harbor,  111.,  402;  Caln- 
met  River,  111.  and  Ind.,  403;  Illinois  River,  111.,  404;  operating  and  care  of  La 
Grange  and  Kampsville  locks,  Illinois  River,  Illinois  and  Mississippi  Canal,  III., 
406;  operating  and  care  of  Illinois  and  Mississippi  Canal— canal  around  lower 
rapids  of  Rock  River,  at  Milan,  111.,  408. 

In  the  charge  of  Lieut.  Col.  G.  J.  Ltdeckbr  and  of  Capt.  C.  MoD.  Townsend, 
Corps  op  Engineers — 

Michigan  City  inner  and  outer  harbors,  Ind.,  409;  St.  Joseph  Harbor,  Mich.,  410;  St, 
Joseph  River,  Mich.,  411 1  South  Haven  Harbor,  Mich.,  412;  Saugatuck  Harbor. 
Mich.,  413;  Kalamazoo  River,  Mich.,  Holland  (Black  Lake)  Harbor,  Mich.,  414; 
Grand  Haven  Harbor,  Mich.,  415;  Grand  River,  Mich.,  416^  Muskegon  Harbor, 
Mich.,  White  Lake  Harbor,  Mich.,  417;  Pentwater  Harbor,  Mich.,  Ludington  Har- 
bor, Mich.,  418;  Manistee  Harbor,  Mich.,  419;  harbor  of  refuge  at  Portage  Lake, 
Manistee  Connty,  Mich.,  420;  Frankfort  Harbor,  Mieh.,  421;  Charlevoix  Harbor, 
Mich.,  422;  Petoskey  Harbor,  Mich.,  423;  snrvey,  424. 

In  the. charge  of  Lieut.  Col.  G.  J.  Lydecker,  Corps  of  Engineers — 

Ship  channel  connecting  waters  of  the  Great  Lakes  between  Chicago,  Dulnth,  and 
Buffalo,  424;  St.  Marys  River  at  the  falls,  Mich.,  426;  operating  and  care  of  St. 
Marys  Falls  Canal,  Mich.,  Hay  Lake  Channel,  St.  Marys  River,  Mich.,  427;  Che- 
boygan Harbor,  Mich.,  429;  Alpena  Harbor  (Thunder  Bay  River),  Mich.,  Saginaw 
River,  Mich.,  430;  Sebewaing  River,  Mich.,  431;  harbor  of  refuge  at  Sandbeach, 
Lake  Huron,  Mich.,  432;  mouth  of  Black  River,  Mich.,  Black  River  at  Port  Huron, 
Mich,,  433;  Pine  River,  Mich.,  434;  Belle  River,  Mich.,  St.  Clair  Flats  Canal,  Mich., 
435;  operating  and  care  of  St.  Clair  Flats  Canal,  Mich..  Clinton  River,  Mich^  436; 
Detroit  River,  Micb.,  Rouge  River,  Mich.,  437;  turning  basin  in  Ronge  River, 
Mich.,  438;  surveys,  439. 

In  the  charge  of  Col.  Jared  A.  Smith,  Corps  of  Engineers — 

Monroe  Harbor,  Mich..  440;  Toledo  Harbor,  Ohio.  441;  Port  Clinton  Harbor,  Ohio, 
Sandusky  Harbor,  Ohio,  443;  Huron  Harbor,  Ohio,  Vermilion  Harbor,  Ohio,  445; 
Black  River  (Lorain)  Harbor,  Ohio,  446:  Cleveland  Harbor,  Ohio,  447 ;  Fairpoit 
Harbor,  Obio,  449;  Ashtabula  Harbor,  Ohio,  450;  Conneaut  Harbor,  Ohio,  451; 
removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation,  surveys, 
452. 

In  the  charge  of  Maj.  Thomas  W.  Symons,  Corps  of  Engineers — 

Erie  Harbor,  Pa.,  455;  harbor  at  Dunkirk,  N.  Y.,  456;  Buffalo  Harbor,  N.  T.,  458; 
Tonawanda  Harbor  and  Niagara  River,  N.  Y.,  460;  Niagara  River  from  Tonawanda 
to  Port  Day,  N.  Y.,  461 ;  Wilson  Harbor,  N.  Y.,  463. 

In  the  charge  of  Maj.  W.  S.  Stanton,  Corps  of  Engineers — 

Harbor  at  Charlotte,  N.  Y.,  463;  harbor  at  Great  Sodus  Bay,  N.  Y.,  harbor  at  Little 
Sodus  Bay,  N.  Y.,  464;  harbor  at  Oswego,  N.  Y.,  465;  harbor  at  Sacketts  Harbor, 
N.  Y.,  harbor  at  Cape  Vincent,  N.  Y.,  466;  shoals  between  Sister  Islands  and  Cross- 
over Light,  and  between  Ogdensburg  and  the  foot  of  Lake  Ontario,  St.  Lawrence 
River,  467;  harbor  at  Ogdensburg,  N.  Y.,  468. 

In  the  charge  of  Lieut.  Col.  Hiram  M.  Chittenden,  U.  8.  Volunteers,  Cap- 
tain, Corps  of  Engineers— 

Examination  of  reservoir  sites  in  Wyoming  and  Colorado,  469* 
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PACIFIC  COAST. 
hTUR  ciiARtiK  oir  Col.  Chas.  R.  Sutbr,  Corps  of  ENOimsBfr- 
SniTc;  of  e«rtaia  Toek«  in  Sao  FrftnciHco  Harbor,  Cal.,  469. 

b  TBI  cuAROK  or  Maj.  Cuas.  E.  L.  B.  Davib,  Corps  op  Enoimkers — 


JoftqaiQ  River,  Cal.,  473; 
ind  Feather  rivers,  Cal.,  475;  Napa  Siver,  Cal.,  476;  Petalama  Creek,  Cal., 
HomboMt  Harbor  and  Bay,  Cal.,  477. 


Port  Orford  Harbor,  Ores.,  479;  Coqaille  River.  Ore);,  (geoeral  improTemoiit),  480; 
Coqnille  River,  Oreg.,  betweeD  ('oqaille  and  Myrtle  Poiot,  481;  entraDce  to  Cooa 
Baj  and  Harbor,  Oreg.,  483:  harbor  at  Coos  Bnv,  Oreg.  (dred)ciiiE),  484;  Coo* 
BiTer,  Oreg.,  4^;  Umpqna  Rivur,  Ore^.,  486;  montb  of  Sinalaw  Riv<>r,  Oreg.,  487; 
ilsea  RWer,  Or«g.,  488;  ¥ai|niiia  llav,  Orex..  48!);  NeHlUKKa  River.  Oreg.,  491; 
'mianiook  Bay  and  Bnr,  Orf<;..  J!)2;  Upper  Columbia  and  Kouke  rlvera,  Oreg.  and 
Wash.,  493:  Colnmbia  Rner  at  Tliree-mile  RapitU.  ami  tbe  coostructiiiD  and  eqiiin- 
mmt  of  a  boat  railway  I'rniii  the  foot  of  The  Dalles  Kapida  to  the  hoail  of  Celilo 
Falls,  Oreg.  and  Wash.,  VXi.  <  aiiiil  at  the  CaHcadea,  Columbia  Rivrr,  Oreg.,  496; 
operating  and  care  of  rniiiil  niid  lockn  at  the  CaaradN  of  the  Columbia  River. 
Ong.,  4M;  Columbia  River  between  Vanconver,  Wash.,  and  the  month  of  Wil- 
lamette River,  499;  Clearwater  River,  Idaho,  500;  examinationa  and  Bnrvejs,  601. 

b  TBB  CBAROX  OF  Uaj.  W.  L.  Fibk,  Corps  of  Enqimicbrs — 

Willamette  River  above  Portlnnd,  and  Yamhill  River,  Oreg.,  504;  Culnmbia  and 
Lover  Willamette  rivers  below  Portland.  Oreg.,  505;  Columbia  River,  Oreg., 
belonr  Tongne  Point,  mouth  of  Columbia  River.  Oreg.  and  Wiutb,,  501;  Cowlits 
Uver,  Waah.,  608;  gauging  waters  of  Colnmbia  River,  Greg,  and  Waab.,  examina- 
tion* and  surveys,  509. 

Is  TBE  citAROK  OP  Capt,  Harut  Tatlob,  Cohps  of  ENOINBRRS— 

Willaps  River  and  Harbor,  Wash..  511;  Grays  Harbor  and  bar  entrance,  Wash,, 
512;  Cheballs  River,  Wash.,  Puget  Sound  and  its  trihntarj-  waters.  Wash.,  514; 
bscbor  at  Olvinpia.  Waiih.,  waterwny  connecting  Paget  Suiiud  with  lakes  Union 
and  Wssbingtoii,516;  Kverett  Harbor,  Wash.,  518;  Swinomisb  Sloiigh,  Wash., 
319;  Kootenai  River,  Idaho,  between  Bonners  FiTry  and  the  i litem atlooal  bound- 
ary line,  Kootenai  River,  above  .lennings,  Mont.,  G21;  Flathead  River,  Hon t., 
522;  eiaminations  and  eurveys,  523. 
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vin  Contents. 

BRIDGING  NAVIGABLE  WATERS  OP  THE  UNITED  STATES. 

Under  authoriitf  of  special  acts  of  Conffress, — (1)  Bridge  of  the  city  of  Monroe,  La., 
across  Onacbita  River  at  Desiard  street,  (2)  bridge  of  the  Columbia  and  Red 
Monnt^ain  Railway  Company  across  Columbia  River  at  Northport,  Wash.,  (3) 
bridge  of  Marietta  and  Williamstown  Bridge  Company  across  Ohio  River  between 
Marietta,  Ohio,  and  Williamstown,  W.  Va.,  (4)  bridge  of  the  Mifflin  Bridge  Com- 
pany across  Monongahela  River  at  McKeesport,  Pa.,  (5)  bridge  of  the  Louisville 
and  Portland  Bridge  Company  across  the  Louisville  and  Portland  Canal,  (6)  bridge 
of  the  Mississippi  River,  Hamburg;  and  Western  Railway  Company  across  Bayou 
Bartholomew,  Ark.,  (7)  bridge  of  Leflore  County,  Miss.,  across  Yazoo  River  at 
Greenwood,  (8)  bridge  oftheBellaire- Ben  wood  Bridge  Company  across  Ohio  River 
between  Bellaire,  Ohio,  and  Ben  wood,  W.  Va.,  531;  (9)  bridge  of  Dale  Connty, 
Ala.,  across  Choctawhatchee  River  near  Newton,  (10)  bridge  of  Dale  Coonty,  Ala., 
across  Choctawhatchee  Kiver  near  old  UoUis  Bridge,  (11)  bridge  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  Company  across  Mississippi  River  between  Prairie 
du  Chien,  Wis.,  and  North  McGregor,  Iowa,  (12)  bridge  of  Yazoo  and  Misaisaippi 
Valley  Railroad  Company  across  Yalobusha  River,  in  Leflore  County,  Miss.,  (13) 
bridge  of  the  Jonesboro,  Lake  City  and  Eastern  Railroad  Company  across  Lake  St. 
Francis  near  Lake  City,  Ark.,  (14)  bridge  of  the  Lewiston  Connecting  Bridge 
Company  across  Niagara  River  at  Lewiston,  N.  Y.,  (15)  bridge  of  the  lewiston* 
Concord  Bi  idge  Company  across  Snake  River  between  Lewiston,  Idaho,  and  Con- 
cord, Wash.,  532. 

Under  authority  of  State  latoa. — (1)  Bridge  of  the  Erie  Railroad  Company  across  Pas- 
saic River  at  Newark,  N.  J.,  (2)  bridge  of  the  city  of  Boston,  Mass.,  across  Fort 
Point  Channel,  (3)  bridge  of  Butler  and  Mnhlenberg  counties,  Ky.,  across  Mud  River 
at  or  near  Rochester,  Ky.,  (4)  bridge  of  the  United  Railroads  of  Washington  across 
Wishka  River,  Wash.,  (5)  bridge  of  the  United  Railroads  of  Washington  across 
Hoqniam  River,  Wash.,  (6)  bridge  of  the  city  of  Bridgeport,  Conn.,  across  Yellow 
Mill  Pond  at  Stratford  avenue,  (7)  bridge  of  the  city  of  Appleton,  Wis.,  across 
the  United  States  Fox  River  Canal  at  Lake  street,  (8)  bridge  of  Osage  (bounty, 
Mo.,  across  Gasconade  River  at  Rollins  Ferry,  (9)  bridge  of  Cnvven  County,  N.  C, 
across  Trent  River  at  Newborn,  (10)  bridge  of  the  city  of  Port  Huron,  Mich.,  across 
Black  River  at  Elm  wood  street,  (11)  bridge  of  the  city  of  New  York  across  the 
channel  between  City  Island  and  Pelham  Bay  Park,  (12)  bridge  of  Cabell  County, 
W.  Va.,  across  Guyandotte  River  at  Salt  Rock,  (13)  bridge  of  the  city  of  Chicago, 
111.,  across  South  Fork  of  South  Branch  of  Chicago  River  at  Archer  avenue,  (14) 
bridge  of  the  city  of  New  York  across  Harlem  River  between  One  hundred  ana 
forty-fifth  and  One  hundred  and  forty-ninth  streets,  (15)  bridge  of  the  Chicago, 
Buriin$[:ton  and  Quincy  Railroad  Company  acroKS  Quinoy  Bay  at  Quincy,  111.,  533 ; 
(16)  bridge  of  the  Galveston,  Brazos  and  Southwestern  Railway  Company  across 
Chocolate  Bayou.  Tex.,  (17)  temporary  bridge  of  the  New  York  Central  and  Hud- 
son River  Railroad  across  Spuyten  Duyvil  Creek,  N.  Y.,  (18)  bridge  of  the  Detroit 
and  Lima  Northern  Railway  Company  acroRS  Rouge  River  at  Delray,  Mich.,  (19) 
bridge  of  the  Southeastt^m  and  Atlantic  Railroad  Company  across  Southern  Branch 
of  Elizabeth  River  at  Norfolk,  Va.,  (20)  bridges  of  tne  city  of  New  York  across 
Bronx  River  at  Westchester  avenue,  (21)  bridge  of  the  town  of  Mukwa,Wis.,  across 
Wolf  River  at  Northpnrt,  in  said  town,  (22)  bridge  of  the  Rapid  Railroad  Com- 

fany  across  the  northwest  corner  of  Lake  St.  Clair,  Mich.,  (23)  bridge  of  the 
eoria  and  Pekin  Traction  Company  across  lilinois  River  at  Pekin,  111.,  (24) 
bridiie  of  Whatcom  Connty,  Wash.,  acroHs  Nooksack  River  at  Orvis  Ferry,  (25) 
bridge  of  the  city  of  Saginaw,  Mich.,  across  Saginaw  River  at  Coui-t  street,  (26) 
bridge  of  Bergen  County,  N.  J.,  across  Hackeusack  River  at  Anderson  street, 
Hackensa(!k,  hi.  J.,  (27)  bridge  of  the  St.  Paul,  Mineapolis  and  Manitoba  Rail 
way  Compnuy  across  Steamboat  River,  Minn.,  (28)  bridge  of  the  St.  Paul,  Minne- 
apolis and  Manitoba  Railroad  Company  across  Kabekona  Narrows,  Minn.,  534; 
(29)  bridge  of  Craven  County,  N.  C,  across  Neu^e  River  at  Newbem,  (30)  bridges 
of  the  Boston  and  Providence  Railroad  Corporation,  the  Old  Colony  Rai1roa<l  Com- 

? any,  and  the  New  York,  New  Haven  and  Hartford  Railroad  Company,  across  Fort 
oint  Channel,  Boston  Harbor,  Mass.,  (31)  bridge  of  Jefferson  County,  Tex.,  across 
Taylors  Rayon,  (32)  bridge  of  the  Kerckhoff-Cuzner  Mill  and  Lumber  Company 
af*roRs  a  slough  of  Wilmington  Lagoon,  inner  h.»rbor  of  San  Pe<lro,  Cal.,  (33)  bridge 
of  the  Queen  Anne's  Railroad  Company  across  Lewes  Creek  at  Lewes,  Del.,  (34) 
bridge  cf  the  Eastern  Railway  Company  of  MinneKota  acroHS  MiHsissippi  River  in 
Minnertota,  (35)  bridge  of  the  Eastern  Railway  Company  of  Minnesota  arross  Ball 
Club  River,  Minn.,  (36)  bridge  of  the  New  Kensington  Bridge  Companv  across 
Allegheny  River  at  New  Kensington,  Pa.,  (37)  bridge  of  the  Monongahela  (Jonneet- 
ing  Railroad  Company  across  Monongahela  River  near  Thirtieth  street,  South  Side, 
Pittsborg,  Pa.,  (38;  bridge  of  the  Pittsburg  and  Lake  Erie  RailroMl  Company 
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Yoii|^o|ri^en7  Rirer  between  McKeenport  and  Seynoldton,  P».,  (89)  bridge 
of  Mr.  Daniel  Thompson  across  Bay  on  Teche  at  Calnmet  Plantation,  La.,  (40) 
bridge  of  the  Lewiston^  Bmnswick  and  Bath  Street  Railway  across  New  Meadows 
RiTer  between  Brunswick  and  West  Bath,  Me.,  (41)  bridge  of  the  town  of  Bourne, 
Mass.,  across  Barlows  River,  (42)  bridge  of  tne  Allegheny  and  Western  Railway 
Company  across  Allegheny  Rirer  near  Mosii^roTe,  Pa.,  535;  (43)  bridge  of  the 
Charleston  and  Seashore  Railroad  Company  across  a  cove  between  Mount  Pleasant 
and  Sullivan  Island,  S.  C,  (44)  bridge  of  the  Butters  Lumber  Company  across 
Lumber  River  near  Fairbluff,  N.  C,  (45)  bridge  of  the  Louisville  and  Nashville 
Railroad  Company  across  Tennesnee  River  at  Danville,  Tenn.,  (46)  bridge  of  the 
Michigan  Central  Railroad  Companv  across  Little  Calumet  River  near  Chicago, 
111.,  (47)  *  ridge  of  the  Louisville  and  Nashville  Railroad  Company  across  Cumber- 
land River  at  Clarkaville,  Tenn.,  {AS)  bridge  of  the  county  of  Camden,  N.  J.,  across 
Cooper  Creek  at  State  street,  Camden,  N.  J.,  (49)  bridge  of  the  city  of  New  York 
across  Newtown  Creek  at  Greeupoint  avenue,  (50)  bridge  of  the  Charleston  and 
Seashore  Railroad  Company  across  Breach  Inlet,  between  Sullivan  Island  and 
Long  Island,  S.  C,  (51)  bridge  of  the  parish  of  St.  Martin,  La.,  acroas  Bayou  Teche 
at  Breanx  Bridge,  St.  Martinville,  La.,  (52)  bridge  of  Walton  County,  Fla.,  across 
Black  Creek,  (53)  bridges  of  the  Norwich  and  Worcester  Railroad  Company  at 
entrance  to  Long  Cove  and  Clarks  Cove,  Thames  River,  Conn.,  (54)  bridge  of  Hay- 
wood County,  Tenn.,  across  Big  Hatchee -River  near  Brownsville,  (55)  bridge  of 
the  Atlantic  Coast  Line  across  Trent  River  near  PoUoksville,  N.  C,  536 ;  (56)  bridge 
of  Clatsop  County,  Oreg.,  across  Youngs  Bay  at  Astoria,  (57)  bridge  of  the  WU- 
mington  Railway  Company  across  Cape  Fear  River  at  Navassa,  N.  C.,  (58)  bridge 
of  tbe  Wilmington  Railway  Bridge  Company  across  Northeast  Branch  of  Cape 
Fear  River  at  Hilton,  N.  C,  (59)  bridge  of  the  Pittsburg  and  Sharpsbnrg  Bridge 
Company  across  Alleghenv  River  frpm  Pittsburg  to  Sharpsbnrg,  Pa.,  (w)  bridge 
of  the  Mineral  Range  Railway  Company  across  Portage  Lake,  Mtween  Houghton 
and  Hancock,  Mich.,  537. 

Alterations. — (1)  Bridge  of  the  Central  Pacific  Railroad  Company  and  the  Southern 
Pacific  Company  across  Sacramento  River  at  Tehama,  Cal.,  (2)  bridge  of  the  city 
of  New  York  across  Newtown  Creek  between  Vernon  and  Manhattan  avenues, 
537;  (3)  bridge  of  the  county  of  Alameda  across  San  Antonio  Estuary  (Oakland 
Creek)  between  Oakland  aud  Alameda,  Cal.,  at  Webster  street,  538. 

BRIDGES  OBSTRUCTING  NAVIGATION. 

(1)  Bridge  of  the  Far  Rockawav  Ferry  and  Improvement  Company  across  Far 
Roekaway  Bay,  N.  Y.,  (2)  bridge  of  the  New  York,  New  Haven  and  Hartford 
Railroad  Company  across  Sakonnet  River  at  Tiverton,  R.  I.,  (3)  bridge  of  the  city 
of  New  York  across  Newtown  Creek  between  Vernon  and  Manhattan  avenues,  538. 

OCCUPANCY  OP  AND  INJURY  TO  PUBLIC  WORKS  BY  CORPORATIONS  AND 

INDIVIDUALS 538 

MISCELLANEOUS. 

BRIDGES  AT  WASHINGTON,  D.  C. 

(1)  Repair  of  tlie  Aqueduct  Bridge  across  Potomac  River,  539;  (2)  survey  and  plan 
for  a  memorial  bridge  across  Potomac  River  from  the  Naval  Observatory  grounds 
to  the  Arlington  estate,  Va.,  540;  (3)  survey  for  construction  of  a  bridge  across 
the  Eastern  Branch  of  the  Potomac  River  (Anacostia  River)  in  line  with  Massa- 
chusetts avenue  extended  eastward;  (4)  plans  and  estimates  of  cont  for  a  stone 
arch  bridge,  and  also  for  a  steel  bridge  with  stone  foundations,  over  Rock  Creek 
ou  the  line  of  Masaaohusetts  avenue  extended,  541. 

MAINTENANCE  AND  REPAIR  OF  WASHINGTON  AQUEDUCT,  AND  INCREAS- 
ING THE  WATER  SUPPLY  OF  WASHINGTON,  D.  C. 

In  the  charob  of  Col.  Tiieo.  A.  Bingham,  U.  S.  Army,  Lieut.  Col.  Edward 
Burr,  U.  8.  Voluntkkks.  Captain,  Corps  of  Enoinkkrs,  and  Col.  D.  D. 
Qaillard,  U.  8.  Voluntkers,  Captain,  Corps  of  Enginekrs— 

(1)  Washington  Aqueduct^  542;  increasing  the  water  supply  of  Washington,  D.C,  545. 
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PUBLIC  BUILDINGS  AND  GROUNDS  AND  WASHINGTON  MONUMENT,  DIS- 

TRICT  OF  COLUMBIA. 

In  tbb  charge  or  Col.  Theo.  A.  Bingham,  U.  S.  Armt 546 

NORTHERN  AND  NORTHWESTERN  LAKES 547 

RECONNAISSANCES  AND  EXPLORATIONS  IN  MILITARY  DEPART- 
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MAPS 552 

OFFICERS  ON  DUTY  IN  OFFICE  OF  THE  CHIEF  OF  ENGINEERS. .  553 

FORTIFICATIONS,    ETC. 
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REPORT  OF  THE  BOARD  OF  ENGINEERS 657 

APPENDIX  No.  2. 
REPORT  OF  MAJ.  JOHN  G.  D.  KNIGHT,  CORPS  OF  ENGINEERS. 

P08T  of  Willets  Point,  N.  Y.,  563;  United  StatOH  Engineer  School,  565;  Battalion  of 
Engineers,  569;  Engineer  Depot,  570. 

APPENDIX  No.  3. 

LETTER  OF  BRIG.  GEN.  G.  L.  GILLESPIE,  U.  S.  VOLUNTEERS,  COLONEL, 
CORPS  OF  ENGINEERS,  COMMANDING  DEPARTMENT  OF  THE  EASr, 
UPON  THE  SUBJECT  OF  FORTRESS  COMMANDER 679 

APPENDIX  No.  4. 

FORTIFICATIONS,  INCLUDING  TORPEDO  DEFENSES.  FISCAL  YEAR  1897-98. 

A)  Coasts  of  Maine  and  New  Hampshire.  (In  the  charge  of  Maj.  R.  L.  Hoxie, 
Corp  of  Engineers. ) — 583. 

B)  Boston  Harbor,  Mass.  (In  the  charge  of  Col.  S.  M.  Mansfield,  Corps  of  Engi- 
neers. )^-'2. 

C)  SouTHKAST  Coast  of  Massachusetts  and  Rhode  Island,  at  New  Bkdfokd, 
Mass.,  and  Newport,  R.  I.  (In  the  charge  of  Maj.  D.  W.  Lock  wood,  Corps  of 
Engineers. ) — 601 . 

D)  Eastern  Entrance  to  Long  Island  Sound  and  Coast  of  Connecticut. 
(In  the  charge  of  Maj.  Smith  S.  Leach,  Corps  of  Engineers.)— 612. 

E)  New  York,  N.  Y.  (In  the  charge  of  Brig.  Greu.  William  Ludlow  (now  major- 
general),  U.  S.  Volunteers,  lieutenant-colonel,  Corps  of  Engineers;  Maj.  H.  M. 
Adams,  Corps  of  En<;ineerB,  and  Maj.  John  G.  D.  Knij^ht,  Corps  of  Engineers. ) — 624. 

F)  Delaware  River,  N.  J.,  Pa.  and  Del.  (In  the  charge  of  Lieut.  Col.  C.  W.- 
Raymond, Corps  of  Engineers.)— 637. 

0)  Baltimore,  Md.  (In  the  charge  of  Brig.  Gen.  Peter  C.  Hains,  U.  S.  Volunteers., 
colonel,  Corps  of  Engineers,  and  Lieut.  (Hiarles  W.  Kutz,  Corps  of  Engineers.)-^ 
658. 

H)  Washington,  D.  C.  (In  the  charge  of  Lieut.  Col.  Chas.  J.  Allen.  Corps  of  Engi- 
neers.)— 667. 

1)  Hampton  Roads^  Va.  (In  the  charge  of  Maj.  Thos.  L.  Casey,  Corps  of  Engi- 
neers.)— 679:  artesian  well,  Fort  Monroe,  687. 

J)  Coast  of  North  Carolina.  (In  the  charge  of  Capt.  W.  E.  Craighill,  Corps  of 
Engineers. )— 692. 

K)  Coast  of  South  Carolina.  (In  the  charge  of  Mig.  E.  H.  Ruifner,  Mi^.  Fred- 
eric V.  Abbot,  and  Lieut.  Edwin  R.  Stuart,  Corps  of  Engineers.) — 697. 

L)  Coast  of  Georgia  and  Cumberland  Sound,  Ga.  and  Fla.  (In  the  charge  of 
Capt.  O.  M.  Carter  and  Capt.  Cassius  E.  Gillette,  Corps  of  Engineers.) — 707. 

M)  East  and  Wkst  Coasts  of  FYorida.  (In  the  charge  of  Lieut.  Col.  W.  H.  H. 
Benyaurd,  Corps  of  Engineers.)— 716. 
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(N)  Kkt  Wkst,  Fi^.     (In  the  eharRe  of  Lient.  Col.  W.  U.  H.  BaaTkiinl  ana  Opt 

Cbule*  H.  UcKinatry,  Conis  of  Engineera. )— 720. 
(0)  Pkhbacoi^a.,  Fla..     (In  Ine  oharge  of  M^j,  F.  A.  MaliKn,  CoTp«  of  Eugjneeni.)— 

MissiseiTPi  Bound.    (Id  th»  ohargaof  Msj.  Wm.T.  Souell, 


(F)MOBILB,  Ai^.,  AND 
Corps  of  Engiunet*.)- 

((J)  Niw  Orleans,  La  , 
Qninn,  Corpa  of  Eugli 


(Id  the  ohATga  of  Ui^.  Jui 


«.)- 


(S)  Laek  Ports  in  New  Yokk.    (In  the  charge  of  Lieut.  Col.  A.  M.  Miller  and  Mi^. 

W.  8.  Stanton,  Corps  of  Engineers.)— 773. 
(T)  Sas  Diroo,  Cau     (In  the  charge  of  ilii.  ChM.  E.  L.  B.  Davii,  Corpa  of  Engl- 


775. 


{U)  San  Francibco,  Cal.  (Id  the  charge  of  Col.  Chu.  R.  Sntet,  M^J.  W.  H.  Hener, 
•oil  M^.  Ch>B.  E.  L.  B.  Davie,  Corps  of  Engineers.)— 779. 

(V)  UoJTTH  OF  Columbia  Kivbr.  (In  the  charge  of  Mi^.  W.  L.  Fiek,  Corps  of 
EDginears.  > — 797. 

(W)  PooBT  SocsD,  Wasb.  (In  the  charge  of  Capt. Harry  Taylor,  Corpa  of  Engi- 
neers )— 603. 

BIVEB8   AND    HABBOBS,   ETC. 

APPENDIX  A. 

REPORT  OF  MAJ.  B.  L.  HOXIE,  CORPS  OF  ENGINEERS. 

lupRovEMRNT^. — Lubec  Channel,  He.,  813;  Moosabec  Bar, Me.,  816;  Kurracna^s 
EiTST,  Ue.,  816;  breakwater  (rom  Mount  Desert  to  Porcupine  Island,  Bar  Harbor, 
He,  817;  harbor  at  .Siillivnns  Falls,  Me.,  81H;  Union  River,  Me.,  819;  Bagmluce 
KiTST,  M«.,  821 ;  Peiinbacot  R)ver,Me.,822;  harbor  at  Rockland,  Me.,  823;  Carvers 
BarboT,  Vinalhftven,  Ma.,  826;  Georges  River,  Me,,  827;  Kennebec  River,  Me.,  828; 
BauooamTer,  Me.,830;  Portland  Harbor,  Me.,  832;  )4eico  River,  Me., 834;  Cochcco 
Biver.N.  H.,  835:  harbor  of  refuge  at  Little  Harbor,  N.  H.,  837;  removing  sunken 
Tessela  or  oroft  ooatrncting  or  endangering  navigation,  838. 
SokVKTB.— Union  River,  Me.,  839;  Bogaduce  River,  Me.,  842. 

APPENDIX  B. 

REPORT  OF  COL.  8.  M.  HANSHELD,  CORPS  OF  ENGINEERS. 

iMPKOVKUKNra. — Newburyport  Harbor,  Mass.,  847;  Merrimoc  River,  Mass,  SSO; 
Powow  River,  Mass.,  851;  Essex  Uiver,  Mass.,  852;  harbor  of  refuge,  Sand;  Bay, 
Cape  Ann,  Mass.,  STtS;  harbor  at  Gloucester,  Msmh.,  SOB;  hnrbor  at  Mancbextsr,  Maan., 
8o9;  harbor  at  LyoD,  Miibh.,860;  -Mystic  sod  Maiden  rivers,  Mass..  862;  harbor  at 
Boston,  Maes.,  864 ;  Town  Hiver,  Mass.,  872 ;  Weymouth  River,  Ma»«.,  873 ;  harbor  at 
8cituate,MaM.,875;  harbor  at  Ply  month,  Maaa., 877:  harbor  atProvincetown,  Mass., 
879;  harbor  at  Chatham,  Mass.,  882;  removing  annkeD  veseela  or  oraft  obstrncting 
or  endangering  navirBtinn.  883. 

SUBVKYB.—Merrimac  River,  Mass.,  884;  Boston  Harbor,  Mass., 886. 

APPENDIX  0. 
EBPOET  OP  MAJ.  D.  W.  LOCKWOOD,  CORPS  OF  ENGINEERS. 

IxpsovKMENTS. — Harbor  of  refngeat  HvaDnis,  Mass.,  896;  harbor  of  refuge  at  Nan- 
tQckat,  Maas.,  898;  Vineyard  Haven  Harbor,  Mass.,  901;  Woods  Hole  Channel, 
Uaaa.,  WQ;  New  Bedford  Harbor,  Mass.,  906;  Canapitsit  Channel.  MB8B.,y06; 
Taunton  River,  Mass.,  910;  Sakonnet  River,  R.  I.,  911;  Pawtucket  Klver,  R.  L, 
913;  Providence  River  and  NarraganBctt  Bay,  R.  I.,  915;  Green  Jacket  Shoal, 
Providence  River,  S.I.,918;  Wickftrd  Harbor,  R.  I.,  919;  Newport  Harbor,  R.I., 
931;  harbor  of  refuge  at  Point  Judith,  K.  I.,  923 ;  entrance  to  Point  Judith  Pond, 
B.  1.,  harbor  of  refnge  at  Block  Island,  R.  I.,  926;  Great  Salt  Pond,  Block  Island, 
B.  I.,  929;  remorlng  sunken  vessels  or  craft  obstracting  or  endangering  nsvigft- 
tion,  931. 

Examinations  and  Sdrvrt. — Herring  Biver,  Harwich,  MaM.,932;  Salt  Pond,  Har- 
vic^  Haw.,  931;  inner  harbor  at  Point  Judith  Pond,  R.  I.,  93S. 
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APPENDIX  D. 

REPORT  OF  MAJ.  SMITII  8.  LEACH,  CORPS  OF  ENGINEERS. 

iMPROVSBfiBNTS.— Pawcatnck  River,  R.  I.  and  Conn.,  941 ;  harbor  of  refnge  at  Ston- 
ington,  Conn.,  944;  Mystic  River,  Conn.,  945 ;  Thames  River,  Conn.,  947;  Connecti- 
CQt  River  below  Hartford,  Conn.,  949;  harbor  of  refuge  at  Dnck  Island,  Conn., 
953;  New  Haven  Harbor,  Conn.,  955;  breakwaters  at  New  Haven,  Conn.,  958; 
Honsatonic  River,  Conn.,  959;  Bridgeport  Harbor,  Conn.,  961;  Sangatnck  River 
and  Westport  Harbor,  Conn.,  964;  Norwalk  Harbor,  Conn.,  966;  Five-mile  River 
Harbor,  Conn.,  968;  Stamford  Harbor,  Conn.,  970;  harbor  at  Cos  Cob  and  Mianus 
River,  Conn  ,  972;  Greenwich  Harbor,  Conn.,  974. 

SURViBTS. — Connecticat  River  between  Hartford,  Conn.,  and  Holyoke,  Mass.,  976; 
South  Norwalk  Harbor,  Conn.,  989. 

APPENDIX  B. 
REPORT  OF  MAJ.  H.  M.  ADAMS,  CORPS  OF  ENGINEERS. 

Ihprovembnts. — Port  Chester  Harbor,  N.  Y.,  993:  Mamaroneck  Harbor,  N.  Y.,995; 
East  Chester  Creek,  N.  Y.,  997;  Bronx  River,  N.  Y.,  999;  Mattitnck  Harbor,  N.  Y., 
1001;  Port  Jefferson  Harbor,  N.Y.,  1002;  Huntington  Harbor,  N.Y.,  1005;  Glen- 
oove  Harbor,  N.  Y.,  1007;  Flushing  Bay,  N.  Y.,  1008;  Patchoffue  River,  N.  Y.,  1010; 
Browns  Creek,  Sayville,  N.  Y.,  1012;  Canarsie  Bay,  N.  Y.,  1014;  Bay  Ridge  Chan- 
nel, the  triangular  area  between  Bay  Ridge  and  Red  Hook  channels,  and  Red 
Hook  and  Buttermilk  channels,  in  the  harbor  of  New  York,  1016;  Gowanns  Creek 
Channel,  New  York  Harbor,'  1020:  Newtown  Creek,  N.  Y.,  1022;  removing  sunken 
vessels  or  craft  obstructing  or  enaan^ering  navigation,  1025. 

Harbor  Links. — East  side  of  East  River,  Long  Island  City,  N.  Y.,  from  canal  of 
Devoe  Manufacturing  Company  to  Newtown  Creek,  1025;  Brooklyn  side  of  East 
River,  N.  Y.,  between  Hamilton  avenue  and  New  York  and  Brooklyn  Bridge,  1028. 

APPENDIX  F. 

REPORT  OF  MAJ.  H.  M.  ADAMS,  CORPS  OF  ENGINEERS. 

Improvements.— Harlem  River,  N.  Y.,  1031;  East  River  and  Hell  Gate,  N.  Y.,  1036; 
New  York  Harbor,  N.  Y.,1038;  removing  sunken  vessels  or  craft  obstructing  or 
endangering  navigation,  1041. 

APPENDIX  G. 

REPORT  OP  LIEUT.  COL.  A.  M.  MILLER,  CORPS  OP  ENGINEERS. 

Improvements.— Burlington  Harbor,  Yt.,  1043;  Otter  Creek,  Yt.,  1045;  Narrows  of 
Lake  Champlain,  N.  Y.  and  Vt.,  1046;  Hudson  River,  N.  Y.,  1047;  harbor  at  San- 

S:ertie6.  N.  Y.,  1056;  harbor  at  Rondont,  N.  Y.,  1057;  harbor  at  Peekskill,  N.  Y., 
058;  Passaic  River,  N.  J.,  1059;  channel  between  Staten  Island  and  New  Jersey, 
1060;  Elizabeth  River,  N.  J.,  1061;  Raritan  River,  N.  J.,  1062;  South  River,  N.  J., 
1064;  Raritan  Bay,  N.  J.,  1065;  Matawan  Creek,  N.  J.,  1066;  harbor  at  Keyport, 
N.  J.,  1067 ;  Shoal  Harbor  and  Compton  Creek,  N.  J.,  1068 ;  Shrewsburv  River,  N.  J., 
1069;  Manasqnan  River.  N.  J.,  1070;  removing  sunken  vessels  or  oran  obstructing 
or  endangering  navigation,  1072. 
Harbor  Lines. — East  shore  of  Hudson  River  in  front  of  city  of  Yonkers,  N.  T.,  1072. 

PART    II. 
APPENDIX  H. 

REPORT  OF  LIEUT.  COL.  C.  W.  RAYMOND,  CORPS  OF  ENGINEERa 

Improvements. — Delaware  River,  N.  J.  and  Pa.,  1075;  harbor  between  Philadel- 

£hia.  Pa.,  an'd  Camden,  N.  J.,  1085;  Schuylkill  River,  Pa.,  1089;  ice  harbor  at 
[arcnshook,  Pa.,  iron  pier  in  Delaware  Bay,  near  Lewes,  Del.,  1093;  Delaware 
Breakwater,  Del.,  1094;  harbor  of  refuge,  Delaware  Bay,  Del.,  1096;  Rancocas 
River,  N.  J.,  1097;  Alloway  Creek,  N.  J.,  1099;  Cooper  Creek,  N.  J.,  1100;  Qoshen 
Creek,  N.  J.,  1102;  removing  sunken  vessels  or  craft  obstructing  or  endangering 
navigation,  1104. 
Surveys. — Delaware  River  from  Philadelphia,  Pa.,  to  deep  water  in  Delaware  Bay, 
1105;  SehnylUll  River,  P*.,  1114;  Mantua  Creek,  N.  J.,  1122;  AbMOOB  Inlet,  N.  J., 
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IxnoVEHEVTS. — Wilmiu^^bin  Harbor,  Del.,  lliS;  Joe  harbor  at  Newoaatle,  Del., 
tppoqumimiiik  RLver,  Del.,  114.4;  Smjina  RJrer,  Del.,  1161 ;  Hiirderkill  River,  Del., 
\S'.;  UiBpillion   River,  Del,,  1154;  Broadkiin  Kiver,  Del.,  intftijil  waterway  from 


aiT«,Md.,'"ll6l;  Warwick  RiTer,  Md.,  1163;  Broad  Creek  River.  Del.,  1164; 
ticoU  RiTer.  Del.  and  Hd,  tl«S;  Wieomico  River,  Md.,  11A6;  Manolcin  River, 
Md., Pocomoke  River,  Md.,  1168:  Qneenstown  Harbor,  Md.,  1170;  Roi^khall  Harbor 
■sdmncr  harbor  »t  Rockhall,  Ud.,  1171;  removing  aunken  veweUnr  craft  obatmot^ 
ing  or  ftndangering  aftTigalion,  1172. 

APPENDIX  J. 

EEPOBT  OF  LIEUT.  CHARLES  W.  KUTZ,  CORPS  OF  ENGINEERS. 

iMnovmnDrrs. — Patapaoo  River  and  channel  to  Baltimore,  Hd.,  lt7B;  channel  to 
CortiB  Bay,  in  Patapsco  River,  Baltimore  Harlior,  Md.,  1180;  harbor  of  southwest 
Baltimore  (Sprini;  Ijardvn),  Hd.,  removing  snuken  veaaela  or  oraft  obatructiDg  or 
eDdugeiing  navigation,  1181. 

APPENDIX  K. 

KEPOBT  OF  LIEUT.  COL.  CHAB.  J.  ALLEH,  CORPS  OP  EHQINKEBS. 


V».,  1197;  Rappahannock  River,  Va,,  1198;  Urban*  Creek,  Va.,  1202;  York  Eiver, 
Vi.,  1203;  Mattaponi  River,  Va.,  1206;  Pamnnkey  River,Va.,  1208;  Jamea  River, V*., 
1209;  protection  of  JuunatoivD  Island,  Va.,  1219;  removing  aaaken  veMeU  or  oiaft 
obtBncting  or  endangering  navigation,  1221. 

APPENDIX  L. 
REPORT  OF  MAJ.  TH08.  L.  CASEY,  CORPS  OP  ENGINEERS. 
Ihprovemehts. — Harbor  at  Norfolk  and  fta  approachea,  Va.,  1223;  WcBtem  Braneli 
of  Elizabeth  River,  Va.,  12K;  Nanaemond  River,  Va,  1226;  Appomatti.i  River,  Va., 
1277;  harbor  at  Cape  Charles  City,  Va.,  Nandiia  Creek,  Va..  1229;  inland  water 
roatA  tram  Norfolk,  Va.,  to  Albemarle  Sonnd,  N.  C.  through  Currltixtk  Sound,  1230; 
BoanokeRiver,N.  C,  1232;  Pasquotank  River,  N.O..  1333;  removingaunken  vesaela 
<a  ctkA  obstraoting  or  endangering  navigation,  1234. 

APPENDIX  M. 
HEPOBT  OP  CAPT.  W.  E.  CBAIQHILL,  C0BP8  OP  ENQINEEE8. 

IxpROVxnMTS.— OencokeInIet,N.C.,123T;  FiahiiigCreek,N. C,  1239;  Pamllooand 
Tar  ritflTB,  N.  C,  1240;  Contentnia  Creek,  N.  C,  1243;  Trent  River,  N.  C,  1243; 
Ncnaa  River,  N.  C.,  UU6 ;  inland  waternay  between  Newbern  and  Beaufort,  N.  C, 
1246;  harbor  at  Beanfurt  N.  C,  1247;  inland  waterway  between  Bean  fort  Harbor 
aod  New  River,  N.  C,  1249:  New  River,  N.C.,  1250;  Black  I{lver,N.C.,  1251;  North 
EMt  (Cape  Fear)  River,  N.  C,  1252;  Cape  Fear  Biver  above  Wilmington,  K.  C, 
U&3;  Cap«  Fou  River  at  and  below  Wilmington,  N.  C,  1^5. 

APPENDIX  N. 

HEPOET  OF  MAJ.  B.  H.  BUKFNER,  CORPS  OP  ENGINEERS. 

bmtoviMXXTS. — Waooamaw  River,  N,  C.  and  S.  C,  1265;  Little  Pedee  Kiver,  8. C, 
1287;  Great  Podoo  River,  S.  C,  1269;  Winyah  Bay,  8.  C,  1272;  Santee  River, 
8.C.,  1275;  Wateroe  River,  8.  C,  1278;  Congaree  Biver,  8.  C,  1280;  Charleston 
Harbor,  incladiug  SnUivan  Island  and  Mount  Pleaeant  shore,  S.  C,  1283;  Wap- 
poo  Cot,  8.  C,  i^;  Beaufort  River,  8.  C,  1288. 
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APPENDIX  O. 

REPORT  OP  CAPT.  GASSIUS  E.  GILLETTE,  CORPS  OP  ENGINEERS. 

I M  PRO VEMRNTS.— Savannah  Harbor,  Ga.,  1291;  Savannah  River,  Ga.,  1299;  Savan- 
nah River  above  Au$raBta,  Ga.,  1301;  Darien  Harbor,  Ga.,  1303;  Altamaha  River, 
Ga.,  1306;  Oconee  River,  Ga.,  1308;  Oomalgee  River,  Ga.,  1310;  Bmuewick  Har- 
bor, Ga.,  1313;  inside  water  route  between  Savannah,  Ga.,  and  Fernandina,  Fla., 
1318;  removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation, 
1320. 

APPENDIX  P. 

REPORT  OF  LIEUT.  COL.  W.  H.  H.   BENYAURD,  CORPS  OP  ENGINEERS. 

Impbovements.— Cumberland  Sound,  Ga.  and  Fla.,  1323;  St.  Johns  River,  Fla.,  1327; 
Volusia  Bar,  Fla.,  1330;  Ocklawaha  River,  Fla.,  1331;  St.  Augustine  Harbor,  Fla., 
1332;  Indian  River,  Negro  Cut,  Jupiter  Inlet,  Fla.,  1333;  Caloosabatchee  River, 
Fla.y  1334;  Charlotte  Harbor  and  Pease  Creek,  Fla.,  1335;  Sarasota  Bay,  Fla., 
1337;  ManateeRiver,  Fla.,  1338;  Withlacooohee  River,  Fla.,  1340;  Suwanee  River, 
Fla.,  1341 ;  removing  sunken  vessels  or  craft  obstructing  or  endangering  naviga- 
tion, 1343. 

Surveys. — St.  Johns  River,  Pla.,  at  Orange  Mills  Flats,  below  Palatka,  1343;  St. 
Lncia  Inlet  and  River,  Fla.,  1348;  Hillsboro  Bay,  Fla.,  from  its  continence  with 
Tampa  Bay,  through  Hillsboro  Bay  and  River,  to  the  city  of  Tampa,  1357;  Anclote 
River,  Fla.,  1361;  Withlacoochee  River,  Fla.,  from  its  mouth  to  tbe  head  of  navi- 
gation, 1363. 

APPENDIX  Q. 

REPORT  OP  LIEUT.  CHARLES  H.  McKINSTRY,  CORPS  OP  ENGINEERS. 
Improvement. — Harbor  at  Key  West,  Fla.,  including  entrance  thereto,  1371. 

APPENDIX  B. 

REPORT  OF  MAJ.  P.  A.  MAHAN,  CORPS  OP  ENGINEERS. 

Improvements. — Carrabelle  Bar  and  Harbor,  Fla.,  1375;  A^alachicola  Bay,  Pla., 
1377;  Apalachicola  River,  the  Cut-off  and  lower  Chipola  River,  Fla.,  1381;  Flint 
River,  Ga.,  1383;  Chattahoochee  River,  Ga.  and  Ala.,  1387;  Choctawhatcbee 
River,  Fla.  and  Ala.,  1394;  Pensaoola  Harbor,  Fla.,  1397;  Escambia  and  Conecuh 
rivers,  Fla.  and  Ala.,  1403;  Alabama  River,  Ala.,  1405:  Coosa  River,  Ga.  and  Ala., 
1413;  operating  and  care  of  canals  and  other  works  or  navigation  on  Coosa  River, 
Ga.  and  Ala.,  1422. 

Examination.— Chipola  River,  Fla.,  from  Marianna  to  its  oonneotion  with  the 
Apalachicola  River,  1423. 

APPENDIX  8. 
REPORT  OF  MAJ.  WM.  T.  R0S8ELL,  CORPS  OP  ENGINEERS. 

Improvements. — Harbor  at  Mobile,  Ala.,  1425;  Black  Warrior  River,  Ala.,  from  Tus- 
caloosa to  Daniels  Creek,  1430;  operating  and  care  of  locks  and  dams  on  Black 
Warrior  River,  Ala.,  1431;  Warrior  and  Tombigbee  rivers,  Ala.  and  Miss.,  1434; 
Noxnbee  River,  Miss.,  1440;  Pascasonla  River,  Miss.,  1441;  Chiokasahay  River, 
MisH.,  Leaf  River,  Miss.,  1442;  Pearl  River,  below  Jackson,  Miss.,  1443;  Pearl  River 
between  Carthage  and  Jackson,  Miss.,  1444;  Pearl  River  between  Edinbnrg  and 
Carthage,  Bo<;ue  Chitto,  La.,  1445. 

Survey. — Canal  to  connect  Black  Warrior  River  and  Five-mile  Creek,  Ala.,  144& 

APPENDIX  T. 
REPORT  OF  MA.J.  JAMES  B.  QUINN,  CORPS  OF  ENGINEERS. 
Inspection  of  the  improvement  of  the  Sonth  Pass  of  the  Mississippi  River,  1447. 


CONTENTS.  XV 

REPORT  OF  MAJ.  JABiES  B.  QUINN,  CORPS  OF  ENGINEERS. 

Impboysmknts. — Chefancte  RivoT  and  Bogne  Falia,  La.,  1464;  Tickfaw  River  and 
tribataries,  La.,  1465;  Amite  River  and  Bayon  Manchae,  La.,  1467;  Bayou  Lafonrcho, 
La.,  1468;  Bayon  Plaqnemine,  Grand  River,  and  Pigeon  bayous,  La.,  1471;  Bayou 
Coortableau,  La..  1474 ;  Bayon  Teche,  La.,  1475;  cbanuel,  bay,  and  passes  of  Bayon 
Yermilion,  La.,  1477;  Meruientau  River  and  tributaries,  La.,  1478;  mouth  and 
pftsses  of  Calcanien  River,  La.,  1480;  harbor  at  Sabine  Pass,  Tex.,  1482;  Sabine 
River,  Tex.,  1485;  closing  crevasse  in  Pass  a  Loutre,  Mississippi  River,  1487; 
removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation,  1489. 

SrRVKY. — Homochitto  River,  Miss.,  1489. 

APPENDIX  V. 

REPORT  OP  MAJ.  JAMES  B.  QUINN,  CORPS  OF  ENGINEERS. 

IMPROVIEMKNTS. — Galvestou  Harbor,  Tex.,  1491;  ship  channel  in  Galveston  Bay, 
Tex.,  1505;  operating  and  care  of  Morgan  Canal,  Tex.,  channel  in  West  Galveston 
Bay,  Tex.,  1507;  Trinity  River,  Tex.,  1508;  Buffalo  Bayon,  Tex.,  1510;  Brazos 
River,  Tex..  1511. 

Surveys. — Month  of  Double  Bayon,  on  east  side  of  Galveston  Bay,  Tex.,  1512;  chan- 
nel from  month  of  jetties  at  Galveetton,  Tex.,  through  existing  ship  channel  and  up 
Buffalo  Bayou  to  Houston,  and  for  a  harbor  at  or  near  Houston,  1515;  character 
snd  value  of  improvements  made  at  the  Pass  of  Aransas,  Tex.,  by  the  Aransas  Pass 
Harbor  Company,  1527. 

Harbor  Lines. — Galveston  Harbor,  Tex.,  1571. 

APPENDIX  W. 

REPORT  OF  MAJ.  J.  H.  WILLARD,  CORPS  OF  ENGINEERS. 

Improyemsmts. — Red  River,  La.  and  Ark.,  1575;  Red  River  above  Fulton,  Ark., 
1588;  Cypress  Bayou,  Tex.  and  La.,  1589;  Oanchita  and  Black  rivers.  Ark.  and  La., 
15H4;  Bayou  Bartholomew,  La.  and  Ark.,  1613;  BoBuf  River,  La.,  1614;  Tensas  River 
and  Bayon  Ma';-on,  La.,  1616;  Yazoo  River,  Miss.,  1619;  month  of  Yazoo  River  and 
harbor  of  Vioksburg,  Miss.,  1625;  Tallahatchie  River,  Miss.,  1637;  Big  Sunflower 
River,  Miss.,  1638;  water  gauges  on  the  Mississippi  River  and  its  principal  tribn- 
taries,1642. 

APPENDIX  X. 

REPORT  OF  CAPT.  WM.  L.  SIBERT,  CORPS  OF  ENGINEERS. 

Impbovemknts. — Removing  obstructions  in  Arkansas  River,  Ark.  and  Kans.,  1647; 

improving  Arkansas  River,  Ark.,  1649;  White  River,  Ark.,  1665;  Black  River,  Ark. 

and  Mo.,  1669;  Current  River,  Ark.  and  Mo.,  1671;  St.  Franoia  River,  Ark.,  1673; 

St.  Francis  River,  Mo.,  1675. 
Surveys. — Arkansas  River  at  Dardanelle,  Ark.,  1676;  St.  Francis  River,  Ark.,  with 

view  to  afford ing  slack- water  navigation  up  to  Wittsburg,  and  to  Marianna  on 

L'Anguille  Rirer,  1678. 

PART   III. 
APPENDIX  T. 

REPORT  OF  MAJ.  THOS.  H.  HANDBURY,  CORPS  OF  ENGINEERS. 

Improvembkts. —Removing  snags  and  wrecks  from  Mississippi  River  below  month 
of  Mtssonri  River,  1687;  Mississippi  River  between  Ohio  and  Missouri  rivers, 
1698;  harbor  at  St.  Louis,  Mo.,  1730;  preventing  the  Mississippi  River  from  break- 
ing through  into  Cache  River  at  or  near  a  point  known  as  Beechridge,  a  few  miles 
above  Cairo,  111.,  1732. 

APPENDIX  Z. 
REPORT  OF  CAPT.  C.  McD.  T0WN8END,  CORPS  OF  ENGINEBR8. 

IxpBOVBMBNTS. — Operating  snag  boats  and  dredge  boats  on  Upper  Mississippi  River, 
1733;  Mississippi  River  between  month  of  Missouri  River  and  St.  Paul,  Minn., 
1743;  operating  and  care  of  Des  Moines  Rapids  Canal  and  Dry  Dock,  1794;  operat- 
ing and  care  of  Galena  River  improvement.  111.,  1802. 

Harbor  Likes. — Davenporiy  Jowa^  1805, 


a 
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APPENDIX  A  A. 

KEPORT  OP  MAJ.  PEEDERIC  V.  ABBOT,  CORPS  OF  ENGINEERS. 

iBfPROVBMRNTS. — ^MissisBippi  River  between  St.  Paul  and  Minneapolin,  Minn,  (oon- 
straotion  of  Look  and  Dam  No.  2),  1809;  construction  of  reservoirs  at  head  waters  of 
Mississippi  River,  1812;  operating;  and  care  of  reservoirs  at  head  waters  of  MiHsis- 
sippi  River,  1816;  Chippewa  River,  inclading  yellow  banks,  Wis.,  1821;  St.  Croix 
River,  Wis.  and  Minn.,  1823 ;  Minnesota  River,  Minn.,  1826 ;  Red  River  of  the  North, 
Minn.  andN.  Dak.,  1827;  ganging  Mississippi  River  at  or  near  St.  Paul,  Minn.,  1831. 

SuBVSY. — Big  Stone  Lake  and  Lake  Traverse,  Minn.,  for  reservoirs,  1834. 

APPENDIX  B  B. 

REPORT  OP  CAPT.  J.  C.  SANFORD,  CORPS  OP  ENGINEERS. 

Improvements. — Missouri  River  between  Stubbs  Ferry,  Mont.,  and  the  lower  limits 
of  Sioux  City,  Iowa,  1841;  improving  upper  Missouri  River  by  snagging,  1865; 
Telle wstone  River,  Mont,  and  N.  Dak.,  1866. 

APPENDIX  0  0. 

REPORT  OP  MAJ.  DAN  C.  KINGMAN,  CORPS  OF  ENGINEERS. 

Improvements.— Obion  River,  Tenn.,  1869;  Forked  Deer  and  Obion  rivers,  Tenn., 
1872;  Cumberland  River,  Tenn.  and  Ky.,  1875. 

APPENDIX  D  D. 

REPORT  OF  MAJ.  DAN  C.  KINGMAN,  CORPS  OP  ENGINEERS. 

IlfPROVBMENTS. — ^Tennessee  River  system,  1891;  Tennessee  River,  1892:  operatin*; 
and  care  of  Muscle  Shoals  Canal,  Tennessee  River,  1925;  French  Broaa  and  Little 
Pigeon  rivers,  Tenn.,  1937;  Clinch  River,  Tenn.  and  Ya.,  1943. 

APPENDIX  E  E. 

REPORT  OP  CAPT.  J.  G.  WARREN,  CORPS  OP  ENGINEERS. 

Improvements. — Falls  of  the  Ohio  River  at  Louisville,  Ky.,  1951;  operatincp  and 
care  of  Louisville  and  Portland  Canal,  Ky.,  1957;  Wabash  River,  Ind.  and  UK, 
1970;  operating  and  care  of  lock  and  dam  at  Grand  Rapids.  Wabash  River.  1983; 
White  Kiver,  Ind.,  1984;  Tradewater  River,  Ky.,  reconstruction  of  Look  No.  2, 
Green  River,  at  Rumsey,  Ky.,  Green  River,  Ky.,  above  month  of  Big  Barren  River 
(Lock  No.  5),  1985;  operating  and  care  of  locks  and  dams  on  Green  and  Barren 
rivers,  Ky.,  1993;  Rough  River,  Ky.,  200J;  operating  and  care  of  look  and  dam  in 
Rou^b  River,  Ky.,  2010;  Kentucky  River,  Ky.,  2012;  operating  and  keeping  in 
repair  the  seven  locks  and  dams  in  Kentucky  River,  Ky.,  2024. 

APPENDIX  F  F. 

REPORT  OP  MAJ.  W.  H.  BIXBY,  CORPS  OP  ENGINEERS. 

Improvements. — Ohio  River,  2042;  operating:  snag  boats  on  the  Ohio  River,  2070; 
operating  and  care  of  David  Island  Dam,  Ohio  Kiver,  near  Pittsburg,  Pa.,  2077 ; 
movable  dams  in  ')hio  River,  2080;  Muskingum  River,  Ohio^  2094;  operating  and 
oare  of  lotjks  and  dams  on  Muskingum  River,  Ohio,  2095  j  Little  Kanawha  Kiver, 
W  Va.,  2113;  operating  and  care  of  lock  and  dam  in  Little  Kanawha  River,  W. 
Ya.,  2115;  Great  Kanawha  River,  W.  Va.,  2118;  operating  and  care  of  locks 
and  dams  on  Great  Kanawha  River,  W.  Va.,  2129;  Elk  River,  W.  Va.,  2137; 
Gauley  River,  W.  Va.,  2138;  New  River,  Va.  and  W.  Va.,  Guyandotte  River,  W. 
Va.,  2140:  Big  Sandy  Kiver,  W.  Va.  and  Ky.,  2143:  operating  and  oare  of  lock  and 
dam  in  Big  Sandy  River,  W.  Va.  and  Ky..  2150;  Tug  Fork  of  Big  Sandy  River,  W. 
Va.  and  Ky.,  2152;  Levisa  Fork  of  Big  Sandy  River,  Ky.,  2155. 

Surveys. — Ohio  River,  from  Marietta,  Ohio,  to  Pittsburg,  Pa.,  preliminary  report, 
2157;  Big  Sandy  River,  including  Tag  Fork  and  Louisa  (Levisa)  Fork,  W.  Va.  and 
Ky.,  for  looks  and  dams,  2159. 
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APPENDIX  G  Q. 

REPORT  OF-MA.T.  CHAS.  F.  POWELL,  CORPS  OF  ENGINEERS. 

bipROVEMKNT.s. — Mononi^aLela  River,  W.  Va.,  2173;  operating  and  careof  lock.s  ami 
Jimson  Moiioii^uhela  Kiver,W.  Va.  and  Pa.,  2182;  Allegheny  River,  Pa.,  2202;  ccm- 
ttructioii  of  locks  atid  dams  at  Uerr  Island,  above  the  head  of  Six- ui lie  Island,  and 
It  Springdale,  Allegheny  River,  2206. 

SCKVEY.— For  remoN  al  of  dam  in  Upper  Allegheny  River,  near  Corydon,  Pa.,  and  of 
daniband  rapids  in  Couewango  Creek,  2211. 

APPENDIX  H  H. 

REPORT  OF  MAJ.  CLINTON  B.  SEARS,  CORPS  OF  ENGINEERS. 

Ij«pi!Ovements. — Harbor  at  Grand  Marnis,  Minn.,  2217;  harbor  at  Agate  Bay,  Minn., 
2220;  harbor  at  Dulnth,  Minn.,  and  Superior,  Wis.,  2223;  harbor  at  Ashland,  Wis., 
i'lO;  harbor  at  Clntouagon,  Mich.,  2242;  improvement  and  operating  and  careof 


gering  navigatioD,  2287 
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REPORT  OF  CAPT.  GEO.  A.  ZINN,  CORPS  OF  ENGINEERS. 

IxPBOVKMENTS. — Menoiniuee  Harbor,  Mich,  and  Wis.,  2289;  Menominee  River,  Mich, 
and  Wis.,  2291 ;  Oconto  Harbor,  Wis.,  22<)2;  Pi-nsankef?  Harbor,  Wis.,  2294;  CJreen 
Bay  Harbor,  Wis..  2295;  Sturgeon  Bay  and  Lake  Michi;;au  Ship  Canal,  WiH.,  2297; 
operating  and  care  of  Sturgeon  Bay  and  Lake  Michigan  Ship  Canal,  Wis..  2303; 
.Slargton  Bay  Canal  harbor  of  refuge,  Wis.,  2308;  Alinapee  Harbor,  Wis.,  2310; 
Kewaanee  Harbor,  W^is.,  2312;  Two  Rivers  Harbor,  Wis.,  2315;  Manitowoc  Harbor, 
Wis. 2316:  Shebo3'gau  Harbor,  Wis.,  2320;  Port  Washington  Harbor,  Wis.,  harbor 
of  refuge  at  Milwaukee,  Wis.,  2321;  Milwaukee  Harbor,  W' is.,  2325;  South  Mil- 
waukee Harbor,  Wi«.,  2328;  Racine  'Harbor,  Wis.,  2330;  .venosha  Harbor.  Wis., 
283;  Waukegan  Harbor,  111.,  2336;  F..x  Rivor,  Wis.,  2338 ;  operating  and  care  of 
loirks  and  dams  on  Fox  River,  Wis.,  2395. 

PART    IV. 
APPENDIX  J  J. 


REPORT  OF  MAJ.  W.  L.  MARSHALL,  COUPS  OK  ENCHNEERS. 

Improvements.— Chicago  Harbor,  111.,  2415;  Chicago  River,  111.,  2421;  Calumet  Har- 
bor, 111.,  2425;  Calumet  River,  111.  and  Ind.,  2430;  Illinois  River,  111.,  2436;  oper- 
ating and  care  of  Lagrange  and  Kanipsville  locks,  Illinois  River,  and  approaches 
thereto,  2442 ;  construction  of  Illinois  and  Mississippi  Canal,  2447;  operating  and 
care  of  Illinois  and  Mississippi  Canal — canal  around  lower  rapids  of  Rock  Kiver 
it  Milan,  HI.,  2486. 

APPENDIX  K  K. 

REPORT  OF  LIEUT.  COL.  G.  J.  LYDECKER,  CORPS  OF  EN(ilNEr:RS. 

Improvkmknts. — Michigan  City  Harbor,  Ind.,  2489;  St.  Joseph  Harbor,  Mich.,  2494; 
•St.  Joseph  River,  Mich.,  2499;  South  Haven  Harbor,  Mich.,  2r>01;  Saugatuck  Har- 
bor, Mich,  2504 ;  Kalamazoo  River,  Mich.,  harbor  at  Holland  (Black  Lake),  Mich., 
2506;  Grand  Haven  Harbor,  Mich.,  2.509;  Grand  River,  Mich.,  2511;  Muskc;iou 
Harbor,  Mich.,  2515;    White  Lake  Harbor,  Mich.,  2518;    Pentwater  Harbor,  Mich., 


SUKVEY.— Kalamazoo  Kiver,  Mich.,  from  Saugatuck  to  New  Richmond,  2537. 
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APPENDIX  L  L. 
REPORT  OF  LIEUT.  COL.  G.  J.  LYDECKER,  CORPS  OF  ENGINEERS. 

Improvements.— Ship  channel  connecting  waters  of  the  Great  Lakes  between  Chi- 
cago, Dnluthy   and   Buffalo,  2548;    St.  Marys  River  at  the  falls,   Mich.,  2554; 


2581 ;  harbor  of  refuge  at  Sandbeach,  Lake  Huron,  Mich.,  2583;  mouth  of  Black 
River,  Mich.,  2585;  Black  RiveratPort  Huron,  Mich., 2586;  Pine  River  Mich.,  2588; 
Belle  River,  Mich.,  2589;  St.  Clair  Flats  Canal,  Mich.,  2591;  operating  and  care  of 
St.  Clair  Flats  Canal,  Mich.,  2592 ;  Clinton  River,  Mich.,  2595 ;  Detroit  River,  Mich.> 
2597;  Rouge  River,  Mich.,  2598;  construction  of  turning  basin  in  Rouge  River, 
Mich.,  2599. 

St' iiVKYs.— Saginaw,  Shiawassee,  Bad,  and  Flint  rivers,  Mich.,  2600;  Saginaw  River, 
Mich.,  from  its  head  to  Saginaw  Bay,  2604;  Rouge  River,  Mich.,  from  Wabash 
Bridge  crossing  to  Maples  road,  2605. 

Haiibob  Links.— St.  Clair  River  at  Port  Huron,  Mich.,  2607. 

APPENDIX  M  M. 
REPORT  OF  COL.  JARED  A.  SMITH,  CORPS  OF  ENGINEERS. 

Improvements. — Monroe  Harbor,  Mich.,  2612;  Toledo  Harbor,  Ohio,  2614;  Port 
Clinton  Harbor,  Ohio,  2647;  Sandusky  Harbor,  Ohio,  2650;  Huron  Harbor,  Ohio, 
2653;  Vermilion  Harbor,  Ohio,  2656;  Black  River  (Lorain)  Harbor,  Ohio,  2658; 
Cleveland  Harbor,  Ohio,  2661;  Fairport  Harbor,  Ohio,  2676;  Ashtabula  Harbor, 
Ohio,  2679;  Conneaut  Harbor,  Ohio,  2683;  removing  sunken  vessels  or  craft 
obstructing  or  endangering  navigation,  2687. 

Surveys. — Monroe  Harbor,  Mich.,  2689;  straight  channel  in  Maumee  River  and  Bay, 
Ohio,  2693;  Starve  Island  Reef,  near  South  Bass  iHland,  in  Lake  Erie,  Ohio,  2705; 
bar  at  mouth  of  Sandusky  Harbor,  Ohio,  2708 ;  Black  River  (Lorain)  Harbor,  Ohio, 
2717;  breakwater  at  Cleveland  Harbor,  Ohio,  2724. 

Harbor  Line.— Sandusky  Harbor,  Ohio,  2733. 

APPENDIX  N  N. 
REPORT  OF  MAJ.  THOMAS  W.  SYMONS,  CORPS  OF  ENGINEERS. 

Improvements.— Erie  Harbor,  Pa.,  2737;  harbor  at  Dunkirk,  N.  Y.,  2748;  Buffalo 
Harbor,  N.  Y.,  2756;  Tonawanda  Harbor  and  Niagara  River,  N.  Y.,  2788;  Niagara 
River  from  Tonawanda  to  Port  Day,  N.  Y.,  2792 ;  Wilson  Harbor,  N.  Y.,  2795. 

APPENDIX  O  O. 

REPORT  OF  MAJ.  W.  S.  STANTON,  CORPS  OF  ENGINEERS. 

Improvements. — Harbor  at  Charlotte,  N.  Y.,  2799;  harbor  at  Great  S6dus  Bay,  N.  Y., 
2801 ;  harbor  at  Little  Sodus  Bay,  N.  Y.,  2804 ;  harbor  at  Oswego,  N.  Y.,  2806 :  harbor 
at  Sacketts  Harbor,  N.  Y.,  harbor  at  Cape  Vincent,  N.  Y.,  2809;  shoals  between 
Sister  Islands  and  Crossover  Light  and  between  Ogdensburg  and  the  foot  of  Lake 
Ontario,  St.  Lawrence  River,  N.  Y.,  2810;  harbor  at  Ogdensburg,  N.  Y.,  2812. 

APPENDIX  P  P. 

REPORT  OF  LIEUT.  COL.   HIRAM  M.   CHITTENDEN,  U.  S.  VOLUNTEERS, 

CAPTAIN,  CORPS  OF  ENGINEERS. 

Phbuminary  examination  of  reservoir  sites  in  Wyoming  and  Colorado,  2815. 

APPENDIX  Q  Q. 
REPORT  OF  COL.  CHAS.  R.  SUTER,  CORPS  OF  ENGINEERS. 

Survey  of  Shag  Rocks,  Aroh  Rock,  Blossom  Rock,  Two  Mission  Rooks,  and  Anits 
Rock,  San  Francisco  Harbor,  Cal.,  2923. 
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APPENDIX  R  E. 

REPORT  OF  MAJ.  CHAS.  E.  L.  B.  DAVIS,  CORPS  OP  ENGINEERS. 

Improvements. — San  Diego  Harbor,  Cal.,  2927;  deep-water  harbor  at  San  Pedro 
Bay,  Cal.,  2929;  Wilmington  Harbor,  Cai.,  2931;  San  Lais  Obispo  Harbor,  Cal., 
2932. 

APPENDIX  S  S. 

REPORT  OP  MAJ.  W.  H.  HEUER,  CORPS  OF  ENGINEERS. 

Improvsments.— Oakland  Harbor,  Cal.,  2935;  San  Joaqnin  River,  Cal.,  2938 ;  Moke- 
lanme  River.  Cal.,  2941;  Sacraineoto  and  Feather  Rivers,  Cal.,  2942;  Napa  River, 
Cal.,  294B;  PeUluuia  Creek,  Cal.,  2947;  Hnmboldt  Harbor  and  Bay,  Cal.,  2948. 

APPENDIX  T  T. 

REPORT  OP  MAJ.  W.  L.  FISK,  CORPS  OF  ENGINEERS. 

Improvements.— Port  Or  ford  Harbor,  Oreg.,  Coquille  River,  Oreg.,  2958;  Coqnille 
River,  Oreg.,  between  Co<iuille  and  Myrtle  Point,  2961;  entrance  to  Coos  Bay  and 
Harbor,  Oreg.,  2963;  harbor  at  Coos  Bay,  Oreo^.  (dredging),  Coos  River,  Oreg., 
2966;  Umpqna  River,  Oreg.,  2967;  month  of  Siuslaw  River,  Oreg.,  2970;  Alsea 
River,  Oreg.,  Vaqnina  Bay,  Oreg.,  2972;  Nestugga  Rivep,  Oreg.,  2975;  Tillamook 
Bay  and  Bar,  Oreg.,  2976;  Upper  Colombia  and  Snake  rivers,  Oreg.  and  Wash., 
2977;  Colombia  River  at  Three-mile  Rapids,  and  the  oonstrnction  and  equipment 
of  a  boat  railway  from  the  foot  of  The  Dalles  Rapids  to  the  head  of  Celilo  P'alls, 
2979;  canal  at  the  Cascades,  Columbia  River,  Oreg.,  2981;  operating  and  care  of 
caual  and  locks  at  the  Cascades  of  the  Columbia  River,  Oreg.,  2983;  Columbia 
River  between  Vancouver,  Wash.,  and  mouth  of  Willamette  River,  2987;  Clear- 
water River,  Idaho,  2989. 

Ejeaminatioxs  and  Surveys.— Umpqna  River,  bar  and  en  trance,  Oreg.,  2991;  Alsea 
River,  Oreg.,  from  head  of  tidewater  t**  Upper  Alsea  Valley,  2995;  Yaquiua  River, 
Oreg.,  from  the  town  of  Yaqnina  to  head  of  tide,  including  Big  Elk  River  to  Sunset 
Quarry,  2!:>97;  Siletz  River,  bar  and  entrance,  Ore<:.,  2998;  harbor  at  Cape  Look- 
out. Oreg.,  3001 ;  Port  Orford  Harbor,  Oreg.,  3003;  Tillamook  Bay,  bar  and  entrance, 
Oreg.,  3007;  Nehalem  River  (Bay),  Oreg.,  3009;  Snake  River,  Wash.,  3013. 

APPENDIX  U  U. 

REPORT  OF  MAJ.  W.  L.  FISK,  CORPS  OP  ENGINEERS 

Improvbments.— Willamette   River,    above    Portland,  and  Yamhill  River,  Oreg., 

3025;   Columbia  and    Lower  Willamette   rivers,   below  Portland,   Oreg.,  3031; 

Columbia  River,  below  Tongue  Point,  Orei;.,  3039 ;  month  of  Columbia  River,  Oreg. 

and  Wash.,  3040;  Cowlitz  River,  Wash.,  3041;  gauging  waters  of  Columbia  River, 

Oreg.  and  W^ash.,  3042. 
Examinations  and  Surveys.— Scappoose  Bay  and  Creek,  Oreg.,  3043;  Long  Tom 

River,  Oreg..  3045;  Santiam  River,  Oreg.,  3047;  Clatskanie  River,  Oreg.,  3049; 

Willamette  River,  opposite  Salem,  Oreg.,  3051 ;  Tualitin  River,  Oreg.,  3053. 

APPENDIX  V  y. 

REPORT  OP  CAPT.  HARRY  TAYLOR,  CORPS  OF  ENGINEERS. 

Improvements. — Willapa  River  and  Harbor,  Wash.,  3058;  Grays  Harbor  and  bar 
entrance.  Wash.,  3059;  Chehal is  River,  Wash.,  3064;  Pui^et  Sound  and  its  tribu- 
tary waters,  Wash.,  3066;  harbor  at  Olympia,  Wash.,  3070;  waterway  connecting 
Pnget  Souml  with  lakes  Union  and  Watihiugton,  3072;  Everett  Harbor,  Wash., 
3075;  Swinomish  Slough,  Wash.,  3076;  Kooteuai  River,  Idaho,  between  Bonnors 
Ferry  and  the  international  boundary  line,  3078;  Kootenai  River,  above  Jen- 
nings, Mont.,  3079;  Flathead  River,  Mont.,  3081. 

Examination  and  Surveys.— Neah  Bay,  Wash.,  3082;  mouth  of  Willapa  River  and 
MaUboat  Slough,  Wash.,  3088;  Quillayute  Harbor  and  River,  Wash.,  30»0; 
Deschutes  River  at  its  entrance  in  Olympia  Harbor,  Wash.,  3094;  mouth  of  Pu- 
yaliup  River,  Wash.,  3098;  Duwamish  River  and  its  tributaries.  Wash.,  3103; 
Skagit  River  from  its  mouth  to  the  town  of  8t  <lro.  Wash.,  3112;  Okanogan  River, 
Wa&.,  3121;  Peud  Oreille  River,  Idaho  and  Wash.,  3124. 
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APPENDIX  W  W. 

REPORT  OP  LIEUT.  COMMANDER  N.  J.  K.  PATCH,  U.  S.  NAVY. 
Supervision  of  the  harbor  of  New  York,  3131. 

PART   V. 
APPENDIX  X   X. 

REPORT  OF  THE  MISSISSIPPI  RIVER  COMMISSION. 

G.  L.  Gillespie,  brigadier-general,  U.  S.  Volunteers,  colonel,  Corps,  of  Enrineers, 
U.  S.  A.,  president;  Amos  Stickney,  lientenant- colonel,  Corps  of  Engineers,  U.  S.  A. ; 
Thomas  H.  Handljnry,  major.  Corps  of  Engineers,  U.  S.  A. ;  Mr.  Henry  L.  Marindin, 
assistant,  United  States  Coast  and  Geodetic  Survey;  Mr.  B.  M.  Harrod,  Mr.  Robert 
S.  Taylor,  and  Mr.  Henry  Flad,  Commissionera. 

Annual  Rkport  for  Fiscal  Year  ending  June  30,  1898,3137. 

Ai'PKNDix  1.— Report  of  Capt.  H.  E.  Waterman,  Corps  of  En<;ineers,  secretary  Mis- 
si^)sippi  River  Commission,  upon  operations  during  the  year  ending  May  31,  1898, 
3158;  (A)  laws  affecting  the  Mississippi  River  Commission,  (B)  specifications  for 
alterations  to  the  hydranlic  dredge  BeUit  and  for  construction  of  other  floating 
plant,  3181;  (C)  report  of  Asst.  Engineer  J.  A.  Ockerson  on  field  and  office  work 
pertaining  to  snrveys,  gauges,  discharge  work,  reduction  of  observations,  and 
mapping,  3214;  (D)  report  of  Asst.  Engineer  Thomas  Middleton  on  designing, 
construction,  andrepairof  plant,'3291;  (E)  report  of  Asst.  Engineer  C.  W.  Sturte- 
vant  on  dredging  operations  between  Cairo,  111.,  and  Head  of  Passes.  3310; 
(F)  report  of  Asst.  Engineer  C.  W.  Sturtevant  on  tests  of  U.  S.  dredge  Alpha,  3341. 

Api»kndix  2. — Report  of  Cant.  Mason  M.  Patrick,  Corps  of  Engineers,  npon  opera- 
tions in  First  and  Second  distriets,  3343;  report  of  Assistant  Engineer  W.  M.  Rees 
on  levee  construction  and  seepage,  3353;  report  of  Assistant  Engineer  Aug.  J. 
Nolty  on  care  of  and  repairs  to  plant,  and  construction  work  at  Hopefield  Bend, 
Ark.,  and  Memphis  Harbor,  Tenn.,  3357. 

AprF.NDix  3. — Report  of  Capt.  H.  C.  Newcomer,  Corps  of  Engineers,  upon  operations 
in  Third  district,  3370;  report  of  Assistant  Engineer  Arthur  Hider  on  construction 
M'ork,  repairs,  care  of  plant,  and  surveys,  3377;  report  of  Assistant  Engineer  J.  D. 
Van  Meter  on  operations  in  Lower  Yazoo  Levee  district,  north  of  Greenville,  Miss., 
33.S7;  report  of  Assistant  Engineer  H.  St.  L.  Coppce  on  operations  in  Lower  Yazoo 
Levee  district,  below  Greenville,  Miss.,  3391;  report  of  Assistant  Engineer  E.  C. 
Tollinj2:er  on  operations  in  Upper  Tensas  Levee  district  in  Arkansas,  3394;  report 
of  Assistant  Engineer  W.  S.  Brown  on  operations  in  Upper  Tensas  Levee  district 
in  Louisiana,  3397;  tables  relative  to  work  in  Lower  Yazoo  and  Upper  Tensas 
Levee  districts,  3399;  tables  showing  cost  of  levees  built  and  enlarged  by  the 
United  States,  3402. 

Appendix  4. — Report  of  Lieut.  Col.  George  McC.  Derby,  U.  S.  Volunteers,  captain, 
Corps  of  Engineers,  npon  operations  in  Fourth  district,  3414;  (A)  value  of  plant, 
(H)  commercial  statistics.  New  Orleans,  La.,  3437;  (C)  list  of  civilian  engineers. 
(D)  report  of  Assistant  Engineer  H.  S.  Douglas  on  harbors  at  Natchez,  Miss.,  and 
Vidalia,  La.,  3138;  (E)  report  of  Assistant  Engineer  H.  S.  Douglas  upon  operations 
at  the  Government  depot,  New  Orleans,  La.,  3443;  (F)  report  of  Assistant  Engi- 
neer A.  F.  WooUey,  jr.,  on  Atcliafalaya  and  Red  rivers,  La.,  3445;  (G)  report  of 
Assistant  Engineer  W.  J.  Hardee  on  levees  in  Fourth  district,  3449;  (H)  abstracts 
of  proposals,  3453;  (1)  list  of  contracts  in  force,  3458. 

PART   YI. 
APPENDIX  Y  Y. 

REPORT  OF  THE  MISSOURI  RIVER  COMMISSION. 

Amos  Sticknky,  lieutenant-colonel.  Corps  of  Engineers,  U.  S.  A.,  president;  Thos. 

II.  Handbury,  major.  Corps  of  Engineers,  U.  S.  A.;  W.  L.  Marshall,  major,  Corps 

of  Engineers,  V.  S.  A.;  Messrs.  G.  ('.  Broadhead  and  C.L.Chaffee,  Commisaionera. 
Annial  Report  for  Fiscal  Year  ending  June  30,  1898,  3459i 
ArPE.VDix  A. — Annual  report  on  surveys,  by  Assistant  Engineer  A..  H.  Blaisdell,  3483. 
Ari'KNDix  B. — Annual  report  on  gauges  and  phvsical  data,  by  Assistiint  Engineer 

A.  H.  Blaisdell,  318-1. 
Arr'ENDix  C— Annual  reports  on  commercial  statistics,  by  Assistant  Engineer  A.  H. 

Blaisdell,  3485. 
Ai*i  i:ni>ix  D. — Annnal  report  on  Omaha  Division,  bv  Division  Engineer  Sam'l  H. 

Yonge,  3496. 
ArrKXDix  E. — Annnal  report  on  local  works  below  Kansas  City,  Mo.,  by  Division 

Engineer  S.  Waters  Fox,  3512. 
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AppexdixF. — ^Annaal  report  on  Gasconade  Division,  by  Division  Engineer  S.  Waton 
Fox,  3527. 

Appexdix  6. — Notes  of  TJent.  Col.  Hiram  M.  Chittenden,  V.  S.  Volanteers.  captain, 
Corps  of  EngineerB,  on  Osage  and  Gasconade  rivers,  'S539;  annnal  report  of  Assiat- 
ut  Engineer  F.  B.  Maltby  apon  improvement  of  Osage  River.  3541. 

APPENDIX  Z  Z. 

REPORT  OF  THE  CALIFORXIA  DI^BRIS  COMMISSION. 

CnA«.  R.  StTER,  colonel;  Corps  of  Engineers,  U.  S.  A.,  president :  W.  H.  Hener, 
luajnr,  Corps  of  Engineers,  U.  S.  A.,  and  Herbert  Deakyne,  first  lientenant,  Corps 
of  Engineers,  U.  S.  A.,  Commhnoam. 

AxM'AL  Rkport  for  Fiscal  Tear  exdinq  Jviiie,  90, 1898,  3549. 

Appkndix  a. — Synopsis  of  applications  for  authority  to  mine,  with  action  taken 
thereon,  3552. 

MISCELLANEOUS. 
APPP:NDIX  AAA. 

BRIDGES  AT  WASHINGTON,  D.  C. 

(1)  .\xxrAi-  report  of  Lient.  Col.  Chas.  J.  Allen,  Corps  of  Eu>;:ineeni«  npon  repair 
of  Aqaedact  Bridge  across  Potomac  River,  3571 ;  (2)  report  of  Lieat.  Col.  Chas.  J. 
Allen,  Corps  of  Engineers,  upon  survey  for  a  memorial  bridge  across  Potomae 
River  from  the  Naval  Observatory'  grounds  to  the  Arlin^ou  estate,  Va.,  3573; 
(3)  report  of  Lieut.  CoL  Chas.  J.  Allen,  Corps  of  Engineers,  upon  survey  for  a 
bridge  across  the  Anacostia  River  on  the  line  with  MassachuHetts  avenne  extended 
eastward,  3598;  (4)  report  of  Col.  D.  D.  Gaillard,  U.  S.  Volunteers,  captain,  Corps  of 
Engineers,  npon  survey  for  a  stone  arch  bridge,  and  also  for  a  steel  bridge  with 
none  foundations,  over  Rock  Creek  ou  the  line  of  Massachusetts  avenue  extended, 
36(16. 

APPENDIX  B  B  B. 

REPORT  OF  COL.  THEO.  A.  BINGHAM,  U.  S.  ARMY. 

Maixtenanck  and  repair  of  Washington  Aqueduct,  3fi25;  increasing  the  water  sup- 
ply of  Washington,  D.  C,  3B58. 

APPENDIX  C  C  C. 

REPORT  OF  COL.  THEO.  A.  BINGHAM,  U.  S.  ARMY. 

Ikfkovement  and  care  of  pnblic  bnildiiigs  aud  grounds  in  the  District  of  Colnmbia, 
9661;  Washington  Monument.  :^667;  Departmental  telegraph  and  telephone  lines, 
3734,  3743;  monument  and  wharf  at  Wakefield,  Va.,  8738. 

APPENDIX  D  D  D. 

SURVEY  OF  NORTHERN  AND  NORTHWESTERN  LAKES. 

(1)  Report  of  Lieut.  Col.  G.  J.  Lydecker,  Corps  of  Engineers,  npon  snrveys,  IsRuinip 
of  charts,  etc.,  3745;  (2)  report  of  MaJ.  W.  S.  Stanton,  Corps  of  EiiLMueers,  on 
preservation  of  bench  marks  along  the  Erie  Canal,  3778;  (3)  water-level  observa- 
tions, 3779. 

APPENDIX  E  E  E. 

EXPLORATIONS  AND  SURVEYS  IN   MILITARY  DEPARTMENTS. 

(1)  Report  of  Maj.  J.  D.  Miley.  l.^.  S.  Volunteers,  first  lieutenant,  Second  Artillery, 
on  operations  in  the  Department  of  California,  3783;  (2)  report  ot  Lient.  John  B. 
Bonnet,  Seventh  Infantry,  on  operations  in  the  i  epartmcnt  of  the  Columbia,  3784. 
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APPENDIX  J  J. 


MPBOVEMENT  OF  CHICAGO  AND  CALUMET  HARBORS  AND  CHICAGO 
AND  ILLINOIS  RIVERS,  ILLINOIS,  AND  CALUMET  RIVER,  ILLINOIS  AND 
INDIANA;  ILLINOIS  AND  MISSISSIPPI  CANAL. 


RBPOBT  OF  MAJ.  W.  L.  MARSHALL,  CORPS  OF  ENGINEERS,  OFFICER  IN 
CHARGE,  FOR  THE  FISCAL  TEAR  ENDING  JUNE  SO,  1898,  WITH  OTHER 
DOCUMENTS  RELATING  TO  THE  WORKS. 

mPROVEMENTS. 


1.  Chicago  Harbor,  Illinois. 

2.  Chicago  River,  Illinoia. 

3.  Calumet  Harbor,  Illinois. 

4.  Calamet  River,  Illinois  and  Indiana. 

5.  Illinois  River,  Illinois. 

6.  Operating  and  care  of  Lagrange  and 

Kampsville  locks  and  dsana,  filinois 
Rivei. 


7.  Illinois  and  Mississippi  Canal. 

8.  Operating  and   care  of  Illinois  and 

Mississippi  Canal.    (Canal  aronnd 
lower  rapids  of  Rock  River,  lUinois.) 


United  States  Enoineeb  Office, 

Chicagoy  Illy  July  22y  1898. 

General:  I  have  the  honor  to  transmit  herewith  annual  reports 
upon  the  works  in  my  charge  for  the  fiscal  year  ending  Jnne  30, 1898, 
as  follows: 

•  •••••• 

Very  respectfully,  your  obedient  servant, 

W.  L.  Marshall, 
Major  J  Oorjfs  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  EngineerSy  U.  S.  A» 


J  J  I- 

IMPROVEMENT  OF  CHICAGO  HARBOR,  ILLINOIS. 

The  project  for  this  harbor  was  adopted  in  1870  and  modified  in  1878. 
By  act  of  July  3, 1896,  the  project  was  again  modified  to  indnde  dredg- 
ing Chicago  Eiver,  of  the  inner  harbor,  to  admit  passage  by  vessels 
di^wing  16  feet  of  water. 
The  project  of  1870,  as  modified  in  1878,  contemplated — 
(a)  The  formation  of  an  outer  harbor  or  basin  by  inclosing  a  portion 
of  liftke  Michigan  jnst  soath  of  and  a/^omiDg  the  entrance  to  the  river 
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for  the  purpose  of  increasing  the  harbor  facilities  of  Chicago  and  to 
give  relief  to  the  overcrowded  river. 

{b)  The  construction  of  an  exterior  breakwater  of  crib  work  filled 
with  stone  in  deep  water  in  Lake  Michigan  and  wholly  detached  from 
the  shore,  north  of  the  entrance  to  Chicago  Eiver,  to  shelter  the 
entrance  to  the  river  and  the  outer  harbor  from  northerly  storms  and 
to  form  a  harbor  of  refuge  at  the  southern  end  of  Lake  Michigan.  The 
project  also  included  the  maintenance  by  dredging  of  the  channel  at 
the  entrance  to  Chicago  Eiver  as  far  west  as  to  Pine  street,  and  the 
piers  so  far  as  they  project  beyond  the  existing  shore  line.  All  of  this 
project  has  been  completed  except  dredging  the  outer  harbor. 

(c)  Under  the  river  and  harbor  act  of  June  3,  1896,  the  Chicago 
Eiver,  which  is  the  inner  harbor,  has  been  directed  improved  for  vessels 
drawing  16  feet  of  water.  This  work  is  reported  upon  separately  as 
**  Improving  Chicago  Eiver,  Illinois." 

CONDITION  OF  THB  WORK  JUNE  30,  1898. 

Outer  basin. — This  basin  originally  covered  455  acres  of  the  area  of 
Lake  Michigan,  of  which  270  acres  lie  seaward  of  the  dock  line  estab- 
lished by  the  Secretary  of  War  September  22, 1890,  and  185  acres  west 
of  this  dock  line.  The  dock  line  is  about  1,300  feet  east  of  the  right  of 
way  of  the  Illinois  Central  Eailroad  and  2,000  feet  distant  from,  and 
parallel  to,  the  easterly  breakwater  of  the  basin. 

A  portion  of  the  outer  basin  was  dredged  prior  to  1887  to  a  depth  of 
16  feet,  by  the  United  States,  but  work  was  suspended  due  to  the  liti- 
gation over  the  ownership  of  the  submerged  lands  and  because  the 
harbor  was  not  and  could  not  be  used  for  its  intended  purposes. 

The  basin  beyond  the  dock  h'ne  is  gradually  filling  up  with  sand  and 
sediment,  until  its  available  depth  does  not  exceed  from  12  to  13  feet. 

The  litigation  is  now  practically  ended  so  far  as  the  ownership  of 
lands  is  concerned,  and  it  would  be  well  to  dredge  this  basin  to  20  feet 
depth. 

Under  authority  granted  by  the  Secretary  of  War  July  24, 1896,  a 
bulkhead  has  been  constructed  along  the  dock  line,  and  the  area 
shoreward  of  the  dock  line  is  now  being  filled  in  for  a  public  park. 

At  the  northern  end  of  the  basin  are  several  slips  and  docks  now  in 
possession  of  the  Illinois  Central  Eailroad  Company,  but  title  is  in  liti- 
gation. In  view  of  the  restricted  capacity  of  Chicago  Eiver  these  outer 
slips  and  docks  become  more  important  to  the  commerce  of  the  city, 
and  the  wisdom  of  dredging  the  outer  basin  to  20  feet  depth  becomes 
a])parent.  The  northern  part  is  now  in  use  for  commercial  purposes, 
and  the  entire  basin  would  be  useful  as  a  safe  roadstead  for  large 
vessels  if  dredged.    The  cost  of  this  dredging  is  estimated  at  $452,8^. 

The  piers  of  this  basin  are  now  in  good  condition. 

No  work  has  been  done  during  the  year  by  the  United  States  Gov- 
ernment in  this  basin  nor  on  the  breakwater  limiting  it. 

EXTEBIOB  BBEAKWATEB. 

This  work  is  situated  about  1  mile  north  of  the  entrance  to  Chicago 
Eiver,  which  it  shelters  against  northerly  storms.  The  breakwater  is 
5,413  feet  in  length,  30  feet  wide,  and  constructed  in  water  varying  from 
18  to  32  feet  in  depth.  All  of  it,  except  1,200  linear  feet,  which  is  on  a 
foundation  of  riprap  stone,  has  been  built  upon  the  natural  sand  and 
clay  bottom. 
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This  work  has  been  saccessful  and  well  sabserves  its  object.  It  was 
begon  in  1880  and  completed  in  1890.  This  breakwater  has  been  slightly 
damaged  by  a  vessel  running  into  it,  but  otherwise  is  in  good  condition. 

No  work  has  been  done  upon  it  during  the  year  and  probably  none 
will  be  required  for  several  years. 

ENTRANCE  TO  OHIOAGK)  RIVER. 

It  has  been  customary  for  the  United  States  to  maintain  the  channel 
between  the  piers  and  docks  at  the  entrance  of  Chicago  River  by  dredg- 
ing to  the  extent  required  by  vessels  of  the  dimensions  navigating 
Chicago  Biver  as  far  as  to  Bush  Street  Bridge,  and  the  improvement 
of  Chicago  Haibor  has  been  limited  inshore  by  this  bridge. 

During  the  past  fiscal  year  no  work  has  been  done  at  the  entrance  to 
Chicago  Biver.  A  bar  is  forming  just  south  of  the  entrance  which 
requires  about  15,000  cubic  yards  dredging. 

There  have  been  several  collisions  during  the  year,  named  in  the 
report  of  Asst.  Engineer  G.  A.  M.  Liljencrantz  hereto  attached,  by 
which  the  piers  at  the  entrance  of  the  harbor  have  been  damaged. 
Bequests  have  been  made  by  the  officer  in  charge  upon  the  owners  of 
the  colliding  vessels  to  repair  the  same,  and  the  requests  have  been 
acceded  to  and  the  repairs  made,  or  arrangements  made  to  repair  such 
injuries  without  expense  to  the  United  States,  as  indicated  by  the 
engineer  in  charge  of  the  harbor. 

PROPOSED  APPLICATION  OP  FUNDS  NOW  ON  HAND. 

It  is  proposed  to  apply  the  funds  on  hand  to  the  maintenance  of 
existing  work. 

A]»propriation9, 

By  ftcli  of"" 

July  11.  1870 $100,000.00 

March  3, 1871 100,000.00 

June  10, 1872 90,000.00 

March  3, 1873 90,000.00 

June  23, 1874 75,000.00 

March  3, 1875 78,000.00 

August  3, 1876 5,000.00 

June  18, 1878 75,000.00 

March  3. 1879 75,000.00 

June  14, 1880 145,000.00 

March  i  1881 150,000.00 

Augu8t2,1882 200,000.00 

Ju5r5, 1884 100,000.00 

Augu8t5,1886 75,000.00 

August  11, 1888 200,000.00 

September  19, 1890 100,000.00 

July,  131892 72,000.00 

August  18, 1894 80,000.00 

Total  appropriated 1,810,000.00 

Receired  from  all  other  sources  since  1870  (transfer  of  tug,  sales,  etc.).  630. 16 

Total 1,810,630.16 

Expenditures  to  June  30, 1898..... 1,801,233.96 

Balance  unexpended  June  30, 1898 9,396.20 

Money  statement 

July  1, 1897,  balance  unexpended $10,058.39 

June  30, 1898,  amount  expended  during  fiscal  year 662. 19 

July  1,1898,  balance  unexpended 9|886.20 

sua  98 ^162 
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COMMERCIAL  STATISTICS. 

Amonnt  of  revenae  collected  during  fiseal  year  1898,  $4;  179; 879.94. 

ArrivaU  and  ciearMMei  of  vesaeU,  Chicago  Harbor. 


Arrived. 

Cleared. 

Knmber. 

Tons. 

Number. 

Tons. 

Steam 

6,018 
1.816 

6,004.885 
684,020 

6,068 
1,823 

5. 061. 251 

Sail : 

664,567 

Total 

7.828 

6.638,405 

7,881 

6,725,818 

BeoHptt  and  shipmenU  by  Wee  at  Chicago,  during  calendar  year  1897* 


Seoeipta. 


Coal 

Iron,  Iron  ore,  and  nails. . .. . 

Flah 

Lumber,  wood,  etc 

Plonr,  aalt,  sngar,  and  sirap 

Cement,  plaster,  eto . ... 

Potatoes 

Green  flndt 

Coffee  and  tea 

Grain 

Lignors 

Oiland  paint 

Peas 

Misoellaneons  merchandise 

Total 


Tons. 


1,044,224 

104,876 

2,149 

1,068,285 

823,386 

128,036 

80.200 

84,245 

8,187 

100,670 

6,030 

7,004 

10. 148 

811,057 


4,103,577 


Shipments. 


Floor 

Grain 

Lead 

Lard 

Mesto 

Sngar  and  simp 

Coffee  and  tea 

Steel  rails 

Iron  and  nails 

Hay 

Coal 

OUandoUoake 

Misoellaneoos  merchandise 

Total 


Tons. 


151,798 

2,425,879 

122,080 

23,450 

8,472 

48.858 

2,612 

150 

0,818 

4,256 

631 

28.120 

225.058 


8,046,182 


CompariBone  of  receipts  and  shipmenU  for  five  calendar  years,  189S,  1894, 1895, 1896,  and 

1897. 


Year. 


Tons. 


1896 
1894 
1895 
1896 
1897 


7.968,963 
7.200,236 
7,205,942 
6, 347, 163 
7,149,759 


BXPOBT  OF  MB.  G.  A.  M.  LILJXNCBANTZ,  ASSISTANT  BNGDnCER. 

Chicago,  III.,  July  1, 1898, 

Major  :  I  hmye  the  honor  to  Bnbmit  herewith  m  report  on  operations  in  Chicago 
Harbor,  niinois,  daring  the  fiscal  year  ending  Jnne  30, 1898. 

There  was  no  contract  in  force  daring  the  year  for  any  work  of  improvement  in 
this  harbor,  and  no  work  was  done  by  l£e  United  States  Government. 

Several  mishaps  occurred  to  the  works  daring  the  past  year  by  way  of  vessels 
running  into  the  different  breakwaters  and  piers,  doing  more  or  less  damase  to 
these.  In  the  middle  of  the  month  of  August,  1897,  the  steamer  Lorain  L,  or  Chi- 
cago, ran  into  the  southerlv  breakwater,  but  the  damage  done  was  not  such  as  to 
require  repairs.  On  the  28th  of  the  same  month  the  passenger  steamer  City  of  Racine, 
of  the  Goodrich  Line,  Chicago,  ran  into  the  east  face  of  the  north  portion  of  the 
easterly  breakwater,  doing  considerable  damage.  Not  less  than  twelve  courses  of 
the  side  timbers  were  broken  to  pieces.  The  damage  was  repaired  by  the  vessel 
owners,  and  this  work  was  Inspected  and  accepted  on  the  27th  of  September  follow- 
ing. On  the  21st  of  this  same  month  the  steamer  City  of  Fremont,  of  the  Hurson 
Transportation  Company,  ran  into  the  southwest  comer  of  the  North  Pier,  breaking 
the  side  timbers  in  all  of  the  eisht  courses  of  the  superstructure.  This  damage  was 
repaired  by  the  placing  of  halfinoh  thick  plates  oi  boiler  iron  around  the  comer. 
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the  said  plates  being  aecnred  to  the  work  by  sorew  bolts  passing  through  the  side 
tiinbera  and  into  uprights  inside  of  the  wall.  The  work  of  repairs  was  inspected 
sad  approYed  on  the  8th  of  NoTember,  1897. 

On  ine  17th  of  April  the  steamer  Simon  J.  Murphy,  of  Greenbay,  Wis.,  ran  into 
the  soath  face  of  the  North  Pier  about  260  feet  from  tne  east  end,  breaking  the  side 
timbers  of  the  ten  upper  courses  on  that  side  of  the  pier  and  even  some  on  the  oppo- 
lite  or  north  side  of  it.  The  owners  of  the  Tessel  caused  the  damage  to  be  repaired, 
which  work  was  inspected  and  approved  on  the  17th  of  June  last. 

On  the  28th  of  May  the  steamer  German  ran  into  the  South  Pier  at  a  point  about 
500  feet  west  af  the  U.  S.  Life  Savins  Station  and  did  some  damage,  though  slight, 
to  the  top  timbers.  On  the  27th  of  June  the  whalebaok  Christopher  Columbus  ran 
into  the  same  pier  about  100  feet  east  of  the  place  last  referred  to  and  broke  the  top 
side  timber.    Both  the  damages  Just  alluded  to  have  now  been  repaired. 

The  steam  barge  Edwin  S.  Tice.  of  Milwaukee,  Wis.,  ran  into  tne  North  Pier  at  a 
point  180  feet  from  its  outer  end  on  the  29th  of  July,  1896,  breaking  all  the  side 
timbers  above  the  water  level.  This  has  not  yet  been  repaired,  but  the  owners, 
lately  reminded  of  the  ne<?lect,  have  notified  this  office  that  preparations  are  on  foot 
for  the  speedy  execution  of  this  work. 

On  the  28th  of  June  I  made  an  examination  of  the  harbor  entrance  and  up  the 
ri^er  from  the  lake  to  Rush  Street  Bridge.  The  river  channel  was  found  to  be  uni- 
formly in  good  condition,  with  nowhere  less  than  18  feet  in  depth  in  the  main 
channel,  but  generally  from  19  to  20  feet,  and  even  more.  In  the  lake,  however,  at 
the  immediate  approach  and  to  the  south  of  the  entrance,  a  bar  has  formed,  as  indi- 
cated on  the  sketch  submitted  herewith.  Over  a  portion  of  this  bar  there  is  only 
from  15  to  17  feet  depth  of  water,  and  heavily  laden  vessels  about  to  enter  the  harbor 
from  the  southward  are  liable  to  ground  on  it.  The  removal  of  about  10,000  cubic 
yards  of  dredged  material  would  much  improve  the  condition  here.  The  outer  basin 
was  also  examined  on  the  same  day,  and  the  soundings  on  the  sketch  just  referred  to 
ahow  the  result  of  this  examination. 

Based  on  these  soundings  an  estimate  of  cost  of  deepening  the  basin  was  made,  as 
follows: 

For  dredging  the  area  limited  by  the  easterly  breakwater  in  the  east,  the  Lake 
Front  Park  bulkhead  in  the  west,  the  South  Pier  and  Illinois  Central  Railroad 
Company's  wharf  in  the  north,  and  the  southerly  breakwater  in  the  south,  and  to 
within  &0  feet  of  the  several  piers  mentioned,  to  a  uniform  depth  of  18  feet  below 
Chicago  City  datum  or  20  feet  below  mean  lake  level.    This  will  require — 

2,068,900  cubic  yards,  at  20  cents  per  cubic  yard $411,660 

Add  10  per  cent  for  contingencies,  etc 41,166 

Total  cost 452,826 

The  figures  in  the  above  estimate  is  based  on  scow  measurements. 

No  work  is  contemplated  fur  the  year  ending  June  30,  1899,  save  the  reading  of 
the  water  gauge  and  the  proper  care  of  United  States  property. 

A  table,  intended  as  an  aid  in  the  rapid  preparation  of  estimates  of  cost  of  crib 
work  and  of  the  amount  of  materials  required  therein,  according  to  the  types  shown 
in  the  report  for  1896,  was  submitted  last  year,  but  was  not  printed  in  the  report. 
Ab.  however,  the  explanation  of  the  table  was  allowed  to  remain  in  the  report,  it  is 
helieved  that  the  omission  of  the  table  was  accidental,  and  it  is  therefore  again  sub- 
mitted with  this  report. 

I  am,  Mi^or,  very  respectfully,  your  obedient  servant, 

G.   A.  M.  LiLJENCRAXTZ, 

Assistant  Engineer, 
l^j.  W.  L.  Marshall, 

Corps  of  Engineers,  U,  8,  Am 
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Means  of  tridaily  readings  of  the  gauge  at  Chicago  Harbor,  Illinoie,  1897 

[Plane  of  reference:  Low  water  of  1847.] 
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Dmj. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nor. 

Dec 

1 

-4.80 
—1.00 
—0.53 
—1.03 
—0.84 
—0.83 
—0.70 
—0.67 
— L13 
—1.17 
-4.83 
—0.43 
—0.70 
—0.67 
—0.90 
—0.73 
—0.60 
—0.90 
—0.63 
—a  80 
—0.63 
-4».93 
-0.67 
—0.70 
-0.87 
—1.23 
—0.93 
-0.67 
-0.73 
-0.77 
-0.77 

—0.60 
—0.50 
r-0.63 
—0.63 
—0.70 
—0.57 
—0.77 
—0.63 
-0.67 
—0.83 
—0.57 
-0.47 
—0.80 
—0.60 
-0.97 
-0.90 
—0.93 
-1.07 
—0.83 
—0.97 
—0.63 
-0.37 
—0.83 
—1.27 
—0.63 
—0.63 
-L07 
-0.67 

—0.80 
—0.50 
—0.67 
—0.93 
—0.80 
-0.23 
—0.50 
—0.90 
—0.63 
—0.93 
—0.70 
—0.37 
—0.20 
-0.37 
-O.70 
-0.60 
—0.60 
-0.73 
—0.33 
—0.57 
—0.77 
—0.43 
-0.17 
-0.10 
—0.47 
-0.40 
-0.33 
-0.40 
—0.83 
—0.23 
-0.17 

0.03 
-0.33 
—0.10 
—0.30 
—0.47 
—0.20 
—0.37 
—0.10 
—0.23 
—0.33 
-0.20 
—0.20 
—0.37 
—0.17 
—0.27 
0.23 
—0.07 
—0.87 
—0.40 
—0.00 
-0.47 
-0.56 
-0.63 
—0.37 
—0.47 
—0.20 
—0.30 
0.00 
0.70 
0.70 

0.40 
0.60 
0.37 
0.07 
0.03 
0.27 
0.33 
0.20 
0.10 
—0.03 
0.23 
0.10 
0.23 
0.23 
0.17 
0.10 
0.13 
0.07 
0.23 
0.30 
0.47 
0.17 
0.20 
0.37 
0.43 
0.53 
0.43 
0.37 
0.30 
0.33 
0.13 

0.40 
0.60 
0.53 
0.27 
0.47 
0.37 
0.37 
0.40 
0.60 
0.43 
0.63 
0.30 
0.43 
0.33 
0.40 
0.47 
0.40 
0.60 
0.67 
0.67 
0.47 
0.43 
0.40 
0.73 
0.47 
0.37 
0.47 
0.73 
0.63 
0.47 

0.77 
0.60 
0.50 
0.43 
0.40 
0.60 
0.60 
0.67 
0.37 
0.63 
0.77 
0.87 
1.00 
0.70 
0.60 
0.77 
0.77 
0.70 
0.70 
0.70 
0.67 
0.57 
0.60 
0.63 
0.60 
0.83 
0.87 
0.70 
0.87 
0.70 
0.67 

0.70 
0.93 
0.83 
1.00 
0.93 
0.80 
0.87 
0.80 
0.90 
0.93 
0.80 
0.80 
0.67 
0.47 
0.67 
0.73 
0.47 
0.60 
0.83 
0.57 
0.43 
0.67 
0.73 
0.60 
0.57 
0.57 
0.60 
0.48 
0.40 
0.23 
0.43 

0.80 
0.43 
0.40 
0.30 
0.33 
0.40 
0.50 
0  43 
0.38 
0.30 
0.73 
0.47 
0.40 
0.43 
0.47 
0.63 
0.47 
0.13 
0.73 
0.70 
0.00 
0.37 
0.50 
0.37 
0.27 
0.67 
0.40 
0.20 
0.07 
0.07 

0.27 

0.40 

0.17 

0.07 

—0.10 

0.00 

0.47 

—0.23 

0.30 

0.13 

-0.03 

—0.20 

—0.03 

-0.13 

-0.13 

0.47 

0.33 

0.13 

0.23 

0.23 

0.23 

0.27 

—0.03 

0.20 

0.27 

0.13 

0.17 

0.17 

—0.07 

0.17 

0.33 

0.83 

0.57 

—0.03 

—0.20 

—0.43 

—0.18 

—0.43 

0.27 

0.40 

—0.53 

0.17 

—0.37 

—0.40 

—0.23 

0.27 

—0.20 

—0.33 

—0.13 

-0. 13 

—0.30 

0.37 

0.20 

—0.33 

—0.50 

0.40 

0.80 

-0.23 

—0.10 

—0.10 

-0.77 

0  30 

2 

0  27 

3 

0  10 

4 

0  10 

5 

0  10 

6 

7 

—1.00 
—0.53 

8 

—0.37 

9 

—0.43 

10 

—0.48 

11 

—0.13 

12 

—0.20 

13 

14 

0.20 
0.10 

15 

—0.13 

16 

—0.57 

17 

—0.47 

18 

19 

—0.66 
—0.20 

—0.33 

21 

—0.47 

—0.87 

23 

—0.37 

—0.53 

25 

—0.70 
—0.70 

27 

—0.60 

28 

29 

—0.83 
—0.77 

—0.53 

n 

—0.10 

Means... 

-0.8D 

-0.70 

-0.61 

-0.23 

0.25 

0.48 

0.67 

0.67 

0.39 

0.14 

—0.08 

—0.87 

J  J  2. 

IMPROVEMENT  OF  CHICAGO  RIVER,  ILLINOIS. 

This  river  constitutes  the  inner  harbor  of  Chicago,  HI.  Its  navigable 
parts  lie  wholly  within  the  city  limits  of  Ohicago. 

In  the  Annnal  Report  of  the  Chief  of  Engineers  for  1893,  page  2974, 
may  be  found  a  full  report  upon  this  stream  and  its  needed  improve- 
ment, and  in  his  Annual  Report  for  1897,  page  2793,  a  history  of  the 
improvement  and  some  detailed  information  as  to  the  obstructions  to 
navigation  existing  along  its  channels. 

The  present  project  was  adopted  by  Congress  in  the  river  and  harbor 
act  of  Jane  3, 1896,  and  modified  by  the  sundry  civil  act  of  June  4, 
1897.  It  contemplates  dredging  the  river  and  its  branches  from  the 
mouth  of  the  river  to  the  Stock  Yards  on  the  South  Branch  and  to 
Belmont  avenue  on  the  North  Branch,  as  far  as  may  be  admitted  by 
existing  docks  and  wharves  to  allow  passage  by  vessels  drawing  16 
feet  of  wat^;  also  to  acquire  title  to  and  cut  away  certain  obstructive 
bends  and  projecting  docks  that  narrow  and  obstruct  the  channel. 

OONDITION  OP  THE  WORK  JUNE  30,  1898. 

At  the  close  of  the  fiscal  year  ending  June  30,  1897,  the  work  of 
dredging  was  in  progress  on  the  South  Branch,  under  contract,  dated 
November  6, 1896,  with  Green's  Dredging  Company,  and  258,966  cubic 
yards  had  been  removed  under  this  contract;  and  on  the  North  Branch, 
tinder  contract  of  same  dato  with  the  Lydon  &  Drews  Company, 
248,610  cubic  yards  had  been  dredged  under  this  contract 
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During  the  past  fiscal  year  these  contracts  have  been  in  force,  and 
under  them  there  have  been  removed: 

Cnbio  ywdt. 

From  the  South  Branch 344,426.3 

From  the  North  Branch 509,925.7 

Making  a  total  dredged  during  the  year 854,352.0 

The  dredging  to  17  feet  was  carried  from  the  mouth  of  the  river  to 
the  Stock  Yards,  on  the  South  Branch,  and  under  the  terms  of  the  con- 
tract redredged  or  "  cleaned  up  "  and  accepted  from  the  Stock  Yards  to 
Adams  Street  Bridge.    This  contract  will  be  completed  in  July,  1898. 

On  the  North  Branch  dredging  has  been  carried  from  the  forks  of 
the  river  to  Fullerton  avenue,  but  no  part  of  this  channel  has  been 
redredged.  It  is  probable  that  this  work  will  not  be  completed  the 
present  season,  as  far  as  the  final  cleaning  up  is  concerned,  but  it  is 
expected  to  complete  the  primary  dredging  throughout  the  full  extent 
of  the  project. 

It  must,  be  remembered  that  the  preliminary  estimates  of  quantities 
to  be  dredged  under  these  contracts  were  based  on  surveys  made  in 
1889-90  by  this  office,  and  in  1892  by  the  Chicago  drainage  authorities. 
The  river  is  an  open  sewer,  into  which  is  cast  the  waste  from  a  popula- 
lation  of  about  one  and  a  quarter  million  people,  or  two-thirds  the 
population  of  the  city,  and  all  tbe  solids  washed  from  streets,  tanneries, 
slaughter-houses,  and  filth-producing  manufacturing  establishments 
along  its  banks. 

The  daily  deposits  will  probably  average  in  excess  of  1,000  cubic  yards, 
even  after  the  matter  in  suspension  is  to  a  large  extent  carried  off  by 
the  Illinois  and  Michigan  Canal.  To  this  extent,  then,  we  may  expect 
our  dredging  to  be  constantly  increased  while  the  contracts  are  in  opera- 
tion, and  to  this  extent  will  the  quantities  named  in  the  contracts  as 
the  approximate  amounts  be  found  deficient. 

The  original  project  contemplated  only  the  obtaining  of  the  depth 
stated  throughout  the  limits  specified,  and  that  thereafter  the  city  of 
Chicago  would  maintain  these  dimensions  by  removing  the  filth  it  casts 
into  the  stream  for  its  own  convenience.  There  will  be  required  con- 
stant dredging  by  one  dredge  in  each  branch  to  maintain  the  channels, 
or,  say,  an  appropriation  of  $35,000  to  $50,000  per  annum  to  maintain 
the  channels.  If  this  annual  dredging  is  not  done,  the  resulte  of  the 
work  now  nearing  completion  will  have  disa])i)eared  in  four  years.  It 
is  evident  that  the  use  of  the  river  as  an  outfall  and  receptacle  for  city 
sewage  and  filth  should  be  prohibited  or  means  be  found  to  compel  the 
removal  of  this  material  so  cast  into  navigable  streams  at  the  expense 
of  the  community  responsible  for  it. 

WIDENING  OF  THE  BFVEB. 

Prior  to  the  passage  of  the  sundry  civil  act  of  July  1, 1898,  no  money 
was  available  to  pay  expenses  of  acquiring  title  to  lands  needed  for 
widening  the  river  at  certain  points  under  the  adopted  project,  but 
much  preliminary  work  has  been  done,  viz:  Maps,  plati^,  and  descrip- 
tions of  all  lots  of  land  required  have  been  made,  areas  computed,  and 
forms  of  proposals  for  purchase  and  sale  made  out  and  printed.  The 
general  project,  showing  approximately  the  lots  required  and  the  esti- 
mated cost  of  the  same^  has  been  approved  by  the  Secretary  of  War. 
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PBOPOSED    APPLICATION    OF    YXTSTDB   ON    HAND    AND    THOSE   ASKED 

FOB  FISOAL  YEAB  ENDING  JUNE  30,  1900. 

It  is  proposed  to  continue  the  work  under  contracts  now  in  force  to 
oompletioD;  to  secure  title  as  rapidly  as  practicable  to  the  pieces  of 
land  required  for  rectifying  the  channel  under  the  approved  project, 
and  to  put  this  work  under  contract  as  far  as  x>erniissible  under  the 
laws  of  the  United  States.  The  acquisition  of  title  will  be  a  long 
process. 

Much  of  the  delay  will  result  firom  the  fact  that  the  improvement  is 
evidently  not  worth  the  property  taken  from  the  men  seeking  the 
improvement,  who,  as  far  as  ascertained,  will  demand  full  damages  as 
well  as  vidues  for  plats  taken.  On  the  Oalumet  Eiver  a  free  right  of 
way  was  a  prerequisite  to  the  expenditure  of  money;  on  the  Chicago 
Biver  this  right  must  be  condemned  and  paid  for,  although  as  far  as 
immediate  benefits  are  concerned  they  are  exclusively  for  the  advantage 
of  the  riparian  owners  of  property,  as  there  are  no  public  landings  or 
docks  along  this  river. 

If  of  the  importance  alleged  and  insisted  upon,  the  improvement 
ooold  rapidly  be  secured  by  providing  a  right  of  way,  as  was  done  along 
the  Galomet  Biver  prior  to  1889. 

ApprapriatUmM, 

Aet  June  3, 1896 $50,000.00 

Sundry  civil  act  June  4, 1897 113,000.00 

Sundry  civil  act  Jnly  1, 1898 400,000.00 

Total 563,000.00 

Expeoditares  to  June  30, 1898  (exclusive  of  $25, 000  allotted  from  appro- 
pziation  for  Chicago  Harbor  of  August  17, 1894) 112, 126.70 

Balance  unexpended  July  1, 1898 450,873.30 

Money  statement. 

July  1, 1897,  balance  unexpended $138,524.79 

Amount  appropriated  by  sundry  civil  act  approved  July  1, 1898 400, 000. 00 

538,524.79 
June  30, 1898,  amount  expended  during  fiscal  year 87, 651.49 

Jnly  ly  1898, balance  unexpended 450,873.30 

Joly  1, 1898,  amount  coveted  by  uncompleted  contracts 41, 355.68 

July  1, 1898, balance  available 409,517.62 

{Amount  (estimated)  required  for  completion  of  existing  project 137, 000. 00 
Amount  that  can  be  profitably  expended  in  fiscal  year  encUng  June  30,1900  137, 000. 00 
Submitted  in  compliance  with  requirements  of  section  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


IM  of  eantraeUfar  improving  Chieago  Bivor,  Illinaii,  im  force  duriwg  fleeal  gear  mdiwg 

JwM  SO,  1898. 


Name  and  addresB  of  oontraotor. 


Onm't  Dredging  Co.,  Chicago,  HI. . . 
Lfitm  4t  Draws  Co.,  Chicago,Ill .... 


ITatitre  of  oontnust. 


Dredging  main  river  and  Sooth 

Branch. 
Dredging  UTorth  Braneih 


Date. 


Vov.  S.18B6 
do... 


Toezplrs. 


ITov.  80, 
Do. 
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bbport  of  mr.  q.  ▲.  m.  uljencrantz,  assistant  engineer. 

United  States  Engineer  Office, 

Chicago,  III.,  July  f,  1898, 

Major:  I  have  the  honor  to  submit  herewith  a  report  on  operations  in  Chicago 
River,  Illinois,  daring  the  year  ending  June  30, 1898. 

Two  contracts  have  been  in  force  daring  the  year,  viz,  with  the  Green's  Dredging 
Company,  for  work  in  tiie  Main  and  South  branches  to  the  Stock  Yards,  and  with 
the  Lydon  &  Drews  Company,  for  work  in  the  North  Branch  to  Belmont  avenue. 
Both  the  contracts  were  dated  Novembers,  1896,  and  both  the  contractors  are  of  Chi- 
cago, 111.  The  work  under  each  of  the  con^cts  consists  in  deepening  the  channel 
to  17  feet  below  low  water  and  to  within  15  feet  of  existing  docks. 

WORK  DONE  DURINO  THE  TEAR. 

A.  In  ih€  Main  and  South  hranohes,^At  the  close  of  the  fiscal  year  1897  the  chan- 
nel was  improved  to  Ashland  avenue  in  the  West  Fork  of  the  South  Branch  and  to 
Thirty-third  street  in  the  South  Fork,  and  258,966.7  cubic  yards  of  material  were 
removed.  Between  the  1st  of  July  and  the  17th  of  December,  1897,  when  operations 
were  suspended  for  the  season,  280,392.1  cubic  yards  were  dredged,  by  which  the  work 
was  completed  to  the  Stock  Yards  (in  September)  and  the  channel  was  redredged 
from  that  place  back  to  Canal  street. 

The  redredffing  was  provided  for  in  the  specifications  and  was  found  very  much 
needed,  for,  although  the  first  work  was  generally  done  to  one  foot,  and  frequently 
more,  below  the  required  plane,  the  subsequent  shoaling  proved  auite  considerable. 
As  a  provision  is  made  in  the  specifications  for  a  deduction  from  tne  estimates  of  all 
material  removed  from  below  the  fixed  grade,  the  contractors  did  not  deem  it  safe  to 
go  any  deeper  than  as  stated  above.  The  snoaling  is  caused  partly  by  the  inflow 
Irom  numerous  sewers  and  partlv  bv  the  undredged  parts  (near  the  docks  and  inside 
of  protection  piers,  etc.),  from  widen,  when  stirred  up  by  passing  propellers,  deposits 
run  into  the  channel. 

The  work  of  the  present  season  was  resumed  on  the  30th  of  April,  and  at  the  olose 
of  the  year  344,426.3  cubic  yards  had  been  removed  in  all  since  the  beginning  of  the 
year.  The  reason  for  resuming  this  season's  work  at  so  late  a  date  was  the  crowded 
condition  of  the  river,  the  vessels  being  very  slow  this  year  in  leaving  their  winter 
quarters. 

On  the  30th  of  June  the  channel  was  redredged  to  Washington  Street  Bridge.  The 
work  to  Adams  Street  Bridge  has  been  inspected  and  formaUy  accepted.  The  shoal- 
ing and  consequent  redredgine  has  considerably  increased  the  amount  to  ba  dredged. 
The  original  estimate  gave  the  amount  required  at  458,427  cubic  yards.  This  esti- 
mate was  made  from  tne  comparatively  few  soundings  shown  on  the  maps  of  the 
Chicago  Sanitary  District's  survey  of  some  three  years  previous,  and  close  results 
could,  therefore,  not  bo  expected,  the  more  so  as  considerable  shoaling  had  undoubt- 
edly occurred  in  the  intervening  time.  One  hundred  thousand  cubic  yards  were 
added  to  the  original  amount,  out  even  this  increased  figure  has  already  been 
exceeded.  The  progress  of  this  season's  work  has  not  been  as  favorable  as  that  of 
last  season.  The  shallow  cuts  in  redredging,  the  frequent  interference  by  vessels 
passing  or  unloading  at  the  docks,  and  the  always  inconvenient  work  in  the  draws 
of  the  many  bridges  have  all  combined  to  retard  the  progress  of  the  work. 

B.  In  the  North  Branoh, — ^At  the  close  of  the  fiscal  year  ending  June  30, 1897.  the 
main  channel  of  the  North  Branch  was  dredged  to  North  avenue.  About  three- 
fourths  of  the  leuffth  of  the  North  Branch  Canal  was  also  completed,  and  there  were 
removed  during  that  year  a  total  of  248,610.3  cubic  yards  of  material. 

Operations  were  continued  during  the  succeeding  year  until  the  20th  of  December, 
when  the  plant  was  laid  up  for  the  winter.  Work  was  resumed  on  the  22d  of 
March  at  Webster  Avenue  Bridge,  which  place  had  been  reached  at  the  close  of  the 
work  in  December.  At  the  end  of  the  year,  June  30. 1898,  the  channel  was  nraoti- 
oally  completed  up  to  Fullerton  avenue,  and  509,925.7  cubic  yards  in  all  were 
removed  during  the  year,  making  an  average  of  56,658  cubic  yards  per  month  of 
actual  work.  The  ''North  Branch  Canal"  was  completed  during  the  montii  of 
August.  Dredging  this  "canal"  was  not  originally  estimated  for;  nor  was  the 
deepening  of  the  channel  through  the  east  draws  of  the  three  bridges  at  Kinzie 
street,  which  latter  channel  has  heretofore  never  been  dredged,  but  which  was  now 
done  to  enable  tugs  to  pass  up  or  down  while,  as  often  happens,  the  west  draw  is 
occupied  by  one  or  more  vessels.  This  additional  work  will  increase  the  amount  of 
the  original  estimates.  No  piles  or  old  docks  were  removed  during  the  year.  Very 
hard  material  was  found  in  the  vicinity  of  Fullerton  avenue,  which  has  retarded 
the  process  considerably. 

C.  If^dening  of  the  titer, — ^In  pursuance  of  an  authority  contained  in  the  sundry 
civil  act  of  June  4,  1897,  providing  for  the  widening  of  the  river  ftt  the  most 
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obstmctive  places,  and  in  anticipation  of  an  appropriation  for  that  parpose,  the 
preliminary  steps  were  taken  during  the  year  hy  way  of  preparing  plats  showing 
tracts  of  land  proposed  to  be  condemned  and  removed,  and  also  the  legal  desoiiptions 
of  snch  tracts,  the  oompnted  areas  thereof,  etc. 

TOTAX  WORK  DOIOB  UNDEB  THE  CONTRACTS. 

Binoe  the  beginning  of  work  nnder  the  contracts  in  November,  1896,  the  channel 
has  been  deepened  in  the  Main  and  Sonth  branches,  between  Rush  street  and  the 
Stock  Yards,  and  has  been  redredged  from  the  last-named  place  back  to  Washington 
street,  by  the  removal  of  in  all  603,393  cubic  yards  of  dredged  material  and  11  piles. 
Final  soundings  have  been  taken  and  the  work  accepted  from  the  south  limits  to 
Adams  street. 

In  the  North  Branch  the  channel  has  been  dredged  to  Fnllerton  avenue,  including 
the  *' North  Branch  Canal,"  and  758,536  cubic  yards  of  dredged  material  and  2  piles 
have  been  removed.  No  part  of  the  channel  in  this  branch  has  as  yet  been  finally 
accepted. 

WORK  PROPOSED  FOR  THE  ENSUING  YEAR. 

It  is  proposed  to  continue  and  complete  the  work  nnder  both  of  the  now  existinc 
contracts  daring  the  ensuing  year,  and  if  funds  become  available  it  is  also  proposea 
to  proc€«d  with  the  widening  of  the  river  in  accordance  with  the  project  submitted 
and  approved  by  the  Secretary  of  War. 

A  table  showine  the  means  of  tridaily  readings  of  the  water  ^ange  at  the  mouth  of 
the  river  dnrinff  tne  year  1897  is  respectfully  submitted  herewith. 
I  am.  Major,  very  respectfully,  your  obedient  servant, 

Q.  A«  M.   LiLJENCRANTZ, 

Assistant  Engineer. 
Hij.W.  L.  Marshall, 

Corps  of  Engineers,  U,  8.  A, 


JJ3. 
IMPROVEMENT  OF  CALUMET  HARBOR,  ILLINOIS. 

The  object  of  the  work  is  to  provide  a  deep  entrance  to  the  Oalnmet 
Biver  and  the  port  of  South  Chicago,  which  object  is  effected  in  the 
usubI  manner  by  first  protecting  the  proposed  channel  against  drift  by 
parallel  piers  or  jetties — in  this  case  300  feet  apart,  projecting  into  the 
lake  from  the  shore  at  the  river's  month — and  by  dredging  between 
them  to  the  proper  depth. 

CONDITION  OF  THE  WORK  JUNE  30,  1896. 

Work  was  begnn  on  this  harbor  in  1870,  and  prior  to  Jnne  30, 1896, 
2,020  linear  feet  of  the  sonth  pier  and  3,G40  linear  feet  of  the  north 
pier  had  been  completed,  and  a  channel  16  feet  in  depth  between  the 
piers  had  been  secnred  and  maintained,  which  completed  the  old  project 
for  this  improvement. 

CONDITION  OF  THE  WORK  JUNE  30,  1898. 

The  river  and  harbor  act  of  June  3, 1896,  adopted  for  this  harbor  a 
project  submitted  June  30, 1895,  which  provided  for  a  channel  depth  of 
20  feet,  a  prolongation  of  the  south  pier  1,200  linear  feet  and  the  north 
pier  500  linear  feet. 

Prior  to  the  adoption  of  this  project  by  Congress,  by  authority  of  the 
Chief  of  Engineers  a  narrow  channel  20  feet  in  depth,  barely  practi- 
cable, had  b^n  begun  under  contract,  leading  from  deep  water  in  Lake 
Michigan  as  far  as  to  the  Illinois  Steel  Company's  slip. 
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In  February,  1896,  a  project  supplementary  to  that  of  June  30, 1895, 
was  submitted  and  published  as  House  Executive  Document  No.  277 
(see  also  Eeport  of  Chief  of  Engineers,  U.  S.  A,  1896,  p.  2584),  which 
covered  not  only  the  requirements  of  the  entrance  to  Galumet  River, 
or  the  present  harbor,  but  all  the  present  needs  of  this  locality.  This 
extended  project  contemplated  an  outer  breakwater,  in  continuation  of 
the  north  pier  of  the  Illinois  Steel  Company^s  harbor,  to  shelter  the* 
entrance  to  Galumet  Eiver  and  the  steel  company's  harbor,  and  to  form 
a  sheltered  roadstead  to  be  dredged  to  20  feet  deep;  the  extension  of 
the  south  pier  800  linear  feet,  and  dredging  the  entrance  to  the  river, 
and  the  river  itself  for  a  distance  of  2  miles,  for  a  width  of  200  feet  and 
to  a  depth  of  20  feet. 

Congress  in  making  appropriations  for  Calumet  Harbor  adopted  the 
project  of  June  30, 1895,  but  in  appropriating  for  the  river  adopted  that 
part  of  the  later  project  of  February,  1896,  relating  to  the  20-foot  chan- 
nel in  Calumet  Eiver. 

The  outer  breakwater  is  an  urgent  necessity,  and  if  it  be  built  the 
north  pier  of  Calumet  Harbor  should  not  be  extended,  and  the  exten- 
sion of  800  feet  is  sufficient  for  the  south  pier. 

From  the  movement  of  sands  in  this  vicinity  it  is  very  apparent  that 
one  of  these  projects  should  be  more  definitely  adopted.  The  drift  into 
the  channel  can  only  be  stopped  by  the  intervention  of  a  solid  obstruc- 
tion or  pier,  and  it  is  apparent  that  any  material  extension  of  the  piers 
of  the  United  States  harbor  will  result  in  closing  the  approaches  to  the 
Illinois  Steel  Company's  harbor  by  the  sand  caught  and  held  against 
the  United  States  piers. 

Such  a  result  should  be  avoided,  and  the  harbors  can  both  be  pro- 
tected by 'extending  the  north  pier  of  the  Illinois  Steel  Company's  pier, 
as  proposed  in  the  report  of  February  20,  1896,  while  at  the  same  time 
such  a  construction  would  make  access  to  the  docks  at  South  Chicago 
possible  at  all  conditions  of  weather.  At  present  the  entrance  to  the 
harbor  can  not  be  safely  made  by  vessels  during  high  winds  or  gales, 
and  continuous  dredging  will  soon  be  required  to  keep  the  channels 
navigable. 

By  authority  of  the  Chief  of  Engineers  the  appropriation  made  by 
the  act  of  June  3, 1896,  has  been  applied  to  the  execution  of  the  work 
common  to  both  projects  named  above,  i.  e.,  to  the  extension  of  the 
south  pier  800  linear  feet  and  to  dredging  the  channel  between  the  piers 
and  to  a  similar  depth  below  the  low  water  of  1847.  All  this  work  had 
been  done  by  contract  before  the  end  of  the  fiscal  year  ending  June 
30, 1897. 

At  the  beginning  of  the  fisoal  year  just  ended,  a  contract,  dated  June 
14, 1897,  with  George  Cooper,  of  Manitowoc,  Wis.,  for  rebuilding  super- 
structure over  600  linear  feet  of  the  north  pier  near  its  outer  extremity 
was  under  way.  This  contract  was  completed  September  7, 1897.  The 
amounts  of  work  done  under  this  contract  are  given  in  detail  in  the 
report  of  Assistant  Engineer  G.  A.  M.  Liljencrantz,  hereto  appended. 

At  present  there  is  a  good  channel  20  feet  deep  at  present  stage  of 
water  between  the  piers,  but  storms  have  somewhat  filled  the  channel 
seaward  of  the  piers  with  drifting  sand.  Vessels,  however,  of  the 
largest  size  and  draft  that  can  use  the  so-called  20-foot  channel  between 
the  upper  Great  Lakes  can  freely  enter  and  leave  the  harbor. 

In  the  last  annual  report  it  was  given  as  a  noteworthy  fact  that  the 
Queen  City  had  taken  a  cargo  of  5,800  short  tons  of  corn  from  South 
Chicago  to  Buffalo,  but  such  cargoes  already  seem  small  at  this  port 
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Daring  the  present  season  the  steamer  Superior  Oityj  on  a  mean  draft 
of  18  feet  2  inches,  carried  266,550  bashels  of  corn,  or  7,463  short  tons, 
from  South  Chicago  (Galnmet  Harbor)  to  Bafifalo. 

This  steamer  unloaded  at  this  port  6,754  gross  tons  of  iron  ore  in 
twelve  hours,  and  took  on  board  her  great  cargo  of  7,463  short  tons  in 
seven  hours. 

These  facts  are  given  as  indicating  the  rapidity  of  modern  methods 
of  transferring  cargoes  at  this  and  other  lake  ports. 

This  harbor  is  now  the  finest  on  Lake  Michigan,  capable  of  receiving 
and  accommodating  the  largest  vessels  yet  afloat  or  projected  on  the 
Great  Lakes,  as  long  as  the  bar  at  its  mouth  may  be  kept  dredged. 
The  construction  of  an  exterior  breakwater,  now  so  urgently  needed, 
will  leave  but  little  to  be  desired  at  the  present  stage  of  development 
of  wharfage  at  South  Ghicago. 

The  freights  have  mainly  consisted  in  heavy,  bulky  articles,  such  as 
coal,  iron  ore,  salt,  grain,  and  timber,  which  require  the  largest  vessels, 
the  cheapest  freight  rates,  and  most  commodious  channels.  The  iron 
ore  comes  in  great  part  from  natural  harbors  of  superior  depth,  and 
cargoes  have  been  limited  by  the  depth  of  water  at  South  Chicago. 
Consequently  the  increased  channels  have  been  at  once  availed  of  and 
have  been  followed  by  cargoes  that  would  have  been  inconceivable  two 
years  ago.  For  the  reasons  stated  above,  the  average  vessel  trading  at 
this  port  very  much  exceeds  that  at  any  other  port  in  the  world. 

PROPOSED  APPLICATION  OP  FUNDS  NOW  AVAILABLE. 

The  small  amount  of  money  now  on  hand  will  be  held  as  an  emer- 
gency fund,  to  keep  the  channel  open  across  the  bar  near  the  mouth  of 
the  harbor  and  to  make  such  repairs  as  may  become  necessary  by  acci- 
dent or  otherwise. 

PROPOSED   APPLICATION   OF  FUNDS    ASKED  FOB   FOB  FISCAL  YEAB 

ENDING  JUNE  30,  1900. 

The  fact  that  there  are  two  projects  for  this  locality,  parts  of  each  of 
which  have  been  adopted  by  Congress,  make  it  necessary  to  state  the 
facts  again  explicitly.  There  remains  to  be  done  under  the  project  of 
Jane  30, 1895,  400  linear  feet  in  extension  of  the  south  pier  and  500 
linear  feet  in  extension  of  the  north  pier  and  some  minor  work,  at  an 
estimated  cost  of  $79,550. 

Under  the  supplementary  project  of  February  21, 1896,  there  remains 
to  be  done  the  construction  of  the  outer  harbor,  and  if  this  latter 
project  be  adopted,  the  900  linear  feet  of  pier  extension  in  the  former 
project  is  entirely  unnecessary.  The  outer  harbor  sooner  or  later  must 
be  built  as  a  necessity,  and  it  would  result  in  a  saving  of  979,550  if 
fdtore  appropriations  went  toward  the  construction  of  the  works  de- 
manded by  the  later  project  and  no  further  work  be  done  under  the 
project  of  June  30, 1895. 

The  estimate  submitted  is  therefore  to  be  considered  as  for  the  con- 
straction  of  the  outer  harbor  under  the  project  or  report  of  February 
21, 1896. 

It  is  proposed  to  apply  such  funds  as  may  be  granted  under  this 
project  to  extending  the  outer  breakwater  on  the  same  line  as  the  shore 
end  of  the  north  pier  of  the  Illinois  Steel  Company's  harbor  and  to 
redredging  the  bar  at  the  mouth  of  Calumet  Harbor. 
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AppropriaH&ni, 


By  act  of— 

July  11, 1870 $50,000.00 

March  3, 1871 50,000.00 

June  10, 1872 40,000.00 

March  3, 1873 40,000.00 

June  23, 1874 25,000.00 

March  3,1875 25,000.00 

August  3,1876 20,000.00 

June  18,1878 15,000.00 

March  3, 1879 12,000.00 

June  14,1880 20,000.00 

March  3, 1881 30,000.00 

August  2, 1882 35,000.00 

July5,1884 20,000.00 

Money  statement 

July  1, 1897, halance  unexpended .* $24,668.72 

June  30, 1898,  amount  expended  during  fiscal  year 11, 122. 43 


By  act  of— 

August  5, 1886 $10,000.00 

August  11, 1888 20,400.00 

September  19, 1890 20, 000. 00 

July  13,1892 15,000.00 

August  18, 1894 15, 000.00 

June  3^  1896 75,000.00 

Total 637,400.00 

Expended  to  June  30, 1898.. .  523, 853. 71 

Balance  unexpended 
June  30, 1898 13,546.29 


July  1, 1898,  balance  unexpended. 


13, 546. 29 


'Amount  (estimated)  required  for  completion  of  existing  project  of 

Febraary  21,1896 1,009,830.00 

Amount  (estimated)  required  for  completion  of  existing  project  of 

June  30, 1895 79,650.00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June 

30,1900 300,000.00 

Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 

harbor  acts  of  1866  and  1867  and  of  snndry  civil  act  of  June  4, 1897. 


LUi  of  amtracUfar  improving  Calumet  Harbor,  IllinoiSf  in  farce  during  fiscal  year  end- 
ing June  SOj  1898, 


Name  and  address  of 
oontractor. 

Nature  of  contract. 

Date. 

To  expire. 

George  Cooper,  Manito- 
woc, Wis. 

Bebnilding  super- 
structure. 

June  14, 1897 

Aug.  Bl,  1887 

Extended  to  Sept  30, 
1897,  and  completed 
Sept.  9, 1897. 

COMMERCIAL  STATISTICS. 


Amount  of  revenue  collected  at  nearest  port  of  entry  (Chicago)  during  the  fiscal 
year  1898,  $4,179,879.94. 

Arrivals  and  clearances  of  vessels  at  Calumet  Harbor, 


Arrived. 

Cleared. 

Number. 

Tons. 

Number. 

Tons. 

Steam r. ^^^,_.,-.^,,,,-- 

966 
626 

1,451,802 
678,685 

955 
628 

1,882,941 
649,518 

Sail 

Total 

1,492 

2,129,887 

1,477 

2,032,450 

Beceipts  and  shipments  by  lake  at  South  Chicago,  III.,  during  calendar  year  1897, 


Beceipts. 


Coal 

Iron  and  Iron  ore 

Salt ; 

Grain  and  seed 

Cement  and  plaster 

Lumber,  wood,  etc 

Misoellaneous  merchandise. 

Total 


Tons. 


257,064 

1,734,086 

151,258 

15,406 

4,612 

195, 407 

6,109 


2,362,937 


Shipments. 


Steel  rails 

Coal 

Iron  and  rails. 
Oil 


Grain 

Glass 

Miscellaneous  merchandise. 


Total 


Tons. 


63,240 
7.815 
5,300 

41.034 

995,890 

8,127 

14,839 


1,130.281 
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Cmparison  ofreoeipta  and  MhipmenU  at  South  Chicaqo  for  five  calendar  year$^189S,  1894, 

1895, 1896,  and  1897. 


Year*. 

Tons. 

Years. 

Tons. 

UB3 

903,379 
1.436,897 
2,157,750 

1896 

2,973,724 
8.493,218 

]m 

1897 

UK 

rkport  of  mr.  g.  a.  m.  liljencrantz,  assistant  engineer. 

United  States  Engineer  Office, 

Chicago,  III.,  July  1, 1898. 

Major:  I  have  the  honor  to  submit  herewith  a  report  on  operations  in  Calumet 
Harbor,  Illinois,  during  the  fiscal  year  ending  June  30,  1898. 

On  the  first  day  of  the  year  there  were  two  contracts  in  force  for  work  of  improv- 
bg  this  harbor,  viz :  With  the  Hausler  &  Lutz  Towing  and  Dock  Company,  of 
Soath  ChicagOy  111.,  for  the  extension  of  the  iSouth  Pier  800  linear  feet,  and  with 
George  Cooper,  of  Manitowoc,  Wis.,  for  the  rebuilding  of  the  superstructure  over 
500  linear  feet  of  the  North  Pier. 

Work  under  the  first  of  these  two  contracts  was  completed  on  the  lasfc  day  of  the 
previous  year,  or  June  30,  1897,  ITut  the  tin:il  payment,  including  all  retained  per- 
centages, was  made  on  the  Ist  day  of  July  following,  and  the  contract  was  thus 
formally  closed  on  that  day. 

The  work  of  rebuilding  the  superstructure  over  the  North  Pier,  begun  during  the 
pTBTious  year,  was  completed  on  the  7th  of  September,  1897. 

WORK  DONE  DURING  THE  TEAR. 

The  actual  work  of  rebuilding  the  superstructure  over  the  North  Pier,  under  con- 
tract dated  June  14,  1897,  with  George  Cooper,  of  Manitowoc,  Wis.,  was  begun  on 
the  6th  of  Jnly,  the  preliminary  work  only — the  removal  of  the  old  superstructure — 
having  commenced  during  the  previous  vear. 

The  contract  was  to  have  expired  on  the  loth  of  August,  but  an  extension  of  time 
was  grant'Od  to  September  30,  1897. 

Under  the  terms  of  the  contract  the  outer,  or  easterly,  483  linear  feet  of  the  super- 
itrocture  over  the  North  Pier  were  rebuilt,  and  a  clump  of  piles  was  placed  at  the 
end  thereof,  in  which  work  the  following  materials  were  used  and  paid  for,  viz: 
133,390  feet  B.  M.  pine  timber,  13  oak  piles,  17.524  pounds  of  wrought-iron  drift  bolts, 
210jK>ands  of  Ulster  iron  dredge  chain,  and  67,913  cords  of  stone. 

The  total  cost  of  this  work  was  $4,081.75,  making  an  average  cost  per  linear  foot 
of  ^.45. 

In  addition  to  the  work  just  described,  the  comers  at  the  end  of  the  pier  were 
ftrengihened — under  a  special  agreement  with  the  contractor — by  surrouncung  them 
with  sheets  of  boiler  iron,  which  were  secured  with  screw  bolts,  passing  through  the 
•ide  and  end  timbers  alternately,  into  an  upright  placed  in  the  respective  inside 
eomeis.  In  this  part  of  the  work  the  following  materials  were  used :  660  pounds  of 
boiler  iron  and  240  pounds  of  wrought-iron  screw  bolts,  with  nuts  and  washers. 

The  elnmp  of  piles  was  made  of  13  piles,  instead  of  7,  as  used  heretofore,  but 
which  has  on  several  occasions  proved  insufficient.  The  usefulness  of  this  clump 
was  demonstrated  one  day  in  September  last,  when  one  of  the  car  ferries,  heavily 
laden,  ran  into  it  and  would  undoubtedly  have  done  serious  damage  to  the  nier 
had  the  protection  not  been  there.  The  work  under  this  contract  was  completed  on 
the  7th  of  September,  1897. 


PRESENT  CONDITION  OF  THE  HARBOR. 

Tlie  Dllnois  Steel  Company  has  done  more  or  less  dredging  in  the  lake  and  between 
the  United  States  piers,  and  the  channel  is  at  present  in  good  condition.  The  north 
pier  is  in  very  good  condition  east  of  the  steel  company's  slip,  but  the  revetment 
westward  therefrom  is  entirely  broken  up.  The  south  pier  is  also  in  good  condition, 
with  the  exception  of  about  550  linear  feet,  which  will  require  new  superstructure 
^iate  long.  Three  hundred  and  fifty  feet  of  this  old  part  are  very  much  decayed 
ml  broken  up* 


I 
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GENERAL  REMASKS. 

The  old  frame  beacon  licht,  at  the  end  of  the  north  pier,  was  replaced  daring  the 
year  by  a  new  iron  light-honse  tower.  This  work  was  done  by  the  United  States 
Light-House  Department  and  was  completed  on  the  16th  of  October,  1897.  The 
new  tower  is  a  cylindrical  iron  strncture,  containing  a  base,  two  stories,  and  a  lan- 
tern chamber,  and  rests  on  a  concrete  foundation,  which  is  7.5  feet  high  and  reaches 
down  about  to  the  low- water  level  of  1847,  a  space  haying  been  left  open  for  that 
purpose  in  the  new  superstructure.  The  apparatus  is  a  fourth  order,  fixed,  red 
light,  iUuminating  an  arc  of  180  degrees.  The  focal  plane  is  30  feet  above  the  top  of 
the  pier,  or  (about)  37^  feet  above  the  low- water  level.  The  center  of  the  tower  is  33 
feet  from  the  end  of  the  pier.  The  light  in  the  new  tower  was  installed  ou  .the  7th 
of  October.  The  water  along  the  north  face  of  the  pier,  near  the  tower,  has  an 
average  depth  of  20  feet,  and  the  bottom  of  the  crib,  which  rests  on  a  pile  founda- 
tion, IS  only  16^  feet  below  low  water,  wherefore  it  is  thought  quite  desirable  to 
have  some  rlprapping  placed  here,  to  insure  safety  to  the  tower. 

The  chief  features  representing  the  activity  at  the  Illinois  Steel  Company's  South 
Works,  located  north  of  the  harbor  entrance,  are  as  follows: 

The  number  of  vessels  arriving  at  the  works  during  the  year  was  790,  of  which  690 
were  ore  laden,  the  balance  carrying  other  freight.  The  following  materials  were 
received,  viz,  1,950,581  gross  tons  of  ore,  15,000  gross  tons  pig  iron,  and  1,886,516  feet 
B.  M.  lumber.  The  ore-carrying  vessels  carried  an  average  cargo  of  2,827  gross  tons. 
The  largest  cargo  received,  on  June  10,  1898,  was  brought  by  the  steamer  Superior 
Citiff  the  principal  dimensions  of  which  are:  446  feet  in  length,  50  feet  beam,  and  18.2 
feet  draft.  This  cargo,  amounting  to  6,688  gross  tons,  was  unloaded  by  117  men  in  llf 
hours,  or  at  the  rate  of  569  tons  per  hour.  Shipments  by  lake  destined  to  England, 
Japan,  Corea,  Canada,  etc.,  amounted  to  70,830  gross  tons. 

The  office  building,  located  on  the  United  States  light-house  reservation,  was 
repaired  under  authority  received  from  the  Department  in  November,  1897.  This 
work  was  completed  in  February,  1898,  at  a  cost  of  $64.99. 

Some  damage  was  done  last  fall  to  the  south  pier,  at  a  point  2,000  feet  west  of  the 
outer  or  easterly  end  of  it,  by  the  car  ferry  No.  2  running  into  it.  The  north  pier 
sustained  damage  also  from  collision  with  some  unknown  vessel  on  the  night  between 
the  25th  and  26th  of  April  last,  at  a  point  distant  1,170  feet  east  of  the  steel  com- 

Sany's  slip.    The  top  timber  was  here  broken  into  splinters  for  a  distance  of  10  feet. 
o  one  has  been  found  who  witnessed  the  accident. 
A  map  showing  the  work  done  during  the  year  is  respectfully  submitted  herewith. 

WORK  PROPOSED  FOR  THE  ENSUING  YEAR. 

Should  an  appropriation  be  made  it  is  proposed  to  commence  the  construction  of 
the  northerly  breakwater,  for  the  protection  of  the  harbor  entrance  and  the  anchor- 
age area  in  front  thereof,  during  the  ensuing  year. 

I  am,  M%jor,  very  respectfully,  your  obedient  servant, 

G.  A.   M.   LiLJENCRANTZ, 

Attuiant  £nyineer. 

To  M^j.  W.  L.  Marshall, 

Corps  of  EngineerB,  U,  8.  A. 


J  J  4. 

IMPROVEMENT  OF  CALUMET  RIVER,  ILLINOIS  AND  INDIANA. 

The  object  of  this  work  as  originally  projected  was  to  secure  a  chan- 
nel 16  feet  in  depth,  200  feet  wide,  from  the  mouth  of  the  river  to  one- 
half  mile  east  of  Hammond,  Ind.,  to  increase  the  facilities  for  handling 
the  commerce  of  this  region  and  to  give  relief  to  the  overcrowded  port 
of  Chicago. 

The  history  of  the  work,  especially  as  regards  the  conditions  imposed 
by  various  river  and  harbor  acts  of  Congress,  may  be  found  in  the 
Annual  Reports  of  the  Chief  of  Engineers  prior  to  1890,  especial  atten- 
tion being  invited  to  the  Beport  of  1889,  page  2142. 


1 


APPENDIX   J  J — REPORT  OP  MAJOR  MARSHALL.  2431 

The  United  States  have  acqaired  the  right  of  way  and  releases  from 
claims  for  damages  by  reason  of  the  improvement  of  Calnmet  Biver 
over  the  stretch  from  the  month  of  the  river  to  the  ontlet  from  Lake 
Calamet,  the  limits  of  the  improved  channel  to  be  dock  lines  200  feet 
apart,  which  have  been  established  by  anthority  of  the  Secretary  of 
War. 

The  improvement  above  the  forks,  or  from  the  forks  to  one-half  mile 
east  of  Hammond,  Ind.,  can  not  be  made  of  the  fnll  width  of  200  feet 
nntil  the  right  of  way  and  releases  from  damages  have  been  acquired 
by  the  United  States.  In  view  of  this  fact,  under  provisions  of  vari- 
ous acts  of  Congress,  the  work  has  been  subdivided  into  two  sections — 

(1)  From  the  mouth  of  the  river  to  the  forks  of  the  Calumet  (below 
the  forks). 

(2)  From  the  forks  to  one-half  mile  east  of  Hammond,  Ind. 

I^o  stex>s  have  been  authorized  by  Congress  or  undertaken  by  parties 
iDterested  to  secure  rights  of  way  and  releases  from  damage  claims  for 
the  improvement  above  the  forks,  and  consequently  work  has  been  car- 
ried on  in  desultory  fashion  over  that  section  in  an  attempt  to  secure 
a  channel  60  feet  wide  and  10  feet  deep.  This  section  is  part  of  an  old 
river,  now  dead,  or  without  current  to  carry  off  the  filth  cast  into  it 
from  slaughterhouses  and  manufactories  near  Hammond  and  from 
sewers  of  the  town.  The  dredged  channels  were  filled  up  with  filthy 
deposits  as  fast  as  excavated,  and  after  repeated  attempto  to  secure 
&e  depths  sought  the  work  was  abandoned  in  1895  for  reasons  more 
fully  given  in  the  Eeport  of  the  Chief  of  Engineers,  United  States 
Army,  for  that  year. 

On  the  lower  section  of  the  river,  or  from  ite  mouth  to  the-forks  of 
the  Calumet — this  section  lies  wholly  within  the  State  of  Illinois — 
systematic  work  has  been  carried  on  since  1888  up  to  the  close  of  the 
fiscal  year  1896  to  secure  a  channel  200  feet  wide  and  16  feet  deep,  and 
prior  to  that  date  the  work  had  been  extended  as  far  as  to  One  hun- 
dred and  eighteenth  street  crossing,  a  distance  of  3f  miles,  with  the 
exception  of  a  short  streteh  of  rock  and  hard  pan,  involving  the  future 
excavation  of  about  9,000  cubic  yards  of  rock  in  place,  over  which 
stretob  the  full  depth  channel  is  only  80  feet  wide.  The  work  deterior- 
ated rapidly  in  depth  near  the  upstream  limit,  and  much  of  it  had  been 
dredged  the  second  time. 

In  view  of  the  rapid  increase  in  size  and  draft  of  vessels  on  the  Great 
Lakes,  due  to  the  near  completion  of  an  enlarged  channel  between 
Dulnth,  Chicago,  and  Buffalo,  and  of  the  impracticability  of  speedily 
providing  elsewhere  at  Chicago  a  channel  of  sufficient  capacity  for  such 
large  vessels.  Congress  provided  in  the  river  and  harbor  act  of  June  3, 
1896,  that  the  Calumet  River  may  be  dredged  to  a  depth  of  20  feet  for 
2  miles  southward  from  the  mouth.  The  elevators,  coal  and  salt  docks, 
and  principal  establishments  along  the  river  are  within  this  2-mile 
limit 

CONDITION  OF  THB  WORK  JUNE  30,  1897. 

There  have  been  removed  by  dredging  between  the  mouth  of' the 
river  and  One  hundred  find  eighteenth  street,  in  making  the  16-foot 
channel,  1,436,358  cubic  yards,  and  in  maintaining  this  channel  by 
redredging,  330,862  cubic  yards,  or,  in  aU,  on  this  16-foot  project, 
1,767,220  cubic  yards. 

Id  dredging  the  20-foot  channel  2  miles  have  been  completed  to  ftdl 
dimensions,  from  which  320,405  cubic  yards  have  been  removed. 
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In  the  attempt  to  make  and  maintain  a  channel  60  feet  wide  and  10 
feet  deep  from  the  forks  to  one-half  mile  east  of  Hammond,  Ind.,  there 
has  been  done  in  primary  dredj^ing  to  make  the  channel  150,094  cubic 
yards,  and  in  redredging  98,422  cubic  yards.  The  channel  is  now  in 
much  worse  condition  than  when  the  work  began. 

The  channel  below  the  forks  fills  in  at  the  rate  of  about  22,340  cubic 
yards  per  mile  per  annum,  and  there  remains  about  300,000  cubic  yards 
of  redredging  to  restore  the  channel  to  its  full  depth  between  the  end  of 
the  20foot  channel,  near  One  hundred  and  sixth  street,  and  the  end 
of  the  dredged  16-foot  channel,  at  One  hundred  and  eighteenth  street. 
Above  One  hundred  and  eighteenth  street  boats  carrying  more  than 
7  feet  can  not  pass,  and  in  the  vicinity  of  Hammond,  Ind.,  it  will  be 
difficult  for  boats  to  navigate  drawing  as  much  as  5  feet. 

» 

WORK  DONE  DURING  THE  FISCAL  YEAR  ENDING  JUNE  30,  1898. 

At  the  close  of  the  last  fiscal  year,  ending  June  30, 1897,  work  was  in 
progress  under  contract  dated  September  1, 1896,  with  C.  B.  Mitchell 
&  Co.,  Ludington,  Mich.,  for  deepening  the  16-foot  channel  to  20  feet 
from  the  harbor  to  One  hundred  and  sixth  street,  a  distance  of  2  miles. 
This  contract  was  completed  August  21, 1897,  after  removing  98,718 
cubic  yards  of  earth. 

In  all,  there  were  removed  from  the  channel  under  this  contract 
320,405  cubic  yards  of  earth,  all  of  which  was  towed  out  to  deep  water 
in  the  lake  and  dumped. 

This  channel,  although  somewhat  deteriorated  by  fill  subsequent  to 
the  dredging,  is  practically  intact.  In  a  few  places  there  are  depths 
less  than  20  feet  below  the  low  water  of  1847,  but  on  account  of  the  rise 
in  the  lake  level  there  is  a  wide  and  good  20-foot  channel  throughout 
the  reach. 

Above  One  hundred  and  sixth  street  the  dredged  channel  has  very 
much  deteriorated,  there  being  only  11  to  12  feet  to  One  hundred  and 
tenth  street,  and  thence  to  One  hundred  and  eighteenth  street  the  depth 
declines  from  14  to  9  feet,  and  still  less  depths  exist  southward  of  One 
hundred  and  eighteenth  street.  The  filling  in  from  natural  causes, 
aided  by  sewage  and  filth  dei)osits,  is  very  rapid  in  this  stream,  annually 
increasing  in  rate  of  deposit,  and  the  maintenance  of  a  practicable  chan- 
nel of  sufficient  dimensions  is  a  matter  that  demands  nearly  constant 
dredging,  under  regular  appropriations  made  therefor. 

Further  details  of  this  work  are  given  in  the  report  (hereto  attached) 
of  Assistant  Engineer  O.  A.  M.  Liljencrantz  and  on  the  map  herewith. 

There  are  practically  no  funds  available  for  this  work  <* below  the 
forks,"  the  amount  reported  available  being  the  balance  of  an  allot- 
ment made  by  Congress  for  the  section  of  the  river  lying  "between  the 
forks  and  one-half  mile  east  of  Hammond,  Ind.,"  on  which  section  work 
has  been  suspended  for  reasons  that  have  been  heretofore  reported. 

This  balance  could  well  be  applied  to  the  lower  river. 

PROPOSED   APPLIOATION    OF    FUNDS    ASSIED    FOB    FOB   THE    FISOAL 

TEAR  ENDING  JUNE  30,1900. 

It  is  proposed  to  apply  these  funds  to  maintaining  the  20-foot  chan- 
nel, redredging  the  16-foot  channel  from  One  hundred  and  sixth  street 
to  One  hundred  and  eighteenth  street,  and  to  extending  this  channel 
southward  under  the  original  project. 
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ApprapriatuMM, 

By  act  of— 

Julys,  1884 ..I $60,000.00 

AagnatS,  1886 30,000.00 

Aagust  11,  1886 50,000.00 

September  19, 1890 50,000.00 

Jnlyl3,1892 75,000.00 

Augnst  18,  1894 45,000.00 

Junes,  1896 50,000.00 

Total 350,000.00 

Expended  to  June  30,  1898 342,118.42^ 

Balance  unexpended  June  30,  1898 7,881.58 

Money  statement, 

July  1,1897,  balance  unexpended $32,663.72 

Jane  30, 1898,  amount  expended  during  fiscal  year 24,782.14 

July  1,  1898,  balance  unexpended 7,881.58 

(Amount  ^estimated)  required  for  completion  of  existinfc  project 700, 000. 00 
Amounttiiat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900  250, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Camtraet  for  improving  Calumet  Biver,  Illinois,  in  foroe  during  fiscal  year  ending  June 

SO,  1898, 


Hnie  and  addreSB  of 
oontnctor. 

Katun  of  oontraot. 

Date. 

To  expire. 

Bemarka. 

C.  E.  Kitchen  St  Cc 

IDndfljnir ..  ........... 

Sept.  1,1898. 

Sept.  1,1897- 

Completed  Sept.  1,1897. 

'*'*''^o*"o  -«-■•••••••■• 

bxport  of  mb.  o.  a.  h.  lxljencraltrz,  assistant  engineeb. 

United  States  Engineer  Office, 

Chicago,  111.,  July  1, 1898, 

Major  :  I  have  the  honor  to  submit  herewith  a  report  on  operations  in  Calumet 
River,  Illinois  and  Indiana,  during  the  fiscal  year  endin|f  June  30, 1898. 

At  the  beginning  of  the  year  there  was  one  contract  in  force,  with  Messrs.  C.  £. 
Mitchell  &  Co.,  of  Ludington,  Mich.,  dated  September  1, 1896,  for  deepening  the 
channel  from  the  harbor  to  One  hundred  and  sixth  street,  a  distance  of  2  miles,  to 
a  depth  of  20  feet  below  low  water,  within  the  established  dock  lines,  in  accord- 
ance with  a  project  approved  by  the  river  and  harbor  act  of  June  3, 1896.  The  con- 
tract provided  for  the  removal  of  320,000  cubic  yards,  more  or  less,  of  material,  at 
the  rate  of  13^  cents  per  cubic  yard.  Work  under  this  contract  commenced  on  the 
15th  of  September,  1896,  and  at  the  close  of  the  fiscal  year,  June  30, 1897,  221,687 
cubic  yards  of  material  had  been  removed,  completing  the  channel  for  nearly  li 
miles  and  a  turning  basin,  as  des'cribed  in  last  year's  report. 


WORK  DONE  DURING  THE  YEAB. 


Work  under  the  contract  was  continued  during  the  year  until  the  31st  of  August, 
when  it  was  completed  to  One  hundred  and  sixth  street,  and  accepted.  Since  the 
beginning  of  the  year  98,718  cubic  yards  of  material  were  removed  and  the  20-foot 
channel  completed  for  the  whole  of  the  contemplated  distance,  2  miles.    No  work 

BKa  98 ^153 
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was  done  on  the  16-foot  channel  Bonth  of  One  hundred  and  sixth  street,  owing  to 
insaffloiency  of  available  funds. 

On  the  2d  of  September  the  contractors  received  the  final  payment,  including  all 
retained  percentages,  and  the  contract  was  closed. 

SoundlDgH  taken  after  the  completion  of  the  work  showed  a  depth  of  generally 
from  1  to  2  feet  in  excess  of  that  specified  and  paid  for,  but  nowhere  less. 

No  work  was  done  during  the  year  **  above  the  forks." 

TOTAL  WORK  DONE  UNDER  THE  CONTRACT. 

Since  the  beginning  of  work  under  the  contract  the  channel  has  been  deejiened  to 
20  feet  below  the  Chicago  city  datum  from  the  harbor  to  One  hundred  and  sixth 
street,  and  a  turning  basin  made  in  the  old  channel,  opposite  the  Counselman  ele- 
vators, by  the  removal  of,  in  all^  320,4C5  cubic  yards  of  material,  all  of  which  was 
conveyed  in  scows  and  dumped  in  the  lake. 

PRESENT  CONDITION  OF  THE  RIYEB. 

To  ascertain  the  general  condition  of  the  river  channel,  an  examination  was  mad9 
of  this,  on  the  10th  and  11th  of  June  last,  from  the  harbor  to  the  forks.  Lines  wera 
run  zigzag  and  their  location  determined  approximately.  From  among  the  sound- 
ings taken  such  were  selected  as  represented  the  available  channel,  and  these  werv 
plotted  on  a  map  submitted  herewitn.  The  result  indicates  that  the  20-foot  channeB 
IS  practically  intact,  there  being  but  a  few  places  where  a  depth  of  less  than  20  feeti 
was  found,  among  which  may  be  mentioned  the  *' turning  basin''  and  a  place  oppo- 
site the  now  abandoned  '^  Washington  Ice  Company's  basin."  In  this  latter  thtm 
water  had  been  kept  at  a  level  above  that  in  the  river,  for  the  purpose  of  ice-making, 
ahd  when  this  enterprise  was  abandoned  the  owners  had  a  cut  made  from  it  to  thea 
river,  letting  out  a  great  volume  of  water,  and  with  it  a  considerable  amount  of  silte 
and  sand,  which  caused  the  shoaling  at  this  place.  Between  One  hundred  and  sixtl^ 
and  One  hundred  and  tenth  streets  the  available  channel  is  only  from  11  to  12  feets 
deep.  From  One  hundred  and  tenth  to  One  hundred  and  sixteenth  street  the  deptbi 
diminishes  gpradually  from  14  to  9  feet.  North  of  One  hundred  and  eighteenth  streets 
(the  southerly  limit  of  work  done  so  far)  considerable  shoaling  has  taken  place,, 
leaving  a  channel  of  only  5  to  7  feet  for  a  distance  of  some  1  ,(^  feet.  Dredging 
was  ongiually  made  to  16  feet  to  this  place.  Between  One  hundred  and  eight^entkka 
street  and  Chittenden  Bridge  the  channel  is  from  9  to  10  feet  in  depth;  thence  to  th^ 
"  forks"  it  runs  down  to  between  6  and  7  feet. 

PROGRESS  OF  THE  RIVER  IMPROVEMENT. 

A  map  showing  the  work  done  under  the  last  contract  and  a  table  showing  th^ 
progress  of  the  improvement  of  this  river,  corrected  up  to  date,  are  respectfully  sub- 
mitted herewith. 

GENERAL  REMARKS. 

The  last  year  has  been  an  unusually  quiet  one,  as  regards  new  enterprises  in  the* 
river  region.  The  year's  work  at  the  Chicago  Shipbuilding  Company's  docks  is  rep- 
resented by  the  construction  of  the  following  vessels,  viz: 

The  steamer  Wm.  E,  Xinit,  420  feet  over  all,  48  feet  beam,  and  28  feet  deep,  with  a- 
gross  tonnage  of  4,328.71,  valued  at  $220,000. 

The  schooner  Australia,  390  feet  over  all,  48  feet  beam,  and  26  feet  deep,  with  a  gross 
tonnage  of  3,745.17,  valued  at  $140,000. 

There  is  at  present  on  the  stocks  the  barge  Maia,  the  dimensions  of  which  are  376 
by  48  by  26  feet,  and  an  order  has  been  received  for  the  construction  of  a  fire-boat 
for  the  city  of  Chicago. 

WORK  PROPOSED  FOR  THE   ENSUING  YEAR. 

No  work  is  proposed  for  the  ensuing  year,  there  being  no  funds  available  for  that 
purpose. 

I  am,  Major,  very  respectfully,  your  obedient  servant, 

G.  A  M.  LiLJENCRANTZ, 

Uai.  W.  L.  Marshall,  Assistant  Engineer. 

Corps  of  Engineers,  U.  S.  A. 


Jfote^ 


shaded  sur/ac€  indic€Mt€j  work  do?u   undtr  Con^r^ut  cUtted  Septets 

indicates  portion/  o/*  thi^  work  elon^  durinf^  ^e/isc^ 
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Bdam  tks  foria  {channel  tOO  feet  wide;  oontracU  1  to  6, 16  feet  deep;  contract  6,  gO 

feet  deep). 


Contraet. 


5oi 


1 
2 
3 

4 
ft 


Bate. 


KoT.  5,1888 
Dec  10,1890 
OcL  28,1893 

a  May.  18»4 
Oct.  18M 
SepL  1,1896 


Contracton. 


W.A.Mc6miBd&Co 

Wheeler  it,  Purcell 

Sheboygan    Dredge    and 

W.A.Mc6ima'&Co!II"! 

do 

C.£.Mitohe]l&Co 


Total  to  end  of  fiscal 
year 


Period  of  work. 


Beginning. 


Kay 

Apr. 


4,1889 
e,1891 


May  30, 1893 
May  24, 1894 
Oct  1, 1894 
Sept  15, 1896 


Ending. 


Dea  21, 1890 
Jane  30, 1892 

Mar  9,1894 
Aug.  22, 1894 
Aug.  20, 1896 
Aug.  31, 1887 


Amounts 
dredged. 


New 
channel. 


0u,yd9. 
771,737 
365,719 

298,902 


320.405 


1,766,763 


Ke- 

dredg- 

iug. 


Ou.  yds. 


101,632 

50,035 

179,195 


TotaL 


Ou.yd$. 

771,737 
365,719 

400,534 

50,035 

179. 195 

320,405 


330,8622,087,625 


Contraot 


Ko. 


I 

2 
3 

4 
5 

6 


Date. 


Not.  5.1888 
Dee.  10,1890 
Oct  28,1892 

a  May,  1894 
Oct,  1894 
Sept  1«1896 


Contraoton. 


W.A.McGIllis4kCo 
Wbee]er  &  Puroell . . 


Sheboygan    Dredge    and 
Dock  Co 


W.A.MoGillis4kCo 

do 

C.E.Mitchell&Co.. 


Total  to  end  of  fiscal 
year 


Price  per 
cable 
yard. 


OmU. 
11.75 
12.25 

10.7 
10.7 
16.6 
13.25 


Cost  of— 


New  chan- 
nel. 


$90,679.10 
44,800.58 

81,962.52 


42,453.66 


209,915.86 


Bedredg- 
ing. 


Length  of  channel 
unproTed. 


New 


$10, 874. 62 

5,353.74 

29,667.16 


Feet 

12,168 

4,020 

8,333 


45.796.52 


« 10, 560 


80,078 


Be. 
dredged. 


FeeL 


2,300 

68,700 
11.826 


14,126 


a  A  special  agreement. 


ft  This  amount  being  onlv  for  **  half  width."  and  the  other  half  being  done  under  foUowing  contract 
Is  not  ittcloded  in  the  total  length  redredgea. 
#  New  aa  a  **  aO-foot  channel,    but  where  dredging  had  been  previoasly  done  to  16  feet 

Alwve  the  forks  (channel  60  to  70  feet  wide;  10  feet  deep). 


Contract 


No. 


1 

2 
8 


Date.. 


Aug.  11, 1887 
Oct  31,1888 
Oct  28,1882 

Oct     1,1894 


Contraoton. 


S.O.  Dixon 

Burdick  &  McMahon  . 

Wisconsin    Dredge    and 

Dock  Co 

McMahon  &  Montgomery 

Co 


Total  to  end  of  fiscal 
year 


Period  of  work. 


Beginning. 


Sept.,     1887 
May    7.1889 

May  16.1893 

Oct  11,1894 


Ending. 


May    5,1888 
Aug.  12, 1889 

June  6.1894 

aDec6,1890 


Amounts 
dredged. 


New 

channel. 


Ou,  yds. 
76,804 
64,100 

19,100 


150,094 


Be- 

dredg. 

iug. 


Ou,yd». 

*i6,'726' 
72,772 
14,924 


96,422 


Total. 


Ou.  yd*. 
76, 804 
64,826 

91,962 

14,924 


248.516 


Contract 


No. 


1 
2 

8 


Data. 


Aug.  U,  1887 
Oct  81,1888 
Oct  28,1802 


Oct 


1,1894 


Contnwtora. 


8.  O.Dixon 

Bardick  A,  McMahon  ..... 
Wisconsin    Dredge    and 

Dock  Co 

McMahon  A,  Montgomery 

Co 


Total  to  end  of  fiscal 
year 


Price  per 
cubic 
yard. 


Cents, 
11 
22 

13.7 

12.9 


Cost  of— 


New  chan- 
nel. 


|8, 448. 44 
U.  902. 00 

2,629.03 


22,979.47 


Bedredg- 
ing. 


$2, 359. 72 
9,969.76 
1,925.20 


Length  of  channel 
improved. 


New 


Feet. 
4,900 
5,600 

2,900 


14, 254. 68 


13,400 


Be- 
dredged. 


Fset, 


2,200 
4,900 
1,500 


8,600 


a  The  contract  was  canceled  at  the  request  of  oontracton  March  18, 1895. 
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J  Js- 

IMPROVEMENT  OF  ILLINOIS  RIVER,  ILLINOIS. 

The  object  of  this  improvement  is  to  secure  ultimately,  in  conne 
with  an  enlargement  of  the  Illinois  and  Michigan  Canal,  or  an  e 
alent  enlarged  channel,  a  waterway  from  the  southern  end  of 
Michigan  to  the  Mississippi  Kiver  of  sui!icient  capacity  for  large 
Mississippi  River  steamboats,  and  for  military  and  naval  purpose: 

The  present  project  was  adopted  in  1880,  and  contemplates  thee 
sion  of  the  slack  water  improvement  begun  by  the  State  of  Illi 
from  the  mouth  of  Copperas  Creek  to  the  Mississippi  River  at  Grs 
111.,  a  distance  of  135  miles.  The  project  includes  the  constructi 
two  locks,  each  350  feet  in  length  of  chamber,  75  feet  in  width,  and 
7  feet  depth  at  low  water  over  sills,  and  dredging  the  channel  \ 
necessary  to  secure  that  depth  of  water  at  low  water  throughou 
pools  created  by  the  dams. 

The  locks  and  dams  have  been  completed  and  have  been  in  use 
1889  and  1893,  respectively.     One  is  situated  at  Lagrange,  79 
above  the  mouth  of  the  Illinois,  the  other  at  Kampsville,  31  miles 
the  Mississippi. 

The  State  of  Illinois,  aided  by  the  United  States,  has  execute(3 
of  the  general  project  by  the  construction  of  locks  and  dams  at  I 
and  Copperas  Creek,  completing,  except  dredging,  that  part  c 
project  between  LaSalle  and  the  mouth  of  Copperas  Creek,  a  dis 
of  about  90  miles,  over  which  section  the  State  of  Illinois  collects 

In  executing  this  work  the  United  States  has  expended  pri 
June  30,  1897,  $1,314,090.62,  including  $25,000  from  appropriati 
August  11, 1888,  for  surveys,  and  exclusive  of  $62,359.80  expended 
a  foundation  for  Copperas  Creek  Lock,  afterwards  completed  t 
State  of  Illinois. 

An  additional  amount  of  $747,747  was  expended  by  the  State  € 
nois  at  Henry  and  Copperas  Creek. 

CONDITION  OF  THE  WOBK  JUNE  30,  1898. 

At  the  beginning  of  the  fiscal  year  dredging  was  in  progress  1 
Kampsville  Lock.  Twenty-three  thousand  live  hundred  and  four 
yards  were  dredged  between  Guilford  Bar  and  the  mouth  of  Mac 
('reek;  6,386  cubic  yards  at  Twelve  Mile  Island.  The  dredges 
then  moved  to  the  pool  between  Lagrange  and  Kampsville  locks 
there  were  dredged  at  Moores  Island  20,445  cubic  yards;  at  New ' 
Creek,  36,776  cubic  yards;  at  Wilsons  Island,  24,937  cubic  yards, 
funds  available  were  then  so  near  exhausted  that  on  September  1 
plant  was  withdrawn  from  the  work. 

Current  repairs  to  plant  were  made  during  the  year.  With  few  c 
tions,  the  dredged  channels  are  reasonably  permanent,  the  excei 
being  at  the  mouths  of  certain  creeks  and  tributaries  which  brj 
heavy  detritus  from  the  blufts.  The  dams  have  no  appreciable 
above  mid-stage  of  the  river  when  tlie  currents  are  strongest,  s< 
all  lighter  sediment  is  swept  away  as  well  now  as  before  the  com 
tion  of  tlie  dams.  That  there  has  been  no  appreciable  general 
the  pools  of  the  Illinois  River  is  a  fact  that  has  been  often  rem; 
upon  by  steamboat  men  and  persons  interested  in  the  use  of  the 
since  the  construction  of  the  first  dam  at  Henry  thirty  years  ago. 

There  are  now  available  for  work  on  the  Illinois  River  and  in  fai 
dition  3  dredges,  3  steam  tenders,  2  quarter  boats,  6  dump  scowt 
several  coal  barges,  and  with  sufficient  means  good  i)rogrcss  cou 
expected. 
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ow  water  outside  of  channels  at  low  water  limits  the  capacity 
id  restricts  the  output  of  dredges.  It  would  be  economy  to 
ne  xwwerfal  dredge,  with  means  of  conveying  dredged  mate- 
^  and  capable  of  working  at  high  as  well  as  low  stages,  to 
b  the  dipper  dredges  now  available. 

ihe  last  season  extraordinary  low  water  prevailed  in  all  the 
the  Mississippi  8ystem,yet  throughout  the  season  a  fair  cban- 
ing  4  feet  in  depth,  was  available  in  the  Illinois  Eiver,  and  it 
ily  tributary  of  tbe  Mississippi  upon  which  navigation  was 
»lly  suspended.  On  this  river  tralfic  in  volume  exceeded 
)f  the  previous  year,  when  a  good  navigable  stage  existed 
:  the  year,  the  tonnage  of  boats  and  barges  having  increased 
S5  tons  in  1897  to  362,676  tons  in  1898.  Much,  if  not  the 
*t,  of  the  traffic  on  this  river  passes  neither  of  the  locks,  but 
;he  pools. 

ring  and  use  of  bottom  lands  and  the  leveeing  of  the  same  to 
m  against  overflow  is  rapidly  increasing,  and  the  wisdom  of 
this  natural  waterway  will  become  more  and  more  apparent 
)  made  of  it  as  the  channel  is  improved.  This  same  process 
lamation,  however,  has  resulted  in  a  demand  for  the  removal 
:s  and  dams  and  the  dredging  of  a  deep  channel  instead, 
in  the  interest  of  navigation.  This  demand  does  not  pro- 
)arties  engaged  in  commerce  by  water,  but  from  the  landed 
^siring  the  dredged  material  deposited  upon  the  banks  in  the 
ees  to  protect  against  overflow  property  now  annually  sub- 

ging  of  a  practicable  channel  now  necessary  to  the  comple- 
adopted  method  of  improvement  must  be  done  under  any  of 
id  plans,  and  it  is  not  apparent  on  what  grounds  appropria- 
is  part  of  the  project  may  be  consistently  opposed  by  any  of 
parties  interested  in  the  Illinois  Eiver  work. 

IHshursementay  fiscal  year  1898. 

$9,499.03 

1,455.63 

lirof  property  and  plant 337.51 

nee  aud  office 3,035.02 

14,327.19 

Appropriations. 

available  from  previonB  appropriations $38, 337. 81 

50 110.000.00 

81 250,000.00 

882 175,000.00 

: 100,000.00 

W6 112,500.00 

1888 200,000.00 

ion, SeptciiiWr  29,  18j0 200,000.00 

12 100,000.00 

1894 35,000.00 

; 40,000.00 

1, 360, 837. 81 
Q  aU  other  sources 535.40 

1,3(U,373.21 

June  30, 1S:)8 1.358,417.81 

&  unexpended  Juno  30, 1808 2,955.40 


1 
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Money  statement 

July  1,1897,  balance  unexpended $17,282.59 

June  dO,  18SKB,  amount  expended  during  fiscal  year 14, 327. 19 


Jaly  ly  1898,  balance  unexpended 2,955.40 


'Amount  (estimated)  required  for  completion  of  existing  project 357,000.00 

Amount  that  can  be  profitably  expended  in  fiscal  yearending  June  30, 1900  357,000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  ciyil  act  of  June  4,  1897. 


Arrival  and  d^arture  of  sieamhoats  and  barges  at  St.  Louis,  Mo.,  via  Illinois  Bittft 

calendar  year  1897. 


Month. 


Janaary  

February  

March 

April 

Miy 

Jane 

J»^y-  • * 

August 

September 

October 

November 

December 

Total 


Ar- 

rivals. 


4 

3 

12 

16 

13 

16 

17 

18 

11 

12 

7 

1 


130 


Depart* 
area. 


2 

4 
7 
12 
15 
13 
10 
11 
10 
10 
8 


102 


Re. 

ceipta. 


45 

70 
4,060 
14, 41U 
2,»K) 
4,040 
4,210 
3,580 
1,245 
1.410 
1,180 


38,130 


SUp- 


790 
875 
KO 
975 
775 
340 

1,210 
»85 

6«5 


7.065 


BBPORT  or  MR.  C.  V.  BRAINARD,  ASSISTANT  ENQIXEER. 

Kampsville,  III.,  June  SO,  1898. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  operations  upon  improv- 
ing Illinois  River  for  the  fiscal  year  ending  June  '30, 1898 : 

At  the  beginning  of  the  fiscal  year  dredging  was  in  progress  between  the  moath 
of  Macoupin  Creek  and  Guilford  Bar.  A  channel  5,000  feet  long,  130  feet  wide,  and 
7  feet  deep,  was  completed  through  this  distance,  53,265  cubic  yards  of  sand  and  mad 
being  moved,  of  which  26,761  cubic  yards  was  done  in  the  previous  fiscal  ye-ar. 

Twelve- Mile  Island  (18  miles  below  Kampsville  Lock).— On  July  21  the  dredges  were 
moved  to  the  head  of  Twelve-Mile  Island,  to  widen  the  channel  dredged  there  in  18S6, 
between  the  mouth  of  Otter  Creek  and  the  head  of  the  island.  One  cut  was  made 
along  the  east  side  of  the  former  channel,  making  it  130  feet  wide,  moving  6,386 
cubic  yards  of  sand.  This  work  was  discontinued  because  of  the  rapidly  risinz 
river,  the  stage  being  too  hi^h  to  hold  the  dredges  in  position,  and  the  fleet  towed 
to  Moores  Island,  about  70  miles  up  the  river  and  1  mile  below  Lagrange  Lock. 

Moores  Island  {1  mils  below  Lagrange  Lock). — A  cut  2,200  feet  long,  106  feet  wide, 
and  7  feet  deep,  was  dredged  here,  20,445  cubic  yards  of  clay  being  moved. 

New  Camp  Creek  (S  miles  below  Lagrange  Lock). — This  dGredged  channel  is  2,300 
feet  long  and  the  same  width  and  depth  as  at  Moores  Island.  About  1,460  linear 
feet  of  the  west  cut  of  this  channel  was  cast  to  one  side,  the  water  being  too  shoal 
to  operate  the  to  wheats  and  scows.  Thirty-six  thousand  seven  hundred  and  seventy- 
eight  cubic  yards  of  sand  was  removed  from  the  dredged  channel. 

fVilsons  Island  (6  miles  below  Lagrange  Lock). — A  channel  2,275  feet  long  was  made 
at  this  point,  the  same  width  and  depth  as  at  Moores  Island,  by  the  removal  of 
24,937  cubic  yards  of  mud. 

The  funds  for  improving  Illinois  River  being  exhausted,  work  was  ordered  stopped 
upon  the  completion  of  this  channel.  On  September  25  one  dredge  was  towed  to 
Lagrange  Lock  to  fill  above  the  dam,  and  the  other  two,  with  office  boat,  quarter 
boats,  scows,  and  barges,  were  towed  to  Kampsville  Lock. 

During  the  work  the  following  repairs  were  made  to  the  dredges : 

Apache. — Set  out  friction  blocks  of  hoisting  dram,  put  two  new  stnd  bolts  in  box- 
ings of  countershaft  of  hoisting  engines,  and  repaired  crack  in  hoisting  drum. 
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r  Ko.  1. — ^Two  new  spuds  and  a  pair  of  new  friction  wheels  on  the  orane. 

I  No,  g. — One  new  spnd,  repaired  broken  crown  wheel,  afterwards  replacing 

k  new  one,  and  a  new  shaft  for  the  swinging  engines. 

doee  of  the  dredging  there  was  a  navkrable  channel  exceeding  4  feet  in 

Dm  Copperas  Creek  Lock  to  the  month  of  the  river. 

^  the  calendar  year  1897  there  was  moYed  178,491  cubic  yards  of  sand  and  mud. 

for  this  was  $15,326.88,  inclnding  all  repairs,  supplies," labor,  and  watchmen, 

sents  per  cubic jrard.    This  does  not  include  cost  of  superintendence. 

ry  respectfully,  your  obedient  servant, 

C.  V.  Brainard, 
AsBiatani  Engineer. 
r.  L.  Marshall, 
Cwpe  of  JEnffineers. 


na  of  (iridailff)  rendinge  of  the  upper  gauge  at  Copperae  Creek  Loch,  1897. 

[Plane  of  referenoe :  Lower  miter  sill.] 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug, 

Sept. 

Oct 

Not. 

Deo. 

•  *  • 

12.80 

17.13 

17.53 

21.30 

16.60 

13.10 

14.07 

12.18 

11.90 

11.80 

11.90 

1220 

•  •  - 

13.20 

17.00 

17.60 

21.30 

16.50 

13.00 

14.00 

12.07 

11.90 

11.80 

12.00 

1220 

•  •  • 

13.  tW 

16.93 

17.43 

21.30 

16.47 

12.87 

13.90 

12.10 

11.90 

11.80 

12.00 

1220 

•  •  • 

14.30 

16.67 

17.20 

21.20 

16.33 

12.80 

13.80 

12.10 

11.97 

11.80 

11.87 

1210 

■  «  * 

14.03 

16.50 

17.30 

21.07 

16.20 

12.80 

13.80 

12.20 

11.90 

1L80 

11.83 

1210 

*  •  • 

15.73 

16.30 

17.63 

20.87 

16.20 

12.70 

13.70 

12.13 

11.90 

11.80 

12.00 

12.10 

>  •  • 

16.57 

16.40 

17.40 

20.50 

16.17 

12.70 

13.67 

12.00 

11.90 

11.80 

1210 

12.10 

•  «  * 

16.90 

16.40 

17.40 

20.20 

16.10 

12.60 

13.60 

12.00 

n.oo 

11.80 

12.20 

1210 

»  ■  a 

17.13 

16.67 

17.63 

19.97 

16.00 

12  60 

13.50 

12.00 

11.90 

11.80 

12.20 

1210 

•  •  • 

17.37 

16.70 

17.73 

10.70 

15.97 

12.60 

13.27 

12.00 

11.90 

11.80 

12.07 

1L90 

»  a  M 

17.03 

16.70 

17.98 

19.40 

16.77 

12.50 

13.10 

12  00 

11.90 

11.80 

12  03 

1L70 

•  ■  • 

17.90 

16.57 

18.13 

19.03 

15.67 

12.50 

13.17 

12.00 

11.90 

11.80 

12.20 

1L70 

... 

18.13 

16.87 

18.40 

19.00 

15.50 

12.40 

13.00 

12.00 

11.90 

11.80 

12.20 

11.70 

... 

18.23 

16.30 

18.80 

18.67 

16.37 

12.40 

12.87 

11.93 

11.90 

1L80 

12  20 

11.70 

... 

18.23 

16.30 

19.03 

18.57 

16.20 

12.30 

12.70 

11.80 

11.80 

11.80 

12.20 

11.67 

>*• 

18. 10     16. 30 

19.30 

18.36 

15.  U3 

12.17 

12.80 

11.90 

11.80 

11.80 

12.20 

11.60 

• .  . 

18.00     10.30 

19.63 

18.10 

14.93 

12.00 

12  77 

12.00 

11.90 

12.03 

12.30 

n.50 

... 

18.07     16.40 

19.63 

17.90 

14.80 

12.03 

12.70 

12.00 

11.83 

11.90 

12.30 

11.60 

•  •  • 

18.10     10.43 

19.90 

17.77 

14.63 

12.20 

12.73 

12.00 

11.90 

11.90 

12.30 

11.60 

•  •  ■ 

18.13     16.50 

20.20 

17.67 

14.60 

12.67 

12.80 

12.00 

11.90 

11.90 

12.80 

11.60 

t  •  • 

18.23     16.60 

20.43 

17.36 

14.37 

12.83 

12.77 

11.90 

11.90 

11.90 

12.20 

11.40 

1  ■  • 

18.30     16.57 

20.90 

17.17 

14.17 

13.03 

12.70 

n.9o 

11.90 

n.90 

12  20 

1L40 

18.30     16.73 

21.20 

17.10 

14.00 

18.24 

12.70 

11.90 

11.90 

11.90 

12  20 

11.40 

•  ■ 

ia20     16.97 

21.00 

17.10 

18.83 

13.40 

1270 

11.90 

11.90 

11.00 

12.20 

11.40 

•  • 

18. 10     17. 13 

21.77 

17.07 

13.73 

13.63 

12.70 

11.90 

1L80 

11.90 

1233 

11.40 

1&  DO     17. 37 

21.80 

17.00 

13.67 

13.83 

12.70 

11.90 

11.80 

11.90 

12.43 

1L40 

17. 1»  1  17. 67 

21.80 

16.87 

13.60 

13.90 

12.60 

11.90 

11.80 

11.90 

12.60 

11.40 

.*■  17.73     17.73      21.80 
..  17.67    21.70 

16.77 

13.53 

14.00 

12.60 

n.9o 

11.80 

11.90 

12.50 

1L40 

16.70 

13.37 

14.00 

12.47 

11.90 

n.80 

11.90 

12.87 

11.40 

..  17.17    1 

21. 67 

16.66 

13.23 

14.00 

12  40 

11.90 

11.80 

11.00 

12.27 

11.40 

*• 

17.27    

21.40 

13.10 

ft 

12.80 

11.90 

11.90 

11.40 

-  ] 

17.11      16.69 

19.40 

18.71 

14.98 

12.89 

13.03 

11.98 

11.87 

11.86 

12.19 

U.60 
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Means  of  (tridaily)  readings  of  the  lower  gauge  at  Copperas  Creek  Locky  1897. 

[Plane  of  reference:  Lower  miter  silL] 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

9.43 
9.77 
11.50 
12.63 
13.67 
14.73 
15.60 
16.20 
16. 73 
17.10 
17.40 
17.63 
17.77 
17.87 
17.90 
17.90 
17.90 
18.00 
18.00 
18.10 
18.10 
18.10 
18.10 
17.97 
17.77 
17.56 
17.43 
17.13 
16.94 
16.77 
16.43 

16.20 
16.97 
15.87 
15.63 
15.47 
15.30 
15.40 
15.40 
15.53 
15.60 
15.60 
15.60 
15.70 
15.83 
15.90 
15.90 
15.93 
16.00 
16.00 
16.10 
16.10 
16.20 
16.43 
16.70 
16. 93 
17.17 
17.33 
17.37 

17.23 
17.10 
17.07 
17.00 
17.03 
17.23 
17.40 
17.40 
17.47 
17.53 
17.80 
18.03 
18.27 
18. 57 
18.83 

(a) 

(a) 

(a) 

(a) 

(a) 
(a) 

(a) 
(a) 

(a) 
(a) 
(a» 
(a) 

(a) 
(a) 
(a) 
(a) 

(a) 
(a) 
(a) 

(O) 

(a) 

[«) 

(a) 

(a) 

(a) 

(a) 

(a) 

18.97 

18.80 

18.67 

18.40 

18.17 

17.97 

17.76 

17.57 

17.37 

17.16 

17.10 

16.90 

16.90 

16.90 

16.80 

16.67 

16.57 

16.50 

16.40 

16.30 
16.20 
16.17 
16.03 
16.00 
15.97 
15.87 
15.80 
16.70 
15.67 
15.40 
15.37 
15.20 
15.07 
14.87 
14.63 
14.53 
14.40 
14.23 
14.07 
13.87 
13.77 
13.57 
13.33 
13.17 
12.97 
12.80 
12.63 
12.43 
12.27 
12.07 

11.87 

11.70 

11.60 

11.37 

11.20 

10.93 

10.80 

10.60 

10.30 

10.13 

9.97 

9.87 

9.80 

9.57 

9.30 

9.07 

8.87 

8.93 

9.20 

9.57 

9.90 

TO.  33 

10.80 

11.13 

11.80 

12.10 

12.33 

12.60 

12.80 

12.83 

12.97 
12. 87 
12. 87 
12.80 
12. 70 
12.70 
12,67 
12. 57 
12.40 
12.20 
12.10 
12.13 
11.87 
11.40 
11.00 
11.00 
10.70 
10.63 
10.67 
10.37 
10.28 
10.10 
10.00 
10.13 
10.20 
10.00 
9.80 
9.80 
9.60 
9.37 
9.10 

8.97 
8.80 
8.77 
8.37 
8.26 
8.00 
7.97 
7.87 
7.78 
7.60 
7.50 
7.47 
7.40 
7.27 
7.20 
7.10 
6.97 
6.87 
6.90 
6.80 
6.80 
6.77 
6.70 
6.70 
6.70 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 

6.80 
•  6.80 
6.80 
6.87 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.80 
6.80 
6.70 
6.80 
6.90 
6.83 
6.80 
6.80 
6.80 
6.80 
6.80 
6.77 
6.70 
6.70 
6.70 
-   6.70 
6.70 
6.70 

6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.70 
6.90 
6.87 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.83 
6.90 
6.90 
6.90 

6.90 
7.00 
6.90 
6.83 
6.80 
6.90 
7.00 
7.10 
7.2:1 
7.27 
7.20 
7.30 
7.40 
7.43 
7.50 
7.50 
7.50 
7.50 
7.60 
7.50 
7.50 
7.50 
7.50 
7.50 
7.63 
8.03 
8.14 
8.20 
8.17 
8.07 

7.97 

2 

7.87 

3 

7.80 

4 

7.70 

5 

8.00 

6 

8.(>0 

7 

7.87 

8 

7.80 

9 

7.70 

10 

7.73 

11 

8.20 

12 

8.20 

l\i 

8.10 

14 

8.23 

15 

8.17 

16 

7.87 

17 

7.93 

18 

8.20 

19 

8.20 

20 

8.20 

21 

&20 

22 

azo 

23 

8.20 

24 

8.20 

25 

8.20 

26 

8.20 

27 

8.20 

28 

8.20 

29 

8.20 

30 

8.20 

31 

8.20 

M<^iinR 

16.39 

16.04 

14.62 

10.71 

11.19 

7.36 

6.81 

6.76 

7.42 

8.06 

a  Water  level  above  the  top  of  the  gauge. 

Means  of  (tridaily)  readings  of  the  upper  gauge  at  Lagrange  Lock,  1897, 

[Plane  of  reference :  Lower  miter  sill.] 


Day. 

Jan, 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1 

16.93 
16.02 
17.40 
17.92 
18.52 
18.88 
19.07 
19.18 
19.25 
19.22 
19.27 
19.42 
19.47 
19.67 
19.95 
20.10 
20.38 
20.52 
20.68 
20.60 
20.65 
20.66 
20.65 
20.55 
20.32 
20.06 
19.85 
19.73 
19.63 
19.37 
19.08 

18.83 
18.65 
18.52 
18.43 
18.35 
18.38 
18.40 
18.38 
18.33 
18.28 
18.23 
18.18 
18.18 
18.32 
18.65 
18.62 
18.68 
18.80 
18.92 
19.03 
19.12 
19.22 
19.83 
19.35 
19.40 
19.40 
19.40 
19.47 

19.50 
19.57 
19.60 
19.60 
19.95 
20.20 
20.33 
20.42 
20.50 
20.65 
20.85 
21.00 
21.18 
21.37 
21.52 
21.70 
21.87 
22.12 
22.40 
22.65 
22.78 
22.98 
23.16 
23.35 
23.65 
23.83 
23.95 
24.05 
24.10 
24.10 
24.37 

24.65 
25.00 
25. 10 
25.08 
25.00 
24.95 
24.70 
24.45 
24.20 
24.03 
23.80 
23.58 
23.30 
23.  a5 
22.80 
22.52 
22.25 
22.08 
21.77 
21.57 
21.40 
21.13 
20.95 
20.92 
20.88 
20.70 
20.56 
20.40 
20.30 
20.23 

20.13 
20.10 
20.10 
20.10 
20.10 
20.02 
19.93 
19.80 
19.68 
19.50 
19.36 
19.08 
18.80 
18.45 
18.25 
18.13 
18.00 
17.86 
17.75 
17.63 
17.53 
17.48 
17.43 
17.35 
17.25 
17.17 
17.20 
17.20 
17.10 
16.^5 
16.83 

16.75 
16.75 
16. 72 
16.68 
16.60 
16.55 
16.48 
16.40 
16.35 
16.27 
16.20 
16.18 
16.13 
16.05 
15.97 
15.93 
15.85 
15.78 
15.75 
15.85 
15.93 
16.00 
16.02 
16.37 
16.52 
16.47 
16.50 
16.  58 
16.66 
16.70 

16.77 
16.82 
16.95 
16.92 
17.20 
17.18 
17.08 
16.98 
16.88 
16.80 
17.27 
17.10 
16.83 
16.72 
16.65 
16.62 
16.50 
16.42 
16.33 
16. 30 
16.22 
16.17 
16.02 
16.15 
16. 38 
16.27 
16.20 
16.13 
16.00 
15.93 
15.85 

15.78 
16.72 
15.72 
15.70 
15.68 
15.58 
15.52 
15.50 
15.43 
16.40 
15.83 
15.30 
15.30 
15.23 
15.  20 
15.20 
16.15 
15.13 
15.10 
15.07 
15.05 
15.08 
15.05 
15.02 
15.05 
15.05 
15.05 
15.05 
15.05 
15.05 
15.05 

15.02 
15.00 
15.03 
15.10 
15.17 
16.22 
15.27 
15.33 
15.35 
15.35 
15.35 
15.35 
15.35 
15.35 
15.30 
15.32 
15.33 
15.30 
15.30 
15.33 
15.35 
15.35 
15.35 
15.33 
15.30 
15.  35 
15.40 
15.38 
15.35 
15.35 

15.35 
15.35 
15.35 
15.40 
15.40 
15.40 
15.40 
15.40 
15.40 
15.40 
15. 40 
15.40 
15.43 
15.45 
15.40 
15.40 
15.40 
15.40 
15.40 
15.40 
15.40 
15.37 
15.  .38 
15.40 
15.40 
15.40 
15.40 
15. 40 
15.40 
15.40 
15.40 

15.40 
15.40 
15.40 
15.40 
15.40 
15.40 
15.45 
15.50 
15.50 
15.50 
15.55 
15.58 
15.60 
15.60 
15.60 
15.60 
16.60 
15.57 
15.45 
15.30 
15.30 
15.28 
15. 25 
15.23 
15. 20 
15.25 
15.36 
15.40 
15.37 
15.35 

15  35 

2 

15.30 

3 

15.30 

4 

15  27 

6 

15  32 

6 

15.20 

7 

15.20 

8 

9 

15.20 
15.22 

10 

15.25 

11 

15.30 

12 

15.38 

18 

14 

15.40 
15.42 

16 

15.38 

16 

15.30 

17 

15.28 

18 

15.23 

19 

15.20 

20 

15.20 

21 

22 

15.20 
16.25 

23 

15.22 

24 

15.20 

26 

16.20 

26 

16.20 

27 

15.20 

28 

15.20 

29 

15.20 

80 

15.20 

31 

16.25 

Means. 

19.42 

18.74 

21.85 

22. 71 

18.46 

1G.30 

16.57 

15.28 

15.29 

15.40 

15.43 

15.28 
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Means  of  (tridaily)  readings  of  the  lower  gauge  at  Lagrange  Look,  1897, 

.    [Plane  of  reference:  Loirer  miter  sill.] 


Dey. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnoe. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Beo. 

1 

10.90 
11.67 
15.27 
17.07 
17.70 
18.13 
18.38 
18.56 
18.48 
18.48 
1&63 
18.75 
18.88 
19.08 
19.30 
19.43 
19.68 
20.00 
20.06 
20.15 
20.20 
20.20 
20.25 
20.15 
19.87 
19.52 
19.32 
19.23 
19.13 
18.68 
18.80 

18.10 
17.85 
17.70 
17.58 
17.47 
17.52 
17.55 
17.52 
17.43 
17.38 
17.22 
17.13 
17.15 
17.42 
17.76 
17.86 
17.93 
18.10 
18.23 
18.37 
18.42 
18.52 
18.62 
18.70 
18.75 
ia70 
18.70 
18.76 

18.87 
18.93 
18.97 
19.03 
19.50 
19.75 
19.93 
20.00 
20.08 
20.25 
20.46 
20.58 
20.77 
20.97 
21.13 
21.40 
21.66 
21.87 
22.12 
22.35 
22.57 
22.73 
22.90 
23.12 
23.40 
23.68 
23.72 
23.82 
23.90 
23.97 
24.10 

24.43 
24.80 
24.92 
24.93 
24.85 
24.75 
24.55 
24.30 
24.07 
23.85 
23.60 
23.42 
23.07 
22.85 
22.60 
22.33 
22.05 
21.85 
21.58 
21.32 
21.16 
20.88 
20.70 
20.67 
20.58 
20.43 
20.27 
20.10 
19.98 
19.88 

19.78 
19.75 
19.78 
19.80 
19.77 
19.67 
19.56 
19.45 
19.36 
19.10 
18.88 
18.56 
18.27 
17.93 
17.58 
17.85 
17.07 
16.77 
16.48 
16.18 
15.93 
15.65 
15.45 
15.25 
15.03 
14.77 
14.76 
14.80 
14.63 
14.40 
14.05 

13.85 
13.67 
13.45 
13.26 
13.05 
12.85 
12.63 
12.35 
12.16 
11.93 
11.70 
11.57 
11.42 
11.25 
11.05 
10.85 
10.65 
10.46 
10.28 
10.60 
10.70 
10.85 
1L18 
11.90 
12.47 
12.42 
12.60 
12.72 
12.88 
13.06 

13.15 
13.35 
13.67 
13.58 
14.07 
14.28 
14.07 
13.83 
13.55 
13.35 
14.27 
13.97 
13.50 
13.20 
12.88 
12.63 
12.40 
12.13 
11.97 
11.83 
11.68 
11.52 
11.32 
11.53 
12.42 
12.18 
11.73 
11.40 
11.05 
10.90 
10.68 

10.45 
10.37 
10  07 
10.03 
10.02 
9.88 
9.68 
9.55 
9.35 
9.15 
8.97 
8.92 
8.73 
8.63 
8.46 
8.42 
8.37 
8.27 
8.16 
8.07 
8.05 
8.08 
8.00 
8.02 
8.08 
8.13 
8.23 
8.20 
8.20 
8.20 
8.20 

&20 
8.16 
8.13 
8.12 
8.07 
8.08 
8.07 
7.98 
8.05 
8.05 
8.00 
8.00 
8.00 
8.02 
8.00 
7.95 
7.90 
7.85 
7.85 
7.88 
7.90 
7.90 
7.95 
8.00 
8. 00 
7.98 
7.87 
7.85 
7.85 
7.86 

7.86 
7.80 
7.80 
7.80 
7.80 
7.78 
7.75 
7.73 
7.73 
7.80 
7.80 
7.80 
7.85 
7.90 
7.90 
7.90 
7.90 
7.90 
7.90 
7.90 
7.90 
7.87 
7.88 
7.90 
7.90 
7.90 
7.90 
7.95 
7.93 
7.90 
7.90 

7.92 
7.95 
7.95 
7.95 
7.95 
7.95 
8.05 
8.15 
8.17 
8.20 
8.26 
8.28 
8.30 
8.35 
8.40 
8.43 
8.38 
8.35 
8.78 
8.85 
8.75 
8.65 
8.62 
8.60 
8.76 
8.87 
8.96 
9.06 
9.07 
9.05 

9  00 

• 

8  07 

3 

8  00 

4 

5 

8.85 
8.70 

6 

8.73 

7 

8.70 

g 

8.67 

9 

10 

8.65 
8.70 

11 

8.80 

12 

13 

9.00 
9.17 

14 

9.22 

15 

9.10 

16 

17 

18 

1» 

30 

21 

8.97 
8.88 
9.00 
9.00 
9.00 
9.00 

9.00 

23 

9.00 

34 

9.00 

25 

9.00 

9.00 

27 

8.98 

8.95 

9 

8.90 

8.93 

ai 

9.02 

lfcan«. 

18.50 

17.96 

21.60 

22.49 

17.28 

11.99 

12.65 

8.80 

7.98 

7.86 

8.48 

8.93 

Means  of  {tridaily)  readings  of  the  upper  gauge  at  Kampsville  Lock,  1897. 

[Plane  of  reference:  Lower  miter  sill.] 


I>«T. 

Jan. 

Feb. 

Mar. 

ApriL 

May. 

June. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

15.00 
16.53 
18.17 
18.85 
20.20 

ao.78 

20.63 
19.93 
18.97 
18.48 
18.40 
18.40 
J8.42 
18  55 
18.60 
18.65 
18.88 
19.07 
19.20 
19.33 
19.35 
19.38 
19.43 
19.38 
19.22 
19. 12 
18.75 
18.52 
18.30 
18.25 
18.15 

18.12 
18.03 
17.95 
17.92 
17.90 
18.05 
18.08 
18.07 
17.90 
17.90 
17.83 
17.80 
17.83 
17.92 
18.00 
18.05 
18.10 
18.15 
18.15 
18.16 
18.20 
18.26 
18.30 
1&30 
18.30 
18.30 
18.25 
1&25 

18.30 
18.40 
18.50 
18.57 
10.52 
19.90 
20.67 
20.67 
20.40 
20.20 
19.97 
19.96 
19.96 
20.07 
20.22 
20.40 
20.65 
20.90 
21.23 
21.65 
21.85 
22.15 
22.45 
22.75 
23.05 
23.40 
23.78 
24.03 
24.35 
24.78 
24.93 

26.55 
26.22 
26.92 
27.30 
27.60 
27.75 
27.60 
27.30 
27.02 
27.00 
26.90 
26.68 
26.37 
26.03 
26.65 
25.28 
24.93 
24.65 
24.35 
24.20 
24.07 
24.00 
23.98 
24.00 
24.12 
24.10 
24.17 
24.35 
24.80 
25.30 

25.70 
25.87 
25.95 
25.80 
25.53 
25.13 
24.69 
24.15 
23.65 
23.20 
22.60 
21.95 
21.17 
20.38 
19.80 
19.28 
18.80 
18.35 
17.98 
17.75 
17.68 
17.48 
17.45 
17.38 
17.28 
17.13 
17.12 
17.15 
17.15 
17.08 
16.98 

16.95 
16.88 
16.78 
16.70 
16.63 
16.58 
16.50 
16.45 
16.38 
16.85 
16.30 
16.23 
16.20 
16.15 
16.10 
16.03 
16.00 
15.95 
15.90 
16.90 
15.90 
16.00 
16.00 
16.40 
16.90 
16.75 
16.68 
16.65 
16.85 
16.85 

16.85 
16.85 
16.87 
16.90 
16.95 
17.30 
17.05 
16.98 
16.90 
16.83 
16.85 
16.98 
16.88 
16.78 
16.70 
16.63 
16.53 
16.45 
16.40 
16.33 
16.23 
16.20 
16.10 
16.27 
17.15 
16.97 
16.55 
16.35 
16.16 
16.08 

I6.ro 

16.95 
15.93 
15.85 
15.90 
16.05 
15.98 
15.88 
15.80 
16.76 
15.70 
15.63 
15.65 
15.55 
15.50 
15.48 
15.40 
15.40 
15.40 
15.38 
15.30 
15.32 
15.40 
15.35 
15.70 
16.00 
16.10 
16.10 
16.10 
16.10 
16.10 
16.10 

16.10 
16.10 
16.10 
16.10 
16.05 
16.05 
16.05 
16.05 
16.05 
16.00 
16.00 
16.00 
16.00 
16.05 
16.08 
16.10 
16.05 
16.00 
15.95 
15.92 
15.90 
16.02 
16.03 
15.95 
16.00 
16.00 
16.05 
16.00 
15.93 
15.93 

16.00 
16.00 
16.00 
16.00 
15.95 
15.96 
16.00 
15.95 
16.00 
16.00 
16.00 
16.00 
16.00 
15.93 
16.00 
15.90 
15.93 
15.95 
15.98 
16.00 
16.05 
16.03 
.16.00 
16.00 
16.00 
16.03 
16.06 
16.05 
16.00 
16.00 
16.00 

16.05 
16.00 
15.95 
15.78 
16.03 
16.00 
16.05 
16.05 
16.03 
16.00 
16.00 
16.05 
16.10 
16.07 
16.15 
16.15 
16.15 
16.13 
16.10 
16.15 
16.17 
16.20 
16.20 
16.15 
16.03 
16.15 
16.18 
16.00 
16.00 
15.93 

15.80 

2 

3 

15.58 
15.40 

4. 

15.30 

5 

15.38 

6 

15.42 

7 

15.48 

8 

15.45 

9 

15.45 

10 

15.55 

11 

15.52 

12 

15.50 

13 

15.57 

14 

15.63 

15 

16 

17 

15.53 
15.62 
15.58 

18 

15.43 

19 

15.45 

a) 

15.45 

21 

15.45 

22 

15.46 

23 

15.45 

24 

16. 45 

25 

n 

21 

15.45 
15. 45 
15.40 

S 

15.40 

» 

15.40 

» 

15.40 

n 

15.40 

Heena. 

18.83 

18.07 

21.21 

25.60 

20.67 

16.40 

16.65 

15.73 

16.02 

15.99 

16.06 

16.48 
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Means  of  (iridaily)  readings  of  the  Tower  gauge  at  KampsvUle  Lock,  1887, 

[Plane  of  reference:  Loirer  miter  eill.] 


D»7. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oot 

KOT. 

Deo. 

1 

10.10 
11.07 
16.02 
18.20 
19.90 
20.55 
20.33 
19.57 
18.35 
17.40 
16.93 
16.85 
16.86 
16.93 
17.03 
17.20 
17.65 
18.10 
18.40 
18.60 
18.65 
18.68 
18.67 
18.60 
18.25 
18.05 
17.55 
17.29 
16.90 
16.72 
16.32 

16.08 
15.98 
15.78 
15.68 
15.58 
15.87 
16.08 
16.10 
15.92 
15.60 
15.53 
15.46 
15.50 
15.77 
15.87 
16.00 
16.13 
16.26 
16.35 
16.40 
16.50 
16.70 
16.90 
17.00 
17.03 
16.95 
16.88 
16.80 

16.82 
16.97 
17.30 
17.52 
18.90 
19.36 
20.19 
20.25 
19.90 
19.67 
19.40 
19.40 
19.40 
19.45 
19.00 
19.80 
20.07 
20.38 
20.73 
21.07 
21.43 
21.75 
22.08 
22.38 
22.70 
23.05 
23.38 
23.73 
24.i)5 
24.38 
24.68 

26.30 
25.93 
26.  b8 
27.10 
27.40 
27.55 
27.38 
27.10 
26.82 
26.80 
26.70 
26.48 
26.17 
25.82 
25.45 
26.08 
24.73 
24.46 
24.15 
24.00 
23.87 
23.80 
23.78 
23.80 
23.92 
23.90 
23.97 
24.15 
24.67 
25.20 

26.60 
25.77 
25.85 
25.70 
25.43 
25.03 
24.53 
23.95 
23.45 
23.00 
22.40 
21.76 
20.92 
20.10 
19.45 
18.88 
18.33 
17.83 
17.30 
16.80 
16.33 
16.90 
15.60 
15.23 
14.98 
14.65 
14.48 
14.40 
14.40 
14.25 
13.93 

13.66 
13.43 
13.23 
13.05 
12.92 
12.85 
12.73 
12.66 
12.38 
12.15 
11.96 
11.75 
11.55 
11.30 
11.10 
11.00 
10.93 
10.82 
10.70 
10.70 
10.75 
11.05 
11.55 
12.45 
13.80 
13.88 
13.90 
13.92 
13.43 
14.65 

14.70 
14.95 
15.67 
15.40 
14.85 
15.25 
15.02 
14.70 
14.30 
13.90 
13.90 
13.97 
13.60 
13.20 
12.95 
12.75 
12.55 
12.38 
12.30 
12.20 
11.95 
11.85 
11.70 
12.17 
14.25 
15.48 
15.95 
15.63 
14.27 
13.20 
12.75 

12.48 

12.22 

12.03 

11.82 

11.96 

11.80 

11.35 

ILIO 

10.90 

10.73 

10.66 

10.40 

10.36 

10.38 

10.33 

10.20 

10.18 

10.08 

9.95 

9.83 

9.72 

9.55 

9.29 

8.93 

8.78 

8.72 

8.63 

&35 

8.18 

8.05 

7.87 

7.83 
7.76 
7.68 
7.68 
7.50 
7.45 
7.40 
7.33 
7.30 
7.37 
7.47 
7.35 
7.20 
7.18 
7.10 
7.25 
7.26 
7.05 
7.12 
6.90 
6.87 
6.95 
6.90 
6.96 
7.02 
7.08 
7.00 
6.95 
6.87 
6.88 

e.90 
6.93 
6.90 
6.85 
6.76 
6.78 
6.73 
6.65 
6.85 
6.90 
6.90 
6.85 
6.83 
6.62 
6.72 
6.90 
6.92 
7.00 
6.93 
6.85 
6.82 
6.85 
6.88 
6.92 
6.97 
6.96 
6.93 
7.00 
6.95 
6.90 
6.96 

7.4T 
7.02 
6.73 
6.70 
6.93 
6.02 
7.13 
7.87 
7.40 
7.33 
7.28 
7.27 
7.40 
7.42 
7.65 
7.00 
7.62 
7.70 
7.68 
7.85 
7.92 
8.00 
7.85 
7.95 
8.08 
8.00 
8.03 
8.28 
8.20 
8.23 

iTS 

2 

Hi 

3 

&S7 

4 

R.10 

6 

8.07 

6 

7.M 

7 

8 

7.85 
7.8S 

9 

7.87 

10 

8.13 

11 

8.10 

12 

8.10 

13 

8.4S 

14 

&» 

16 

IV 

16 

8.S5 

17 

&4S 

18 

8.75 

19 

&cr 

20 

&60 

21 

8.45 

22 

&45 

23 

8.45 

24 

R.45 

25 

8.40 

26 

8.40 

27 

8.35 

28 

8.  SI 

29 

8.30 

80 

aio 

81 

&4D 

Means.. 

17.47 

16.17 

20.64 

26.40 

19.55 

12.84 

13.79 

10.16 

7.22 

6.87 

7.67 

8.32 

J  J  6. 

OPERATING  AND  CARE  OF  LAGRANGE  AND  KAMPSVILLE  LOCKS,  ILLINOIS 

RIVER,  AND  APPROACHES  THERETO. 

These  locks  and  dams  have  been  operated  and  maintained  nnder  the 
indefinite  appropriation  provided  for  in  section  4  of  the  river  and 
harbor  act  of  July  5, 1884. 

Lagrange  Lock  and  Dam, — These  works  were  operated  and  maintained 
in  good  order  during  the  year.  The  drift  was  kept  cleared  from  the 
dam;  the  lock  gates  were  calked,  painted,  and  repaired;  guide  pilec 
were  placed  above  and  below  the  lock  entrances;  1,470  cubic  yards  oi 
filling  were  placed  above  the  dam,  and  low  places  about  the  grounds 
filled  in  and  the  buildings  and  plant  kept  in  order. 

KampsvUle  Lock  and  Dam. — Drift  was  cleared  from  the  dam,  clamps 
of  guide  piles  driven  at  entrances  to  the  lock,  400  cubic  yards  eedimeni 
were  removed  from  the  lock  and  filling  was  placed  above  the  dam  and 
on  upper  side  of  east  abutment,  4,470  cubic  yards  earth  and  35  cubic 
yards  riprap  and  gravel  being  used  for  the  purpose. 

Current  repairs  were  made  to  lock  houses  and  buildings,  1,650  feel 
plank  sidewalk  built,  and  500  cubic  yards  filling  placed  about  the 
grounds. 

Two  new  dump  scows  were  built  and  repairs  made  to  boats  and 
plant. 

The  river  was  unusually  low  during  the  season,  but  nevertheless 
there  was  a  small  increase  in  the  tonnage  passing  the  locks  over  thai 
passing  in  1897. 
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Money  statements. 

LAOBANGS  LOCK. 

Jnly  1, 1897,  balaTioe  unexpended  (ontstanding) $496. 10 

Jnly  1, 1897,  allotment  for  fiscal  year 10,000.00 

Total 10,496.10 

Jnne  30, 1898,  amount  expended  daring  fiscal  year 6,344.37 

Jnly  1, 1898,  balance  unexpended 4,151.73 

July  1, 1898,  outstanding  liabilities 437.50 

July  1, 1898,  balance  available 3,714.23 

KAMPSVIUJE  LOCK. 

July  1, 1897,  balance  unexpended  (outstanding) $480.60 

Jnly  1, 1897,  allotment  for  fiscal  year 10,000.00 

Total 10,480.60 

June  30,  1898,  amount  expended  during  fiscal  year 7, 223. 31 

July  1, 1898, balance  unexpended 3,257.29 

Jnly  1, 1898,  outstanding  liabUities 798.44 

July  1, 1898,  balance  available 2,458.85 

Di$hur8€meni§f  fiscal  year  1898* 

Lagrange  Lock,  Illinois  River : 

Operating  and  caring  for  lock $4,869.62 

Dredging 301.18 

Property  and  plant 358.86 

Care  and  repair  of  property  and  plant 636.51 

Care  and  repair  of  Lagrange  Dam 178.20 

$6,344.37 

Eampsville  Lock,  Illinois  River: 

Operating  and  caring  for  lock 4,098.71 

Dredging 102.48 

Property  and  plant 728.03 

Care  and  repair  of  property  and  plant 1,871.76 

Care  and  repair  of  Kampsville  Dam 422.33 

7,223.31 

Total 13,567.68 


lUwUzed  tiatement  of  expenses  made  from  appropriation  for  operating  and  eare  of  canals 
and  other  ttorks  of  navigation,  indefinite,  applied  to  Lagrange  Look,  Illinois  Biver. 


Date. 

No.  of 
Toocher. 

1897. 

ialT    3 

1 

3 

2 

Aof.    5 

1 

5 

2 

6 

3 

5 

4 

24 

6 

Sept.   7 

1 

30 

2 

M 

3 

Oet     5 

1 

5 

2 

13 

3 

Sot.   3 

1 

3 

2 

10 

3 

17 

4 

Dm.    2 

I 

7 

2 

16 

3 

4 

To  irhom  jMid. 


Hired  men 

do 

do 

J.  H.Reiscbe 

Sobmoldt  firos 

Anchor  Line  Store. . 

Standard  Oil  Co 

Hired  men 

Mm.W.L.  Marshall. 

Jenord  &Bro 

Hired  men.... 

do 

do 

do 

Jacob  Diehl 

W.C.Perry 

A.  K.  Shepard,  Jr 

Hired  men 

B.  A.  McCoy 

Standard  Oil  Co. 


For  irhat  paid. 


JohnMadox /  Services 


1 


Services 

do 

....do 

Hardware,  etc 

Lumber  and  lime  . . . 

Paint,  nails,  etc 

OU 

Services 

Mileage 

Coal 

Services  

do 

do 

do 

do 

Piling 

Traveling  expennen. 

Services  '. 

SubHistence  stores.. 
on 


Amount. 


$440.10 

56.00 

437. 20 

10.44 

45.07 

89.40 

6.46 

444.38 

22.00 

160.50 

436.25 

100.20 

65.77 

470.00 

1.67 

17L27 

10.04 

438.75 

4.00 

b.4« 

&.00 
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Itemized  statement  of  expenses  made  from  appropriation  for  operating  and  care  of  eati 

ana  other  works  of  navigation,  eto.— -Continued. 


Date. 

No.  of 
voucher. 

1898. 

Jan.     3 

1 

6 

2 

15 

3 

Feb.     4 

1 

15 

2 

18 

3 

Mar.    4 

1 

9 

2 

9 

3 

25 

4 

Apr.    7 

1 

May    3 

1 

7 

2 

10 

3 

June   1 

1 

9 

2 

To  whom  paid. 


Hired  men 

R.  M.Barry 

Wagner  Palace  Co. 

Hired  men 

W.C.Perry 

Andrew  J.  Boss 

Hired  men 

Frank  Tozier 

C.V.Brainard 

Marons  J.  Woods  . . 

Hired  men 

do 

Wieder  Paint  Co... 
Standard  on  Co.... 

Hired  men 

C.y.Brainaid 


Total 


For  what  paid. 


Services 

Beef  and  bread 

Transportation 

Services  

Timber 

Bolto,  nuts,  etc 

Services  

Traveling  expensed. 

do 

Services  

do 

do 

Paint,  oil,  etc 

Oil 

Services  

Beimbursement . . . . . 


Amoc 


42 


45. 

3: 

41 

I 

I 

II 
li 

44' 

49 
231 

4X 


6,34. 


Itemized  statement  of  expenses  from  appropriation  for  operating  and  care  of  canals  < 
other  works  of  navigation,  indefinite,  applied  to  Kampsville  Look,  Illinois  Biver, 


Date. 

No.  of 

voucher. 

1897. 

Jnly     3 

1 

10 

2 

10 

8 

10 

4 

17 

6 

25 

6 

Aug.    6 

1 

6 

2 

5 

8 

24 

4 

Sept.    3 

J 

15 

2 

15 

3 

Oct     5 

1 

IS 

2 

16 

3 

Nov.    3 

1 

10 

2 

10 

3 

10 

4 

10 

5 

17 

6 

17 

7 

20 

8 

Deo.  12 

1 

12 

2 

12 

3 

30 

4 

1898. 

Jan.     3 

1 

6 

2 

6 

3 

7 

4 

Feb.     4 

1 

Mar.    2 

1 

11 

2 

25 

8 

Apr.    7 

1 

7 

2 

7 

8 

20 

4 

20 

6 

May    3 

1 

7 

2 

10 

8 

19 

4 

Jnne   4 

1 

9 

2 

23 

3 

To  whom  paid. 


Hired  men 

Phil.  Amniott 

Bose  6c  Son 

J.  A.  Eamp 

Thomas  Houf:h 

Mrs.  B.  Sutter 

Hired  labor 

Martin  K.  Eendig 

J.  A.  Kamp 

Standard  Oil  Co 

Hired  men 

Joseph  Hayne 

C.V.Brainard 

Hired  men 

do 

Thomas  Hough 

Hired  men 

W.C.Perry 

Mrs.  B.  Sutter 

John  Siebermann 

Queen  Kenoad 

Kose  Sc  Son 

Fred  M.  Schumann 

Henrv  Bose 

Hired  men 

George  Grainberp 

The  Carlinville  Coal  Co. 
Henry  Edwards 


Hired  men 

Anchor  Line  Store , 

Daniel  Bnshnell 

George  F.  Kenoad , 

Hired  men 

do 

MiO-W.L.  Marshall 

Henry  Rose 

Hired  men 

Rose  &  Son 

Evens  Sc  Howard  Fire  Brick  (;<>  . 

Standard  Oil  Co 

Pullman's  Palace  Car  Co 

Hired  men 

M.  M.  Buck  Manufacturing  Co . . . 

Mrs.  B.  Sutter 

The  Chicago  and  Alien  K.  R.  Co  . 

Hired  men 

L.  M.  Rumsey  Manufacturing  Co 
Hired  men 


Total 


For  what  paid. 


Services 

Hinges  and  screws 

Paint 

Paint,  nails,  and  wicks. 

Lumber 

White  lead 

Services  

Lockage  blanks 

Whitelead 

Oil 

Services 

Lumber 

Traveling  expenses 

Services  

do 

Lumber 

Services  

Piling 

Whitewash  brushes  ... 

Ice 

Labor 

Subsistence  stores 

Milk 


Services  

do 

do 

Coal 

Subsistence  stores. 


Services 

Machine  die 

Dynamit«,  etc 

Services  

do 

do 

Mileage 

Services  

do 

Subsistence  Rtores  - 
Fire  brick  and  tile. 

Oil 

Transportation 

Services  

Iron 

Kakes 

Transportation 

Services  

Coal 

Services 


Amot 


$44 


2: 

44! 

4 

I 


43< 

5: 

1 

52: 

14i 

3 

54] 

24' 

J 


< 

534 
4: 

34 

< 

49i 

* 

58! 

59: 

2< 

] 

< 
2^ 


56: 

i 
1; 

58. 
1( 
91 

7,22: 
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KKPORT    OF   MK.  C.  V.  BKAINARD,  ASSISTANT  SNOINKSR. 

Kampsvillb,  Iix.;  June  SO,  1898, 

UiJOR:  I  have  the  honor  to  submit  the  following  report  of  operating  and  care  of 
locb  and  dams,  lUinoia  Kiver,  for  the  fiscal  year  ending  June  30,  1898 : 

COMMERCE. 

The  commerce  on  that  part  of  the  Illinois  River  over  which  the  United  States 
exeroises  control  is  carried  on  by  two  regular  packets,  one  belonging  to  the  Eagle 
Packet  Company,  of  St.  Louis,  Mo.,  and  the  other  to  the  St.  Louis,  Hardin  and 
KampiTiLLe  Packet  Company,  of  Hardin,  111.  The  former  is  a  stern- wheel  boat  of 
590.74  registered  tons,  being  204  feet  long,  34  feet  wide,  with  a  draft  light  of  26 
inehee  and  capable  of  carrying  400  tons  on  a  draft  of  4  feet.  This  boat  makes  two 
loond  trips  each  'week  between  St.  Louis,  Mo.,  and  Peoria,  111. 

The  latter  boat  has  a  registered  tonnage  of  337.3,  is  153  feet  long,  28  feet  wide, 
vitb  s  draft  light  of  28  inches.  This  boat  makes  two  round  trips  each  week  between 
SlLoais,  Mo.,  and  Montezuma,  111.,  60  miles  above  the  mouth  of  the  Illinois  Kiver. 

In  adiUtion  to  these  are  3  towboats  ranging  firom  10  to  50  tons  register,  with  3  or 
4  barges  each.  These  boats  draw  from  2  feet  to  30  inches^  and  can  tow  two  of  their 
barges  at  a  trip  carrying  from  8,000  to  15,000  bushels  of  grain  on  a  draft  of  3  feet. 
These  towboats  do  a  greater  part  of  the  grain  and  lumber  business.  The  lock 
reports  do  not  show  the  entire  business  of  the  river,  as  a  large  quantity  of  freight 
ori^nates  and  ends  without  passing  through  either  lock. 

Sasides  these,  there  is  a  fleet  of  towboats  and  barges  used  to  take  out  the  ice 
harrest  of  the  upper  river,  which  amounts  annually  to  from  10,000  to  20,000  tons. 
This  is  principally  taken  out  during  the  high  water,  the  barges  being  loaded  to 
1,000  tons  on  about  8  feet  draft.  There  is  a  statement  herewith  showing  boats  and 
toona^e  passing  Kampsville  Lock  and  La  Grange  Lock,  and  one  showing  boats  navi- 
gating the  river. 

LA  GRANGE  T.OCK. 

The  lock  gates  were  calked  and  painted:  10  of  the  straight  chords  were  renewed, 
2  in  each  leaf  of  the  lower  and  3  in  each  leaf  of  the  upper  gate.  Repaired  the 
ralvea  in  the  head  bay,  putting  in  heavier  holding-down  bolts;  new  ties  were  put 
under  the  upper  spar  track;  2  clumps  of  piles  of  7  piles  each  were  driven  above  the 
river  wall  between  the  ice  breaker  and  the  end  of  the  wall ;  5  piles  were  driven 
above  and  3  below  the  dam  for  anchors  while  working  on  the  dam.  One  thousand 
four  hundred  and  seventy  cubic  yards  of  mud  was  placed  above  the  dam,  filling  to 
vitbin  1  foot  of  the  top  of  it.  Two  hundred  and  eighty-five  cubic  yards  of  this  was 
taken  from  the  lock  chamber. 

The  700  cubic  yards  of  dirt,  cast  on  the  bank  in  June  of  the  previous  fiscal  year, 
▼as  graded  into  the  low  places  about  the  grounds.  The  carpenter  shop,  storehouses, 
and  blacksmith  shop  were  moved  on  new  foundations  above  high  water  and  white- 
washed. Fifty-two  linear  feet  of  cement  walk  was  built,  an  8-inch  stone  wall  was 
bnilt  in  the  cistern  to  make  it  hold  water.  One  hundred  and  forty  tons  of  ice  was 
pot  up.  The  machinery  and  boilers  on  dredge  No.  1  and  the  pile  driver  laid  up  here 
were  cleaned  and  painted;  drift  has  been  kept  off  the  dam  and  grounds;  414  linear 
f««t  of  12-inch  flashboards  was  put  on  the  dam  September  3  to  7  and  removed  at  the 
close  of  navigation. 

Navigation  ceased  November  22,  1897,  and  was  resumed  February  16, 1898.  Boats 
began  passing  over  the  dam  March  17  and  continued  to  do  so  until  June  23,  except 
from  May  10  to  19. 

KAMPSVILLE  LOCK. 

The  lock  gates  were  painted,  the  iron  work  being  painted  twice;  400  cubic  yards 
of  sediment  was  removed  from  the  lock  chamber  and  from  above  the  upper  gates, 
about  300  cubic  yards  of  which  was  cast  on  the  bank  over  the  laud  wall  to  be  used 
for  filling.  Twenty-one  piles  in  three  clumps  were  driven  for  guide  piles  above  the 
river  wall  and  the  same  number  below  the  land  wall. 

KAMPSVILLE  DAM. 

The  slope  on  the  npP^i'  Bide  of  the  east  abutment  was  filled  with  rock,  it  having 
•ettled  somewhat.  Tne  corner  between  the  revetment  and  dam  at  the  east  end  of 
the  dam  was  filled  with  35  cubic  yards  of  gravel  and  riprap.  Flashboards  1  foot 
liigh  were  put  on  the  dam  August  23  to  25 ;  these  boards  raised  the  water  about 
d  Lnebes  at  La  Grange  Dam;  they  were  removed  the  Ist  of  December,  after  the  close 
of  Dsvigation.  Seventy  cubic  yards  of  rock  was  boated  across  the  river  and  piled 
Dear  the  abutment;  4,470  cubic  yards  of  mud  was  filled  in  above  the  dam,  filling  it 
to  the  top  for  a  distance  of  about  10  feet  upstream. 

Navigation  ceased  November  26, 1897,  and  was  resumed  Februnry  13,  1898.  Boats 
liegan  passing  over  the  dam  March  23,  and  continued  to  do  so  until  June  23,  except 
from  April  29  to  May  19. 
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BUILDINGS  AND  GBOUNDS. 

House  No,  1. — Papered  all  the  rooms  except  the  kitchen  and  two  bed  rooms,  painted 
the  walls  of  the  kitchen^  built  3  sets  of  outside  steps,  varnished  the  interior  wood 
work. 

House  No,  f . — Painted  exterior  steps,  surfaced  and  oiled  kitohen  floor  and  varnished 
interior  wood  work. 

Office. — ^A  small  building  formerly  used  for  a  bakeshop,  was  sided,  lathed,  and 
plastered,  and  fitted  up  for  an  office. 

Waichhouae. — This  building  was  painted  inside  and  outside. 

The  storehouses  and  outbuildings  were  whitewashed. 

About  500  cubic  yards  of  cradin^  was  done,  300  cubic  yards  of  which  was  leveling 
off  that  amount  cast  out  of  lock  pit,  being  a  part  of  the  deposit  in  the  lock  since  it 
has  been  in  operation. 

One  thousand  six  hundred  and  fifty  linear  feet  of  sidewalk  was  built  of  material 
from  the  old  dredge  hulls.  This  was  weighted  down  during  the  high  water  to  keep 
it  from  floating  off. 

PLANT. 

Ways, — ^Two  new  crabs  were  built  for  hauling  out  boats. 

Dump  seows, — Two  new  dump  scows,  numbers  7  and  8,  were  built. 

Barges, — ^A  small  flat,  10  by  30  feet,  was  built  for  work  about  the  dam. 

CAIUE  AND  REPAIR  OF  PROPERTY  AND  PLANT. 

Dredge  No,  1, — One  new  spud  was  fitted  with  racks  and  shoe  and  put  in  dredge. 

Dredge  No.  2. — ^The  engines  were  overhauled  and  put  in  order  for  next  season's 
work,  the  machinery  was  painted,  deck  calked,  and  a  pattern  made  for  the  dipper  lip. 

Dredge  Apache. — Hauled  the  stern  out  on  the  ways  and  stopped  a  leak,  put  in  new 
dipper  handles,  and  calked  the  deck. 

Barges. — Calked  the  seams  of  No.  2  above  light  water,  and  hauled  Nos.  3  and  4  out 
on  the  ways  and  made  in  all  seams  under  water. 

Quarterboats. — ^No.  1 :  The  cabin,  hull,  and  roof  were  painted.  No.  2 :  The  cabin 
and  hull  were  painted. 

Office  boat. — Hauled  out  and  stopped  the  leaks,  put  on  a  new  canvas  roof,  and 
painted  the  cabin  inside  and  outside. 

Scows. — Nos.  5  and  6  were  hauled  out  and  leaks  stopped,  hinges  were  remodeled, 
and  16  new  doors  made  and  hung. 

Steam  tender  Marion. — All  seams  above  light  water  were  made  in,  engines  lined  up, 
machinery  cleaned  and  painted,  furnace  reouilt,  and  the  boat  painted. 

Steam  tender  Pearl. — Machinery  was  overhauled,  cleaned,  and  painted,  and  the  fur- 
nace repaired.    The  engines  were  lined  up. 

Steam  tender  Fox. — All  seams  above  light  water  were  made  in,  the  engines  lined  up, 
and  the  machinery  was  painted. 

Very  respectfully,  your  obedient  servant, 

C.  V.  Brainard, 
Assistant  Engineer. 

Haj.  W.  L.  Marshall, 

Corps  of  JSngineers. 


Tonnage  passing  Lagrange  Lock* 


SteamboatB. .  .number. . 

Barges do 

Steamboats  ..tonnage.. 
Barges.  ..•...■••  .do. .. . 

Ice tons.. 

Wheat boshels.. 

Com do 

General  Merchandise, 

tons 

Passengers . .  .number. . 

Coal tons.. 

Stock head^ 

Wood cords  !r 

Logs feet  i).  M. 

Lumber do. . . 

Apples barrels . 


Fiscal  year  ending  June  30— 


1800. 


142 

68 

41,915 

12,386 

(a) 

5.082 

(a) 

(a) 
(a) 
100 

(a) 


189L 


280 
147 
63,967 
45, 711 
20,575 
9,800 
18, 176 

(a) 

(a> 
650 

(o) 
70 
45, 000 


1892. 


265 

ie» 

68,236 
79,211 
39,400 
14, 536 
33,800 

1,651 

1,334 

729 

219 

250 


10,000 


1893. 


291 

176 
80,131 
162, 118 
46,600 
12,700 
29,691 

4,675 

2,382 

225 

298 

250 

181,000 

15.000 


1894. 


296 
213 
69,730 
91, 361 
31.900 
6,750 
45,900 

8,734 

2,179 

1,087 

2,307 

60 

200, 000 

50,000 


1895.   1896. 


874 
251 
60,814 
76, 530 
11,950 
22, 017 
87,563 

1,976 

4,682 

640 

1, 323 

28 


340 
164 
79,495 
49,802 
11, 150 
30,  142 
67, 179 

6,455 

6, 391 

80 

1, 925 


10,000 
9,670 


1897. 


416 
224 
91,550 
76,091 
19, 425 
21,477 
161,787 

4,608 

4,774 

320 

1,657 

35 

70,000 

70,000 

158 


1898. 


420 

2:{5 

90, 7M) 

80,925 

11, 975 

6,850 

187,500 

3,134 

10,300 

2195 

2,516 

90 

33,500 

10,000 

2,352 


a  No  record  kept. 
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Tonnage  pa$9mg  Kamp$ville  Look, 


Stamboftta number. 

Birgea do... 

.SteftaiboaU touoage. 

Birgea do... 

I« tons. 

¥lie»t boBhels. 

Cots do... 

OUiergnio do... 

ApplM barrels. 

Gtaenl  merr  hsn  dise tons . 

PuMiigere nomber. 

Stock head. 

Us« fei)tB.M. 


Fiscal  year  ending  June  3(X— 


1894. 


177 

lao 

67,140 
61,295 
31.900 
63,600 
86,267 


4.692 
1,197 
3,760 


1886. 


440 

192 

99,315 

81,507 

11,950 

178,025 

164,000 

1,284 

2,359 

3,454 

5,017 

8,735 


1806. 


436 

156 

111,382 

54,304 

10,950 

158.795 

178, 188 

2,567 

6,390 

8,160 

7,049 

12.358 


1887. 


320 

106 

107,856 

66.769 

19,425 

130.081 

72,047 

1,878 

1,231 

7.890 

4,706 

14.603 

30,000 


100 

124,253 

66,718 

11,925 

89, 719 

63,367 

5,426 

5,618 

5,960 

5,670 

14, 472 

85,000 


lAsi  of  boaU  navigating  the  Illinoia  Biver, 


Xame. 


Cbariitte  Boeckeler 

Cherokee 

BaWE^jle 

Jo*ie 

CKTier 

Bk 


G.M.Sivley 
Joliet. 


Soineu 

B.W.Lun^fflluw. 


Begtstered 
tonnage. 


Loim 

Vtikiki 

EDt*riiriii« 

B*»^ofOtrawA. 
Peoria 


143 

631 

591 

233 

245 

111 

99 

76 

61 

47 

36 

22 

17 

15 

11 

5 


Name. 


Ifewldlewild. 

D.H.Pike 

Jack  Frost 

RCGunter... 
Polar  Wave. .. 

V.  S.  Lily 

Mary  Stewart 

Ruth 

Joeie  Sivley  . . , 

Hebe 

Edith  K 

Wm.  McGee  . . 
R.  6.  Scbmoldt 

LaTosca 

Mabel 

Cityof  Pekin. 


Registered 
tonnage. 


692 

465 

350 

337 

150 

206 

91 

61 

47 

36 

23 

17 

14 

12 

8 

6 


JJ7- 

CONSTRUCTION  OF  ILLINOIS  AND  MISSISSIPPI  CANAI 

The  object  of  tliis  improvement  is  to  furnish  a  navigable  waterway 
from  Lake  Michigan  at  or  near  uhicago,  111.,  to  the  Mississippi  Eiver 
at  the  mouth  of  Kock  Eiver,  near  Kock  Island,  111.,  in  connection  with 
the  Upper  Illinois  liiver  and  the  proposed  enlarged  waterway  along 
the  present  line  of  the  Illinois  and  Michigan  Canal. 

Various  surveys  of  different  routes  from  the  great  bend  of  the  Illinois, 
near  Hennepin,  lU.,  to  the  Mississippi  Eiver,  at  or  above  the  mouth  of 
Sock  Eiver,  have  been  made,  viz:  In  1871  (Beport  Chief  of  Engineers, 
1871, p.  303),  in  1882  (Beport  Chief  of  Engineers,  1883,  p.  1757),  and  in 
1885  (Beport  Chief  of  Engineers,  1886,  p.  1707). 

There  was  also  a  report  upon  the  canal  by  a  board  of  engineers  in 
1887  under  the  provisions  of  the  river  and  harbor  act  of  August,  1886 
(Beport  Chief  of  Engineers,  1887,  p.  2145). 

After  much  discussion  the  present  or  Bock  Island  route  was  adopted. 

Detailed  plans  and  estimates,  based  upon  preliminary  surveys  and 
onder  the  river  and  harbor  act  of  August  11, 1888,  were  prepared  in 
this  ofSce  and  submitted  to  Congress,  June  21,  1890,  the  report  of 
which  plans  and  estimates  was  published  as  House  Ex.  Doc.  No.  316, 
Piity-tirst  Congress,  first  session.  This  report  was  the  basis  of  subse- 
<iaent  appropriations. 

The  plans  submitted  in  1890  were  subsequently  modified  (Eeports 
Chief  of  Engineers,  1891, 1892, 1896,  and  in  papers  herewith)  and  con- 
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template  the  construction  of  a  canal  at  least  80  feet  wide  at  the  water 
surface,  7  feet  deep,  with  locks  170  feet  long  between  quoins,  35  feet 
wide,  admitting  barges  carrying  600  short  tons  of  freight,  if  we  allow 
240  short  tons  for  weight  of  vessels,  and  140  feet  length,  34  feet  beam, 
and  6  feet  draft  of  vessel  that  may  easily  navigate  the  canal. 

The  canal  to  begin  at  the  Great  Bend  of  the  Illinois  Biver;  thence 
via  the  valleys  of  Bureau,  Pond,  and  Cowcatcher  creeks  to  the  sammit 
level  near  the  eighteenth  mile,  ascending  196  feet  through  21  locks, 
with  lifts  varying  from  7  to  11  feet  each;  thence  to  the  Feeder  Junc- 
tion near  the  twenty-eighth  mile;  thence  to  Hock  Eiver,  just  above  the 
mouth  of  Green  River;  thence  down  Eock  Eiver  to  its  mouth.  The 
length  of  the  canal  is  about  75  miles,  having  been  shortened  about  2 
miles  by  the  adoption  of  the  Green  Eiver  route  instead  of  the  Penney 
Slough  route.  The  descent  from  the  summit  level  to  the  low- water  level 
of  the  Mississippi  River  is  93  feet,  eflfected  by  10  lift  locks  from  6  to  14 
feet  lift,  with  1  guard  lock.  The  number  of  lift  locks  has  been  reduced 
from  37  to  31,'  and  the  summit  level  has  been  cut  down  9  feet  in  the 
changes  since  the  1890  report  by  subsequent  surveys,  and  the  length 
of  the  main  line  of  the  canal  has  been  reduced  from  77  to  75  miles. 

The  feeder  as  now  located  is  29  miles  in  length,  instead  of  34f  miles 
as  proposed  in  1890,  and  37^  miles  as  proposed  in  1871  and  in  1883. 

The  entire  line  of  the  canal  and  feeder  has  now  been  definitely  located 
by  authority  of  the  Secretary  of  War,  as  required  by  river  and  harbor 
act  of  August  11, 1888,  and  subsequent  act  of  Congress.  The  estimated 
cost  of  the  canal  has  not  been  increased  by  the  changes  in  location,  but 
the  lockage  has  been  reduced  by  18  feet,  the  length  of  the  canal  and 
feeder  by  from  7  to  9  miles,  the  number  of  locks  by  6,  and  the  resulting 
time  of  passage  between  the  Illinois  and  Mississippi  rivers  due  to  these 
changes  about  three  hours,  or  about  10  per  cent,  and  the  probable  cost 
of  maintenance  and  operation  has  been  correspondingly  reduced. 

CONDITION  OP  THE  WOEK  JUNE  30,  1898. 

.  Work  began  under  the  conditions  imposed  by  the  river  and  harbor 
act  of  September  19, 1890,  upon  the  Rock  River  end  of  the  canal  in 
1892,  by  the  construction  of  a  canal  around  the  lower  rapids  of  Rock 
River,  4^  miles  long,  with  3  locks,  3  swing  bridges,  2  dams,  3  lock 
houses,  7  sluiceways,  and  1  arch  culvert,  which  canal  was  opened  to 
navigation  April  17, 1895,  and  has  since  that  date  been  in  successful 
operation. 

Further  prosecution  of  work  on  the  Rock  River  section  has  been 
prevented  by  the  Moline  wagon  bridge  across  Rock  River,  a  short  dis- 
tance above  the  head  of  the  canal,  which  prevents  the  passage  of  all 
craft  requiring  11  feet  or  more  head  room.  Procedings  were  instituted 
in  the  ITnited  States  district  court  to  compel  the  removal  of  this 
obstruction,  the  authority  of  the  Secretary  of  War  in  the  matter  hav- 
ing been  denied  by  the  city  of  M^^^^^*  The  sundry  civil  act  of  July  1, 
1898,  allots  $25,000  of  the  amount  appropriated  for  the  construction  of 
the  canal  to  be  expended  in  the  construction  of  a  high  bridge  in  lieu 
of  this  objectionable  structure.  Ko  estimates  of  the  cost  of  such  high 
bridge  had  been  made,  and  Rock  River  had  been  declared,  by  decree  of 
the  U.  S.  circuit  court  for  the  northern  district  of  Illinois  on  the  find- 
ing of  a  jury  as  to  the  fact,  to  be  a  navigable  river  of  the  United  States 
up  to  and  beyond  Sterling,  111.,  prior  to  this  appropriation  for  this 
bridge. 

All  appropriations  made  subsequent  to  the  act  of  September  19, 1890, 
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bavebeeii  expended  in  locating  the  canal,  iicqairing  the  right  of  way, 
ind  in  constructing  the  eastern  section,  begiiiniug  at  the  Illinois  Bivet 
ind  proceeding  westward. 

At  the  date  of  tbis  report  8  miles  of  the  canal  tmnb  on  the  eaatern 
section,  except  the  entrance  to  Lock  1  from  the  Illinois  Kiver,  have 
tieen  completed,  and  7  milea  paved  along  the  water  line  with  stone. 
Theearthwork  of  the  second  8  miles  is  Hearing  completion,  and  of  the 
third  8  miles  is  in  progress.  The  foiindatious,  mafionry,  and  pipes  of 
illcDlTetts  on  the  first  16  miles  have  been  completed,  also  the  masonry 
<j  10  locks,  1  aqueduct,  and  abntments  of  6  highway  bridges  have  been 
MiDstnicted.  The  foundations  <rf  Locks  11,  12,  13,  14,  19,  and  21  are 
oiDipleted,  ready  for  the  masonry,  and  of  Locks  IS,  16,  IT,  18,  and  20 
nearly  completed.  The  masonry  of  Lock  11  is  near  completion  (com- 
plFt«d  Jnly  7, 1898)  and  the  forms  ready  for  deposit  of  concrete  at  Lock 
12,  and  begun  at  Lock  13. 

Tbe  nnperatrncture  of  1  highway  bridge  is  completed.  The  metal 
vark  of  three  additional  highway  bridges  placed  on  their  abntments, 
tod  of  2  highway  bridges  delivered  at  the  sites.  The  foundation  of 
Aqnednct  No.  2  is  ninier  way.  The  right  of  way  of  the  eastern  section 
basbeen  secured  and  paid  for  ap  to  the  end  of  the  twenty-fourth  mile. 
There  remains  7  pieces  to  be  condemned  between  end  of  mile  24  and  the 
feeder  junction  at  mile  27.8.  The  right  of  way  for  the  entire  feeder  line, 
Mc«pt  on©  piece  at  the  feeder  junction,  also  for  more  than  one-third  of 
tbe  western  section  and  a  few  pieces  of  the  overflow  lands,  have  been 
(ODdemned  and  awards  made,  but  the  payments  of  the  awards  have 
not  been  made.  These  lands  will  probably  be  in  possession  of  the 
Duited  States  by  September  1,  allowing  the  feeder  to  be  put  onder 
contract  ander  the  appropriation  made  July  1,  1898. 

FROGOESS    OP  THE  WORE  DURINO   FtSOAL    YEAR    BNDma   JUNE   30, 


L— OOMTRACT  WORK. 

(a)  Uoder  contract  dated  June  19, 1807,  with  Katz,  Grandall  &  Calla- 
han, of  Omaha,  Nebr.,for  the  construction  of  earthwork,  creek  diversions, 
and  slope  wall  protections  from  miles  9  to  16,  inclusive,  the  following 
«OTk  has  been  done:  1,214,455  cubic  yards  earth  estivation,  110,722 
mbic  yards  hardpan  excavation,  requiring  blasting  for  removal,  and 
9^1  square  yards  paving  of  slope  walla,  completing  the  earthwork  of 
nilesO,  10,11,12, 13, 14;  mile  15,93  per  cent;  mile  10,90  per  cent.  The 
contract  will  probably  be  completed  September  1  and  closed. 

(b)  Under  contract  with  Gogan  &  Pound,  of  (Jhicago,  III.,  dated  June 
19, 1897^  for  constructing  lock  pits  and  foundations  for  11  locks  and  2 
aqneilucts,  there  have  been  completed  foundations  of  Locks  8,  9, 10, 11, 
12, 13,  and  14;  partly  completed.  Locks  15,  1G,  17,  and  18,  and  founda- 
tions of  piers,  etc.,  of  Aqueduct  No,  2.  The  foundations  of  Aqueduct 
So.  3  have  not  been  begun.  The  detailed  anionnts  of  work  are  given 
in  tbe  rei>ort  of  Assistant  James  O.  Long,  hereto  appended. 

(c)  Under  contract  with  McArthur  Bros.,  of  Chicago,  111.,  dated  June 
19,1897,  for  the  construction  of  2 concrete  arch  culverts  and  G  cast-iron 
pipe cnlverts,  all  the  work  has  been  done  and  the  contract  closed. 

(d)  Under  contract  with  John  J.  McCaughey,  Summit,  111.,  dated 
October  6, 1897,  for  construction  of  canal  trunk,  miles  17  and  18,69,410 
cnbic  yards  earthwork  has  been  done;  mile  17,  4  per  centdoue;  mile 
18, 66  per  cent  done. 
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{e)  Under  contract  with  the  Globe  Construction  Company,  of  Cincin- 
nati, Ohio,  dated  October  6, 1897,  for  construction  of  canal  trunk,  miles 
19  to  23,  inclusive,  66,279  cubic  yards  earthwork  and  18,281  cubic  yards 
hardpan,  requiring  blasting  for  removal,  have  been  done;  all  on  mile  19. 
The  progress  has  been  very  unsatisfactory  under  this  contract. 

(/)  Under  contract  with  B.  C.  Gushing  &  Co.,  Chicago,  III.,  dated 
October  6,  1897,  for  earthwork  on  mile  24,  no  work  has  been  done  dur- 
ing the  fiscal  year.  The  mile  is  marshy  and  the  contractors  have  been 
permitted  to  delay  work  until  September,  1898.  Their  contract  expires 
September  30, 1899. 

{g)  Under  contract  with  the  Toledo  Bridge  Company,  Toledo,  Ohio, 
dated  January  4, 1898,  for  the  construction  of  5  steel  highway  bridges, 
the  metal  work  of  M  the  bridges  has  been  delivered,  and  of  3  of  them 
placed  upon  the  abutments.  The  riveting  and  floors  of  3  bridges  and 
the  erection  of  2  remains  to  be  done. 

(h)  Under  contract  with  H.  A.  Boedker  &  Co.,  Chicago,  111.,  dated 
October  6, 1897,  for  the  excavation  of  lock  pits  and  construction  of 
foundations  of  three  locks,  the  work  for  Locks  19  and  21  has  been  com- 
pleted; the  foundation  of  Lock  20  is  nearing  completion. 

The  contracts  dated  October  6, 1897,  for  canal  work  were  entered 
into  so  late  in  the  season  that  no  work  could  be  done  under  them  in  the 
calendar  year  1897,  and  the  calendar  year  1898  up  to  June,  1898,  has 
been  so  remarkably  rainy  and  wet  that  it  has  been  impracticable  along 
the  marshy  summit  level  sections  of  the  canal  for  the  contractors  to  do 
effective  work.  In  making  the  contracts  the  conditions  were  kept  in 
mind  and  two  years  were  allowed  for  the  work,  whereas  for  the  June 
contracts  one  year  only  was  allowed.  With  a  good  season  it  is  hoped 
that  rapid  progress  will  be  made  in  the  calendar  year  1898  on  contract 
as  well  as  hired-labor  work. 

n. — ^HIBED-LASOB  WORK. 

Jnder  approved  projects  the  masonry  abutments  and  approaches  of 
bridges,  the  masonry  of  locks,  the  lining  of  the  canal  with  stone  along 
the  water  line,  the  filling  in  rear  of  lock  walls,  and  various  smaU 
detached  pieces  of  work  included  under  the  heading  finishing  and  clean- 
ing-up  work  has  been  done  by  hired  labor.  This  includes  the  most 
expensive,  tedicms,  and  most  difficult  to  estimate,  work  of  construction 
that  can  not  well  be  put  out  to  contract  with  safety.  All  survey  work 
and  that  relating  to  the  acquisition  of  the  right  of  way  is  necessarily 
done  by  hired  labor,  and  the  purchase  of  material  under  the  laws  of 
the  United  States  and  regulations  governing  purchases. 

(a)  Eastern  section.— Th^  detailed  statement  of  quantities  is  given 
in  the  report  of  Asst.  Engineer  J.  C.  Long,  hereto  attached.  Concrete 
masonry.  Locks  8, 9,  and  10,  were  completed  during  the  year,  and  of 
Lock  11  nearly  completed.  Forms  were  erected  for  these  locks  and 
also  for  Lock  12.  The  abutments  of  highway  bridges  1, 2, 3, 4,  and  10 
were  completed,  and  the  earthwork  approaches  of  these  bridges  nearly 
completed.  The  earth  filling  behind  Locks  1, 2, 3, 4, 5, 6,  and  7,  and  the 
splay  walls  of  these  locks,  were  completed.  The  stone  paving  along  the 
water  line  for  a  width  of  6  feet,  measured  on  the  inner  slope,  was  placed 
on  the  first  8  miles  of  the  canal,  except  about  1  mile  where  the  banks 
have  been  prepared  for  the  paving  and  the  stone  distributed,  but  not 
yet  laid  up.  A  telephone  line  24  miles  long  with  9  instruments  in  cir- 
cuit has  been  constructed.  A  gravel  quarry  was  stripped  and  all  gravel 
ana  broken  stone  and  other  supplies  for  the  work  distributed.    Material 
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tbe  masoory  of  the  canal  exceptdry-stoue  revetments,  head  walls 
e  culverts,  aud  retainiag  walls  of  bridge  approaches,  which  are 
rnbble,  is  of  iutiticial  stone  or  concrete.  Great  care  has  been 
to  secure  good  results,  and  the  work  haa  been  so  systematized  by 
ieuce  as  to  enable  the  officer  in  charge  to  formulate  definite 
ctious.  The  objection  to  the  use  of  artificial  stone  is  the  unrelia- 
of  Portland  cement  of  tlie  cheaper  grades,  and  the  requirements 
laws  and  regulations  regarding  purchattes.  The  testing  requires 
ind  skill,  neither  of  which  is  always  available  npon  an  actively 
:oted  work,  and  unless  undoubted  evidence  of  inferiority  is  forth- 
g  tbe  responsible  bidder  ofi'ering  the  cheapest  article  will  get  the 
xt.  The  result  in  such  cases  is  likely  to  be  disastrous.  On  this 
no  proposals  have  been  asked  from  manufacturers  other  than 
whose  products  have  been  tested  in  this  office  and  moreover  have 
ij>ermaDency  in  this  climate,  but  we  have  not  succeeded  in  all  cases 
:ing  satisfactory  cement.  The  lowest- bidder  clause  governs  and  the 
ire  of  a  very  Lirge  pay  roll,  the  need  of  material,  and  want  of  time 
>per  testing  prior  to  use  have  in  several  instances  resulted  in  the 
g  of  cement,  ^ven  of  high  repute,  but  low  price,  that  would  prop- 
ave  been  rejectefl.  So  far,  however,  no  ill  consequences  have 
ed  tbe  mistakesof  this  kind,  buta  feeling  of  insecurity  and  nncer- 
must  attach  to  this  class  of  work  in  the  mind  of  engineers  respon- 
br  it,  until  the  manufacturers  find  it  to  their  interest  not  to  ship 
I  cement  or  such  that  will  not  rigidly  fulfill  the  requirements  of 
eclflcatious  to  their  contracts.  Deliberate  testing  is  often  imprac- 
]  on  small  works  on  account  of  cost,  and  in  large,  active  works  on 
it  of  lack  of  time  from  pressure  for  material  and  cost  of  storage 
for  a  large  supply  well  itt  advance  of  its  use.  The  tests  required 
I  office  are  given  in  the  previous  annual  reports.  The  following 
ctions  relate  to  the  work  of  construction  of  concrete  masonry  of 
Eks  on  the  canal ; 

OROAHIZATIOS. 
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time,  and  when  completed,  to  see  that  it  conforms  to  the  drawings  and  to  the  instme- 
tions  given  in  regard  to  nailing  on  the  facing  plank.  The  inspector  shall  be  held 
responsible  for  accuracy  in  laying  out  and  in  dimensions. 

4.  The  coBcrete  masonry  of  looks  shall  be  constnioted  by  hired  labor,  and  when 
the  concrete  work  is  commenced  on  any  section  of  a  lock  or  other  work  it  moat  be 
prosecnted  day  and  night  without  intermission  to  completion  of  said  section. 

5.  The  working  forces  shall  be  divided  into  three  shifts  of  eight  hours  each,  change 
of  shift  being  made  at  such  hours  as  may  be  designated  by  the  assistant  engineer. 

6.  Each  shift  shall  consist  of  one  overseer  in  general  charge,  one  snboverseer  or 
master  laborer  in  charge  of  the  ramming  gang,  and  the  foremen,  engine  drivers,  track 
layers,  carpenters,  and  laborers  necessary  for  the  skillful  and  economical  execution 
of  the  work. 

7.  Provision  shall  be  made  for  the  continuous  inspection  of  concrete  work  in 
progress,  and  to  this  end  a  junior  engineer  or  inspector  shall  be  detailed  with  each 
working  shift,  whose  duty  it  shall  be  to  remain  constantly  on  the  work  during  his 
shift,  and  to  see  that  all  operations  are  carried  on  in  an  accurate,  careful,  and  con- 
scientious manner,  according  to  the  true  intent  and  meaning  of  the  specifications. 
He  shall  be  authorized,  in  the  absence  of  his  superiors,  to  give  orders  necessary  for 
the  proper  execution  of  the  work,  and  will  be  held  accountable  for  any  bad  work. 
The  Junior  inspector  shall  be  under  the  immediate  orders  of  the  senior  inspector,  and 
shall  report  to  him  for  instructions,  and  inform  him  periodicidly  of  all  faulty  work 
or  neglect  on  the  part  of  any  member  of  the  working  forces. 

8.  The  overseer  of  each  shift  shall  have  immediate  direction  of  the  working  gangs 
and  must  maintain  a  proper  organization  and  discipline,  so  that  the  work  may  pro- 
ceed without  delay  and  every  man  worked  to  his  full  capacity.  He  shall  keep  him- 
self well  informed  as  to  men  and  material  needed,  and  shall  make  timely  requisition 
on  the  senior  inspector  for  the  same.  At  the  close  of  each  day's  work  he  shall  sub- 
mit to  the  senior  inspector  or  other  authorized  person  a  time  report,  giving  the  niunes 
or  numbers,  duties,  and  time  of  all  the  men  employed  during  the  shift. 

9.  The  overseer  of  each  shift  shall  be  required  to  obey  promptly  and  cheerfully  all 
orders  given  by  the  inspector  on  duty  in  relation  to  the  execution  of  the  work,  and 
shall  require  his  foremen  and  other  assistants  to  do  likewise. 

10.  The  suboverseer  or  master  laborer  in  charge  of  the  ramming  gang  occupies  a 
post  of  importance  and  should  possess  speci al  qnali fi cations.  His  auties  are  to  secure 
a  uniformly  thorough  ramming  of  the  whole  mass  of  concrete  and  an  unbroken  face 
to  the  lock  wall.  One  or  more  careful  men  should  be  taught  to  place  and  ram  the 
facing.    These  same  men  shall  always  be  put  at  this  work  when  possible. 

PROPORTIONS  AND  MIXINQ  OF  CONCRETE. 

11.  Proportions  and  ingredients  are  measured  by  volume,  and  the  number  of  cubic 
feet  given  below  represent  the  quantities  to  be  used  for  each  charge  of  concrete  put 
into  the  mixer. 

Portland  cement  concrete  shall  in  general  consist  of: 

Portland  cement,  1  part:=5  cubic  feet =5  sacks. 

Gravel,  4  parts  :=  20  cubic  feet. 

Broken  stone,  4  parts =20  cubic  feet. 
Natural  cement  concrete  shall  consist  of: 

Natural  cement,  2  parts  =  8  cubic  feet =4  Backs, 

Gravel,  5  parts  =  20  cubic  feet. 

Broken  stone,  5  parts =20  cubic  feet. 
Facing  material  shaU  consist  of,  by  volume: 

1.  Portland  cement. 

3.  Torpedo  sand  passing  No.  5  sieve. 

12.  Tlie  niles  of  gravel  and  broken  stone  shall  be  kept  thoroughly  sprinkled  with 
water  to  clean  surface  of  dust  and  to  prevent  absorption  by  Uie  dry  stone  of  the 
water  used  in  mixing  the  concrete. 

13.  When  delivered  in  bags  each  bag  of  cement  shall  be  emptied  directly  into  the 
charging  box,  as  the  division  of  a  barrel  of  cement  into  several  bags  diminishes  the 
chances  of  injurious  effect  of  a  defective  barrel,  and  hence  the  ususbl  requirements  of 
drawing  charges  from  a  mixture  of  five  or  more  barrels  may  be  dispensed  with. 
When  delivered  in  barrels  this  latter  reouirement  will  be  observed. 

14.  All  bags  and  sacks  shall  be  carefully  preserved  for  return  to  the  dealers  far- 
nishing  cement,  in  order  to  secure  to  the  United  States  the  rebate  thereon,  to  be 
deducted  firom  subseqtient  bills  for  cement. 

15.  The  proper  measures  of  ingredients  shall  be  emptied  into  the  charging  box  in 
the  following  order:  First,  gravel;  second,  cement;  third,  broken  stone;  fourth, 
water. 

16.  Enough  water  shall  be  added  to  make  the  concrete  cohere  after  a  thorough 
mixing.    A  greater  degree  of  plasticity  than  that  possessed  by  damp  sand  is  required, 
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uid  the  object  is  to  have  the  consistenoy  snoh  that  a  thorough  ramming  will  bring 
water  to  the  aarface.  The  mass  of  concrete  shoald  not  qaake  on  ramming ;  incipient 
quaking  marks  the  limit,  and  any  excess  of  water  in  one  charge  may  be  corrected  by 
making  the  next  charge  a  little  dryer.  The  proper  amount  of  water  can  be  deter- 
mined only  by  experience,  and  most  be  varied  from  timejbo  time  to  suit  the  conditions 
of  the  weather  and  the  ingredients.  It  is  very  important  that  Portland  cement  shall 
have  snfficient  water  for  its  complete  hydration.  Natural  cement  requires  less  water 
for  hydration  than  Portland. 

17.  The  contents  of  the  charging  box  shall  be  dumped  Immediately  into  the  cubical 
mixer,  which  shall  be  revolYed  for  not  less  than  two  minutes  at  a  rate  not  exceeding 
nine  revolntions  per  minute.  The  product  is  improved  by  longer  mixing,  and  all 
the  time  leas  than  period  required  for  initial  set  available  between  deliveries  required 
at  the  forms  should  be  utilized  for  extra  turns  to  the  mixer.  The  facing  material 
shall  be  mixed  by  hand,  and  a  very  small  gang  will  be  able  to  keep  the  forms  sup- 
plied, as  for  a  facing  of  a  uniform  thickness  of  two  inches  about  70  cubic  yards  only 
will  be  required  for  a  lock,  or  about  3^  cubic  yards  to  each  section.  A  close  watch 
most  be  kept  of  the  quantity  used,  and  the  above  limit  must  not  be  exceeded. 

DSPOSITINO  Ain>  RAMMING  CONCRSTB. 

18.  Each  lock  wall  shall  be  built  in  sections,  avera^^g  about  20  feet  in  length, 
making  10  sections  to  each  wall.  The  planes  of  division  oetween  sections  shall  be 
at  right  angles  to  the  axis  of  the  lock,  and  are  indicated  on  drawings  furnished  from 
thisofflee. 

19.  Each  section  shall  be  a  monolithic  mass  of  oonorete  built  continuously  from 
the  bottom  to  completion  without  horizontal  joints.  The  sections  shall  be  filled 
with  horizontal  layers  about  six  inches  thick,  each  layer  to  be  deposited  before  l^e 
"initial"  set  of  the  previously  deposited  layer. 

20.  The  vertical  planes  of  division  between  sections  shall  be  made  by  transverse 
bulkheads  built  in  the  forms  and  at  each  bulkhead  a  dovetail  or  recess  shall  be  made 
for  the  interlocking  of  adjacent'  sections,  the  dovetuls  reaching  &om  foundation  to 
one  foot  below  the  coping  of  the  sections. 

21.  Alternate  sections  shall  be  built  first,  then  the  bulkheads  shall  be  removed  and 
the  remaining  sections  filled  with  concrete. 

22.  Before  beginning  a  section  ite  foundation  shall  be  swept  clean  with  wire 
brooms  and  covered  with  a  wet  layer  one  inch  thick  of  1  to  1  cement  mortar  to  make 
a  elosejoint  between  the  wall  and  the  foundation. 

23.  iJie  walls  of  the  wooden  forms  shall  be  kept  well  wet  during  the  progress  of 
the  eonerete  work  to  prevent  their  absorption  of  water  from  the  newly  placed  con- 


24.  The  lowest  step  or  thickest  part  of  the  lock  walls  shall  consist  of  not  less  than 
2  feet  of  Portland  cement  concrete  next  to  the  face  of  the  wall  and  a  backing  of  nat- 
vial  cement  concrete.  All  other  walls  or  parts  of  walls  shall  be  of  Portland  cement 
eooerete. 

25.  The  exposed  faces  and  oopings  of  all  walls  shall  consist  of  Portland  cement  and 
torpedo  sand  1  to  3.  The  thidmess  of  facings  shall  not  exceed  1^  inches,  nor  be  less 
tham  three-fourths  inch. 

26.  The  fEusing  and  backing  must  go  on  simultaneously  in  the  same  horizontal 
layers.  In  order  to  gauge  the  thickness  of  the  facine  accurately,  a  light  board  or 
diaphragm  of  thin  metal  with  convenient  handles  shau  be  set  on  edge  parallel  to  and 
H  inches  f^om  the  front  wall  of  the  forms.  The  facing  material  shau  be  deposited 
in  the  space  between  this  board  and  the  form.  The  concrete  of  the  backing  shall 
thai  be  deposited  and  spread  against  the  back  of  this  board,  which  may  then  be  with- 
drawn and  the  whole  mass  thoroughly  rammed  so  as  to  bond  the  facing  and  backing 
by  destroying  the  surface  of  demarcation  between  them,  but  no  stone  must  be  forced 
nearer  to  the  front  wall  of  the  form  than  three  fourths  inch.  No  attempt  shall  be 
made  to  secure  a  definite  surface  between  the  Portland  and  natural  cement  concrete 
in  the  lowest  step  of  the  lock  walls,  but  they  shall  be  thoroughly  bonded,  blended, 
and  interlocked,  one  into  the  other,  by  long  lap  or  splice  j  oints  in  every  layer  deposited. 

27.  When  the  top  surface  of  the  coping  is  reached  it  shall  be  finished  after  ram- 
ming by  cutting  off  the  excess  with  a  straight  edge  and  rubbed  smooth  and  hard 
with  a  float  by  skilled  sidewalk  finishers.  The  wet  finishing  coat  shall  be  of  2  to  3 
Bwrtar  with  torpedo  sand,  and  shall  be  as  thin  as  possible  without  exposing  the 
•tone  or  gravel  of  the  concrete  below,  1  inch  is  sufficient  thickness.  The  coping  uf 
lock  warn  shall  be  slightly  crowned  in  the  center. 

28.  The  &cing  and  coping  shall  show  a  smooth  dense  surface  without  pits  or 
irregularitiee.  This  is  most  likely  to  be  secured  by  thorough  and  systematic 
nunming. 

29.  Concrete  shall  not  be  laid  in  water  nor  exposed  to  the  action  of  water  until 
thoroughly  set.     Concrete  or  mortar  shall  not  be  made  when  the  temperatme  ia 
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lower  than  35^  Fah.  in  the  shade,  nor  when  rain  is  falling  on  it.  All  concrete  work 
shall  cease  November  20,  and  not  be  resumed  before  April  1.  Forms  and  molds 
must  be  left  in  position  for  not  less  than  four  days  after  concrete  is  deposited. 
Freshly  depositea  concrete  shall  be  protected  from  the  direct  rays  of  the  snn  and 
wind  by  boards  or  tarpanlins,  and  as  soon  as  a  section  of  wall  is  completed  the 
exposed  coping  must  be  covered  with  a  thick  layer  of  wet  sand  and  the  whole  mass 
of  wall  must  be  kept  sprinkled  until  the  concrete  is  thoroughly  set. 

DELIYERT  OF  MATERIAL. 

30.  Stone  and  gravel  shall  be  delivered  in  as  compjict  piles  as  possible,  so  as  to 
reduce  the  average  length  of  haul  to  the  concrete  mixer. 

31.  Torpedo  sand  shall  be  screened  directly  into  cars  at  the  gravel  pit,  and  this 
work  dispensed  with  at  the  lock  site.  The  pebbles  resulting  from  this  screening 
shall  be  regarded  in  mixing  as  crushed  stone. 

32.  Cement  can  probably  be  delivered  as  required  for  use.  No  large  amount 
should  be  in  temporary  shelters,  nor  exposed  to  danger  of  injury  by  rain  or  damp 
weather. 

RECORDS  AND  REPORTS. 

33.  An  accurate  report  of  the  time  and  duties  of  all  men  employed  on  the  shift 
should  be  submitted  daily  by  the  overseer  of  each  shift  as  soon  after  the  close  of 
work  as  possible.  This  report  shall  be  in  writing,  signed  by  the  overseer,  and  shall 
be  handed  to  the  inspector  or  to  the  clerk  or  timekeeper  designated  b^  him. 

34.  From  time  to  time,  once  every  day  if  practicable,  at  irregular  times,  the  clerk 
or  timekeeper  shall  visit  the  work  in  person  and  note  the  men  actually  employed, 
and  such  record  shall  be  used  as  a  check  on  the  overseer^s  time  report. 

35.  An  accurate  record  of  all  material  put  into  the  work  or  used  in  connection 
therewith  shall  be  kept  by  the  receiver  of  material,  under  the  direction  of  the  assist- 
ant engineer,  and  the  inspector  in  charge  of  construction  shall  ailbrd  every  facility 
for  obtaining  the  information  essential  to  such  record. 

36.  The  inspector  in  charge  of  construction  shall  upon  completion  of  the  maaonry 
of  each  lock  prepare  a  report  of  the  cost  of  the  work,  giving  the  quantities  of  each 
class  of  material  used  and  the  labor  account  of  each  class  of  operations  (as  deliver- 
ing material,  erecting  and  removing  forming,  mixing  and  depositing  concrete,  etc.). 

37.  To  aid  in  fixing  responsibility  for  defective  work  due  to  carelessness  in  placing 
concrete,  it  is  ordered  that  an  *' inspection  sheet''  be  prepared  for  each  lock,  on 
which  shall  be  shown  graphically  the  exact  location  and  amount  of  work  done  by 
each  shift,  the  hours  and  date  of  such  work,  and  the  names  of  the  junior  inspector, 
overseer,  and  head  of  ramming  R^ng  on  duty  with  such  shift.  The  employees  named 
will  be  neld  strictly  responsible  for  the  quality  of  the  work,  and  inefficiency  or 
carelessness  will  not  be  tolerated. 

38.  The  data  for  the  inspection  sheet  shall  be  furnished  daily  by  the  junior  inspector 
with  each  shift  to  the  inspector  in  charge  of  construction,  who  shall  satisfy  himself 
that  the  data  are  correct. 

39.  The  inspector  in  charge  of  construction  shall  sign  the  inspection  sheet,  certi- 
fying to  its  correctness,  and  shall  submit  the  same  to  the  assistant  engineer,  with  full 
information  in  regard  to  the  execution  of  the  work  and  the  efficiency  of  his  subordi- 
nates. 

40.  The  assistant  engineer,  in  submitting  the  inspection  sheet  to  the  officer  in 
charge,  will  report  as  to  the  quality  of  the  concrete  work  and  the  character  of  the 
inspection. 

41.  Competent  inspection  service  must  be  maintained,  and  inspectors  must  be 
thoroughly  trained  in  their  duties.  Inspectors  exhibiting  special  qualifications  for 
concrete  work  shall  be  retained  on  such  work  throughout  the  season. 

42.  The  duties  of  the  inspectors  must  not  be  confounded  with  those  of  the  over- 
seers. The  overseer  is  employed  to  do  the  work,  the  inspector  to  see  that  the  work 
is  done  properly:  the  overseer  should  organize  and  govern  the  working  parties  and 
designate  their  duties  and  the  order  of  their  detailed  operations,  the  inspector  is  the 
judge  of  the  methods  employed,  and  a  director  of  the  work  so  far  as  to  require  the 
best  methods  and  material  necessary  to  the  attainment  of  specified  results. 

WESTERN  SECTION. 

The  work  on  this  section  has  been  confined  to  operations  for  securing 
right  of  way  and  to  office  work  relating  to  detailed  plans  and  estimates 
of  the  work  of  construction  of  the  section.  More  than  one-third  of  the 
right  of  way  has  been  condemned  and  awards  made,  but  the  amounts 
awarded  have  not  been  paid. 
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FEEDER  LINE. 

During  the  year  all  lands  required  for  right  pf  way  for  the  feeder, 
except  one  piece,  lia  ve  been  condemned  and  awards  made.  They  will 
be  paid  for  as  rapidly  as  practicable.  All  necessary  work  of  preparing 
estimates,  etc.,  for  putting  the  feeder  nnder  contract  has  been  done. 

The  work  on  feeder  and  western  section  has  been  in  charge  of  Mr. 
L.L  Wheeler,  assistant  engineer,  whose  report  in  detail,  accompanied 
by  two  index  maps  showing  the  present  status  of  the  right-of-way  mat- 
ter, with  a  full  description  of  the  methods  employed  in  securing  title  to 
lands  as  far  as  relate  to  the  duties  of  this  office,  is  hereto  appended. 

PEOPOSED  APPLICATION  OF  FUNDS  NOW  ON  HAND  AND  THOSE  ASKED 
FO»   POB   FISCAL  TEAR  ENDINO  JUNE  30,  1900. 

It  is  proposed  to  apply  these  funds  to  completing  the  work  now  under 
oontract;  to  continuing  by  hired  labor  the  construction  of  locks,  aque- 
ducts, piers,  and  abutments  of  bridges;  lining  the  canal  trunk  with 
stone,  filling  behind  locks,  and  other  finishing  work  now  in  progress; 
to  the  payment  of  awards  already  made  for  right  of  way;  to  the  con- 
Btmction  of  earthwork,  etc.,  under  contract,  of  the  feeder,  and  gener- 
ally to  push  toward  completion  the  construction  of  this  canal. 

A  series  of  photographic  views  of  characteristic  work  on  the  eastern 
Bection  accompanies  this  report. 

Apprapriations, 

Joly  1. 1S90,  balance  unexpended  from  previons  appropriations $786. 46 

Act  of— 

September  19, 1880 500,000.00 

Jalvl3,1892 500,000.00 

August  17, 1894 190,000.00 

JnDe3,1896 45,000.00 

8imdrycivilactJune4, 1897 875,000.00 

Sundry  civil  act  July  1, 1898 1,427,740.00 

Total 3,538,526.46 

Expended  to  June  30, 1898 1,748,905.13 

Balance  unexpended  Jnly  1,1898 1,789,621.33 

Money  statement, 

July  1, 1897,  balance  unexpected $906,898.91 

Aibcrant  appropriated  by  sundry  civil  act  approved  July  1, 1898 1, 427, 740. 00 

2, 334, 638. 91 
Jime  30, 1898,  amount  expended  during  fiscal  year 545, 017. 58 

Jnly  1, 1898,  balance  unexpended 1,789,621.33 

Jnly  1, 1898,  outstanding  liabilities $93,214.90 

Jolj  1, 1898,  amount  covered  by  uncompleted  contracts 244, 785. 61 

338, 000. 51 

July  1, 1898,  balance  available 1,451,620.82 

Amount  (estimated)  required  for  completion  of  existing  project *3, 433, 490. 00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June 

i     30,1900 1,427,740.00 

Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 

[    harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 

— c — • ■ 

*  125,000  appropriated  for  constructing  bridge  across  Rock  River,  at  Moline,  lU. 
(sQodiy  civil  act  July  1, 1897),  added  to  amount  required  for  completion. 
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ILLINOIS  AND  MISSISSIPPI  CANAL— WESTERN  SECTION. 

Around  lower  rapids  of  Bock  Biver, — Total  cost, 

[Completed  and  in  operation.] 

Surveys $22,938.92 

Right  of  way 26,851.14 

Canal  trunk : 

Milel 24,154.91 

Mile  2 18,985.64 

Mile  3 18,680.01 

Miles  4  and  5 126,716.52 

Lock  No.  37 89,542.31 

Look  No.  36 39,532.19 

Guard  lock 72,696.97 

Dams 35,086.1$ 

Bridges , 39,437.89 

Property  (to  be  charged  entire  canal,  when  completed) 32, 607. 30 


Total: 547,229.93 


Bock  Biver  division, — Annual  siateinent,  fiscal  year  1898. 
Dredging  Rock  River 


$470. 21 


Feeder  junction  to  Bock  Biver, — Annual  statement,  fiscal  year  1898, 

Surveys : $9,371.37 

Right  of  way 1,355.65 


Total * 10,727.02 

Feeder  junction  to  Bock  Biver, — Cost  to  close  of  fiscal  year  1898, 


Surveys 

Hightof  way. 


Total 


At  c'lofie  of 
1897. 


Fiscal  year 
1898. 


$8, 801. 75 


$9, 371. 37 
1.355.65 


8,801.75 


10,727.02 


Total. 


$18, 173. 12 
1,355.«5 


19.528.77 


Feeder  line, — Annual  statement,  fiscal  year  1898, 

Surveys $1,741.87 

Right  of  way 399^82 

Property 124.47 


Total 2,266.16 

Feeder  line, — Coat  to  close  of  fiscal  year  1898, 


At  close  of 
1897. 


Surveys $25,512.94 

Right  of  way I      2,846.47 

Property '  4.56 


Fiscal  year 

1898. 


$1, 741. 87 
399.  82 
124. 47 


Total ,    28,363.97 


2, 266. 16 


Det«riora 

tion  of 
proi)erty. 


$25.80 


2S.80 


Total. 


$27,280.61 

3, 246. 29 

103.23 


30. 630. 13 
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EoMiem  •ectUm.-'Annual  BtaUmtntf  fiscal  year  1S98, 


Sorveye $292.16 

Bight  of  way 43,592.69 

Canallmiik: 

Mile  1 8,776.38 

Mile  2 7,458.01 

Mile  3 6,602.29 

Mile  4 9,222.51 

Mile  5 8,004.08 

MUe  6 4,529.67 

Mile  7 4,482.41 

Mile  8 8,090.23 

Mile  9 15,287.02 

MilelO 15,016.68 

Mile  11 20,257.71 

Mile  12 9,739.34 

Mile  13 16,002.20 

MfleU 9,033.03 

Mflel5 40,875.28 

MUeie 27,989.17 

Mile  17 752.51 

MOelS 4,235.21 

Mile  19 8,997.88 


Mile  20 

Mile  21 

MUe  22 

MUe  23 

Mile  24 

Loeks: 

No.  1. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 


468.82 
353.92 
322.39 
351.88 
451.91 

597.59 


2 1,313.04 

3 1,849.40 

4 723.16 

6 692.26 

7 1,510.83 

8 22,464.36 

9 9,064.74 

No.10 11,287.00 

No.ll 11,091.07 

No.l2 6,550.16 

No.l3 6,456.56 

No.l4 4,381.24 

No.15 1,483.29 

No.16 1,820.49 

No.17 894.56 

No.18 4,669.41 

No.l9 10,362.06 

Na.20 1,881.33 

No.2I 8^963.44 


Aroh  oul verts : 

No.l 

No.2 

No.3 

No.4 

No.5 

No.6 

No.7 

Pipe  calverta: 

No.  5 

No.   7 

No.  8 

No.  9 

No.10 

No.  11 

Aoaeduot  No.2 

Highway  bridges: 

Mile   2 

Mile   5, No.2 

MUe   7 

Mile   8 

Mile  13 

Mile  15 

MilelO 

New  highway,  mile  16 

Hoases: 

AtLookNo.  3 

At  Look  No.  6 

At  Lock  No.  11 

At  Look  No.  13 

At  Look  No.  19 

On  mile  23 

On  mile  24 

Qravelpit..., 

Look  forming 

Telephone  line  (nnfinished).. 

General  constmction 

Saperintendence  and  office. .. 
Care  and  repair  of  property 

and  plant 

Property 

Material  (stock  on  hand)  .... 


$175. 41 

420.38 

233.56 

406.85 

17.00 

6,899.89 

8,530.65 

2, 981. 54 
2,024.07 
2, 349. 44 
1, 338. 73 
1, 700. 61 
1, 359. 19 
136.93 

1, 971. 12 
1,663.96 
2, 501. 77 

2. 381. 39 
2L60 

340.93 

5. 025. 50 
4,898.66 

1. 854. 51 

1. 107. 40 
1,555.30 

354.92 

1,689.70 

2n.43 

170.95 

9, 722. 48 

4,566.62 

397.92 

29, 308. 75 

24, 338. 60 

6, 217. 87 

9, 199. 11 

30, 408. 21 


Total 547,674.51 

Less  material  on  hand  Jnne 
30,1897 16,120.32 

Total  for   fiscal   year 
1898 531,554.19 


7\>tal  ooii  to  dose  of  fiscal  year  1898. 


^iwm 

^fhtofway 
OtttltniBk: 

Mite  1.. 

Mile  2.. 

Mi]8  8.. 

Mile  4.. 

Mile  5.. 

Mile  6.. 

MDe  7.. 

MOe  8.. 

Mile  ».. 

MilelO.. 


▲t  oloee  of 
1B87. 


$29,844.68 
87.807.58 

14,887.82 
14,519.01 
14,100.87 
34,490.58 
22,447.85 
10,822.88 
12,808.88 
10,452.80 
461.19 
455.74 


Fiioaly 
1898. 


$292.18 
48,602.80 

8,778.88 
7,458.01 
8,602.29 
9,222.51 
8,004.08 
4,520.67 
4,482.41 
8.090.23 
If,  237. 02 
15,016.68 


Deterio- 
ration of 
property 
and 
plant. 


099.21 
81.81 
74.68 

104.25 
90.48 
51.21 
60.67 
91.45 

172.81 

189.75 


Equitable  Equitable 


part  of 

general 

oonetmo- 

tinn. 


0322.81 
273.89 
242.48 
838.60 
293.94 
166.85 
164.61 
297.11 
561.40 
551.48 


part  of 

8nperin> 

tendenoe 

andoflioe. 


$548.22 
405.86 
412.41 
576.06 
499.97 
282.96 
279.99 
505.85 
954.90 
938.01 


Equitable 
part  of 

careafid 
repair. 


$140.06 
119.02 
105.36 
147. 17 
127.78 
72.29 
71.53 
129. 11 
243.95 
238.64 


Total. 


$29,936.74 
111,400.27 

24,753.80 
22,920.10 
21,597.82 
44,879.26 
31.461.05 
15,925.18 
17,656.09 
19,565.94 
17,681.27 
17,37L80 
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Total  eo8t  to  oJose  of  fiscal  year  1898-~Contmued. 


Canal  trunk— Cont'd. 

Mile  11 

Mile  12 

MUel3 

Mile  14 

Mile  16 

Mile  16 

Mile  17 

Mile  18 

MileW 

Mile  20 

Mile  21 

Mile  22 

Mile  23 

Mile  24 

Looks: 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

No.  6 

No.  7 

No.  8 

Na  9 

No.  10 

No.  11 

No.  12 

No.  13 

No.  14 

No.  15 

No.  16 

No.l7 

Nal8 

NalQ 

No.  20 

No.  21 

Pipe  calverta : 


1 
2 
3 

4 
5 
7 
8 
9 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No.  10 

No.  11 

Arohoolverts: 

No.l 

No.2 

Na3 

No.4 

No.5 

No.6 

No.7 

Aqneductfl : 

No.l 

No.2 

Highway  bridges : 

Mile  2 


At  close  of 
1897. 


1446.81 
446.87 
219.81 
203.00 
215.01 
233.91 


37,474.15 
39, 290. 13 
85,355.98 
85,882.05 
37, 800. 99 
39. 093. 50 
33, 024. 97 


3, 295. 57 

201. 86 

7,245.74 

6,062.58 


Mile   5,No.l 

Mile  5, No.2 

Mile   7 , 

Mile  8 

Mile  13 

Mile  15 

Mile  16 

New  highway,  mile  16. 
Houses : 

At  lock  No.  3 

At  lock  No.  6 

AtlockNo.ll 

At  lock  No.  18 

At  lock  No.  19 

On  mile  23 

On  mile  24 

[lOok  forming 


8,903.33 

6,411.96 

10, 520. 79 

12,907.94 

7,162.07 


13, 915. 95 


3,182.20 


Fiscal  year 
1898. 


$20,257.71 

9, 739. 34 

16,002.20 

9. 033. 03 
40, 875. 28 
27,989.17 

752. 51 
4.235.21 
^,997.88 
468.82 
353.92 
322.89 
351.88 
451.91 

597.59 

1. 813. 04 
1, 849. 40 

723.16 


692.26 
1,510.83 

22,464.35 
9. 064. 74 

11, 287. 00 

11, 091. 07 
6, 550. 16 
6, 456. 56 
4,381.24 
1,483.29 
1, 820. 49 
894.66 
4,069.41 

10, 862. 06 
1,  831. 33 
8,963.44 


Deterio- 
ration of 
property 
and 
plant. 


2, 081. 54 
2, 024. 07 
2, 349. 44 
1, 338. 73 
1,700.61 
1, 359. 19 

175. 41 

420.38 

233.56 

406.85 

17.00 

6,899.89 

8, 530. 65 


136.93 
1,971.12 


3,824.20 


1. 663. 96 
2,501.77 

2. 381. 39 
21.60 

340.93 
5,025.50 
4, 898. 66 

1, 854. 51 

1. 107. 40 
1,555.30 

354.92 

1, 689. 70 

211.43 

170. 95 

4,666.62 


$228.99 

110. 10 
180. 89 

102. 11 
462.06 
316.39 

8.61 
47.88 
101.71 
5.30 
4.00 
3.65 
3.98 
6.11 

6.76 
14.84 
20.91 

8.18 


7.83 

17.08 

253.94 

102. 47 

127.59 

125. 37 

74.04 

72.99 

49.53 

16.77 

20.58 

10.11 

52.78 

117. 13 

20.70 

101.82 


Equitable 
part  of 
general 

construc- 
tion. 


$743.95 

357.68 

567. 67 

831.73 

1, 501. 11 

1,027.88 

27.64 

155.53 

330.44 

17.22 

13.  OC 

11.85 

12.92 

16.60 

21.95 
48.22 
67.92 
26.56 


33.71 
22.88 
26.56 
15.13 
19.22 
16.37 

1.98 

4.75 

2.64 

4.60 

.19 

78.00 

96.43 


25.48 

55.48 

824.98 

332.  90 

414. 40 

407.31 

240.56 

237.11 

160.91 

54.47 

66.86 

32.85 

171. 48 

380.54 

67.25 

329.19 


Equitsble 
part  of 
superin- 
tendeuoe 

and  office. 


Equitable 
part  of 

care  and 
repair. 


Tot 


$1,265.39 

608.36 

999.67 

564.24 

2,553.26 

1,748.34 

47.01 

264.55 

662.06 

29.28 

22.11 

20.14 

21.98 

28.23 

37.33 

82.02 

115. 62 

46.18 


1.55 
22.28 


18.81 
28.28 
26.92 
.25 
3.85 
66.82 
65.38 

20.96 

12.52 

17.58 

4.01 

19.10 

2.39 

1.93 


109.49 
74.33 
86.29 
49.17 
62.45 
49.92 

6.44 

15.44 

8.58 

14.95 

.63 

253.40 

313.29 


43.25 

94.37 
1, 403. 23 
566.22 
705.04 
692.80 
409.16 
403.31 
278.67 

92.65 
113.72 

55.88 
291.67 
647.26 
114. 39 
659.90 


6.03 
72.39 


61.11 

91.87 

87.46 

.80 

12.52 

184.56 

179.92 

68.11 
40.67 
57.12 
13.05 
62.07 
7.77 
6.29 


186. 24 
126.44 
146. 76 

83.62 
106.23 

84.90 

10.96 

26.26 

14.50 

26.42 

1.06 

431.00 

632.87 


8.66 
123.12 


103.94 
156.27 
148.76 
1.35 
21.29 
313. 92 
306.48 

115.84 
69.17 
97.15 
22.17 

105.55 
13.20 
10.68 


$323.27 

155.42 

255.  SO 

144.16 

652.29 

446.65 

12.01 

67.59 

143.59 

7.48 

6.65 

5.16 

6.62 

7.21 

9.54 
20.96 
29.51 
11.64 


11.06 

24.11 

368.49 

144.66 

180.12 

176.99 

104.53 

103.04 

69.92 

23.67 

29.05 

14.28 

74.52 

165.36 

29.23 

143.04 


47.58 
32.30 
37.50 
21.36 
27.14 
21.69 

2.80 

6.71 

8.73 

6.60 

.27 

110. 11 

136.13 


2.19 
3L46 


26.56 
89.93 
38.00 
.35 
5.44 
80. 2U 
78.17 

29.60 

17.67 

24.82 

5.67 

26.97 

3.38 

2.73 


$23,2 

n,i 

18.2 
10,3 
46,2 
31.7 
8 

4.7 
10,1 
5 
8 
3 
3 
6 

88,1 

40,7 

37,4 

36,6 

37,8 

39,8 

34,7 

25,9 

10,2 

12,7 

12,4 

7.3 

7,2 

4,9 

i,e 

2,0 
],0( 
6,2 

11,  ff 

2.0< 

10,01 

3,2! 
21 
7.2 
6.0< 
3,3i 
2,2i 
2,6^ 
1,5( 

l,5i 

».« 

«.« 
10, 7J 

13, 3( 
7,r 
7,71 
»,« 

13,91 
II 

2,22 
3.11 

1.8^ 
2,81 

^1 

3( 

6,61 

2.« 

1,24 

1.7f 

31 

l.« 
23 

II 
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Total  co»t  to  tilo9€  of  fiscal  year  2^^— Coutinaed. 


* 

At  close  of 
1897. 

Fiscal  year 
1898. 

Deterio- 
ration of 
property 
and 
plant. 

Equitable 
part  of 
general 

constrac- 
tlon. 

Equitable 
part  of 
superin- 
tendence 

and  offloe. 

EqniUbte 
part  of 

care  and 
repair. 

Total. 

GrarelDit 

18,722.48 

397.92 

29,308.95 

24,838.60 
6,217.87 
9, 199. 11 

30,408.21 

« 

18,722.48 
897.92 

Tdrahoiwt  Wiut . . .  ^ . ,  ^ 

$13,000.00 

28,000.00 

Saperiatendence  and 

CftnftiMl  rfMwir  of  i^lunt  - 

fT^p^if ^y  ,.,.,,.,.»»,•.■ 

12, 823. 18 
16,120.82 

17. 617. 88 

Material  (atook  on 
fiairi)        , , 

80,408.21 

"■■"'/  .-.--«.«..•..--- 

Lot  aiaterial  on  hand 
Juie3Q,1897 

547,674.51 
16.120.32 

ToUl 

619,  491. 90 

531,554.19 

14.404.46 

$14,308.95 

$24,338.60 

$6,217.87 

1,151,046.00 

Expenditures  Illinoie  and  MUsiseippi  Canal  for  fiscal  year  1898, 

Eastern  Bection $531,554.19 

Western  section : 

Rock  River  division 470.21 

Feeder  Junction  to  Rock  Kiver 10,727.02 

Feeder  line 1 2,266.16 


Total 646,017.68 


Total  expenditures  Illinois  and  Mississippi  Canal  to  end  of  fiscal  year  1898. 

Eastern  section $1,151,046.09 

Wcsteni  section : 

Aroand  rapids  of  Rock  River 547,229.93 

Kock  River  division 470.21 

Feeder  Junction  to  Rock  River 19,528.77 

Feeder  line 30,630.13 


Total 1,748,906.13 


lift  of  eontraets  for  oonstruoiion  of  Illinois  and  Mississippi  Canal  in  force  during  fiscal 

year  ending  June  SO,  1898. 


Same  and  addrMS  of  con- 
tractor. 


Kux,  Crasaall  Sc  Callahan. 

OBtth»,Nebr. 
Cotta  &  Pound,  Chicago, 

IfeAithiir  Broe.  Co.,  Chi- 
e*fo,I]L 

'ob  J.KcCanshey,  Sam- 

^autin.  * 

vMw  CoDstmction    Co., 

^«MinBati,Ohio. 

s-CCaahiBff  Sc  Co.,  Chi- 

e«J!OiIlL 
B>A.Boedker  4k  Co.,  Chi- 

ca8o.m. 
IW  Toledo   Bridge   Co., 

Toledo,  Ohio. 


If  atore  of  contract. 


Earthwork,  miles  9  to 
16  inclusive. 

Pits  and  foundations  for 
11  locks  and  2  aque- 
ducts. 

2  concrete  aroh  and  6 
cast  •  iron  pipe  cul- 
verts. 

Earthwork,  miles  17  and 
18. 

Earthwork,  miles  19, 20, 
21,22,23. 

Earthwork,  mile  24 


Pits  and  foundations, 
Locks  19, 20,  and  21. 

SuxMrstructure  6  steel 
highway  bridges. 


Date. 


June  19, 1887 
do 


.do 


Oct     6,1897 

do 

do 

do 

Jan.  24,1896 


To  expire. 


July    1,1898 
do 


Sept.  30, 1899 

do 

do 

do 

June  30, 1898 


Remarks. 


Extended  to  Oct.  1, 

1898. 
Extended  to  Sept. 

30,1888. 

Completed  Bee  8, 


dmpi( 
18V/. 


Extended   toJnly 
15, 1898. 
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Abstmot  of  proposals  for  eonstrnding  8  miles  or  less  eastern  seoUon  niinais  and  Missis- 
sippi Canal,  mile  17  to  mile  fd,  excavating  lock  pits,  and  constructing  foundations  for 
three  looks,  and  for  constructing  one  concrete  arch  culvert,  received  in  response  to  adver- 
tisement of  August  S3, 1897,  and  opened  If  m,,  central  time,  September  S3, 1897,  by  Maj. 
W»  L,  Marshall,  Corps  of  Engineers, 


^•3 

m 

Name  and  addreaa  of  bidder. 

HOslT. 

4 

IS 

Sartbwork  (142,000 
enbioyarda). 

Stone  pavine  (50 
aqoare  yaraa). 

TotaL 

sS" 

Prioew 

Amount. 

Price. 

Amount. 

1 

Coflran  it, Pound.  Chloairo. Ill t. ...... ....... 

10.15 
.129 
.08 
.0675 
.0688 

$21,800.00 

18,818.00 

11.360.00 

12,425.00 

9,911.60 

12.50 

$125.00 

$21, 425. 00 

10 

John  8oott  &  Hona.  St. XiOnia. Mo 

11 

R.  fJ.  f/nahlnir  dt  Co..  Ohioairo.  Ill 

2.00 
1.65 
1.60 

100.00 
82.50 
80.00 

11.460.00 

18 
14 

John  Jr  MoC&nffhAy.  ^nmmit.  111 ^ 

12.507.50 
9.09L60 

V4 

A 

Is 

Name  and  addreaa  of  bidder. 

Hilel8. 

Earthwork  (91,000 
onbio  yai^a). 

Stone  paving  (50 
aquare  yarda). 

TotaL 

!?" 

Prioe. 

Amount. 

Price. 

Amount. 

1 

CV>?m  4t  Ponnd. (Thioaffo. Hl-.^-.-r^ 

$0.18 
.0875 
.129 
.085 
.085 
.0773 

$16. 380. 00 
7,962.50 
11,739.00 
7,735.00 
7,735.00 
7,034.80 

$2.50 

$125.00 

$16,505.00 

0 

Ramnfti  flawtAll.  Omaha.  Nnbr.     ,-- 

10 

John  Sflott  A. Koha. S^  Louiii  Mo  .......... 

11 

R.  C  ChinhiniF  &.  Co..  Chicago.  Ill 

2.00 

100.00 

7,835.83 

13 
14 

John  J.  Mc(?aafFheY.  8nmmit>  111 .r 

1.65J  82.50 
L60              80.00 

7.817.50 
7, 114. 30 



V4 

Name  and  addreaa  of  bidder. 

MUelS. 

ll 

Earthwork  (172,000 
cubic  yarda). 

Stone  ikavinff  (50 
aquare  yaroa). 

Total. 

S' 

Price. 

Amount. 

Prioe. 

Amount. 

1 

Coffan  &  Ponnd.  Chioaffo.  HI 

$0.20 
.105 
.125 
.17 
.11 
.11 
.15 
.097 

$34,400.00 
18,060.00 
21,500.00 
29,240.00 
18,920.00 
18,920.00 
25.800.00 
16,684.00 

$2.60 
2.00 
8.00 

$125.00 
100.00 
100.00 

$34, 525. 00 

5 
6 

Thoa.Con]ev&  Co.,  La  Grange,  111 

MnArthar  Hroft.  Co..  Chloairo.  Ill r-^ 

18.160.00 
21, 600. 00 

10 

Jnhn  flAAtt  ARaniL.  Rfc.T^nla.  Mo 

11 

ILCCnahins  &  Co..  Chicairo.  HI 

2.25 
L65 
L75 

112.50 
82.50 
87.50 

19,032.50 

18 
14 

.Tnhn  J.  If  fiCftnorhAv  Anmmlt,  JH 

19,002.50 
25,887.50 

15 

Globe  Conatnu^ion  Co.,  Cincinnati,  Ohio.. 

* 

Name  and  addreea  of  bidder. 

Mile  20. 

Earthwork  (364,000 
enbie  yarda). 

Stone  paying  (160 
aquare  yarda). 

Total. 

1^ 

Price. 

Amounl 

Prioe. 

Amount. 

1 

Haop*.*!  a.  "PAtmil    f^hfAaon    Til     ..    ... 

$0.35 
.18 
.24 
.185 
.225 
.16 
.18 
.225 
.0038 

$127,400.00 
47,820.00 
87.860.00 
67,840.00 
81,900.00 
58,240.00 
65,520.00 
81,900.00 
83,961.20 

$2.50 
2.00 
2.00 

$400.00 
320.00 
820.00 

$127. 800. 00 

6 

e 

Tboa.  Conley  A,  Co.,  La  Grauge,  III 

lioArihnr  Broa  Co.  Chicaffo.111 

47.640.00 
87,680.00 

9 

Omniti.l  fi*.wtA)1  OniAha.  Nfibr 

10 

Jfthn  Snatt  A.  Sonn.  St.IxmiA.Mo.. 

11 

■R  C  CiiMh1ii<r  A  (?o..  (Thlnairo.  Til r  t 

2.50 
L65 
L80 

400.00 
264.00 
288.00 

58,640.00 

18 
14 
15 

John  J.  McCan jihey,  Summit,  111 .  .*. 

Globe  Conatructioii  Co.,  Cincinnati,  Ohio . . 

05,784.00 
82,188.00 

«4 

Name  and  addreaa  of  bidder. 

Mile  21. 

1^ 

Earthwork  (304,000 
eubio  yarda). 

Stone  paving  (50 
aquare  yarda). 

Total. 

Price. 

Amount. 

Price. 

Amount. 

1 
2 

Cogan  &  Pound,  (71iin,ago,  PI 

H Aidmaier  St  New.  ChicaiFO.  Ill 

$0.21 
.1275 
.24 
.12 
.24 
.1575 
.17 
.30 
.0933 

$63,840.00 
38.700.00 
72,960.00 
86,480.00 
72,960.00 
47,880.00 
51, 680. 00 
91, 200. 00 
28, 363. 20 

$2.50 
2.10 
2.00 

$125.00 
105.00 
10U.00 

$63,065.00 
38,865.00 

6 

MfiArihnr  BvtM  Co  .  Chi('*affi».  ill   -. 

73,060.00 

7 

Canal  Constrnetion  Co.,  Chicago,  i  11 

.TAlin  R/*Att:  A  Knna.  Sfe.  T.oiiia  Mo ....... 

10 

11 

IL  C  Ciuhinir  A.  Co..  Ghicairo.  Ill 

2.50 
1.65 
L80 

125.00 
82.50 
90.00 

48,t>05.00 

13 
14 
16 

Callahan  Constraction  Co.,  Omaha.  Nebr. . . 

John  J.  McCau^hev,  Summit,  111 

Globe  O>natructl0B  (>>.,  Cinoinnati,  Ohio .. 

51,762.50 
91,290.00 

APPENDIX   J  J — BEPOST  OP  MAJOR  HABSHALL. 
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i&ffroct  of  propoHtU  far  constructing  8  milw  or  less  eastern  section  Illinois  and  Missis- 
sippi Canal,  etc, — Continaed. 


i 

Kame  and  addrMs  of  bidder. 

Kile  22. 

Mile  23. 

• 

Kfle24. 

%4      . 

n 

Earthwork 

(392,000  cubic 

yarda). 

Earthwork 

(170,000  eabic 

yarda). 

Earthwork 

(93,000  cubic 

yarda). 

0 

Price. 

Amoont. 

Price. 

Amoant. 

Price. 

Amount. 

1 

Gocm  A  P^vnd.  ChlofwOiTIl..^ 

$0.25 
.186 
.24 
.149 
.2225 
.27 
.22 
.24 
.275 
.0938 

$98,000.00 
62,020.00 
94,080.00 
58,408.00 
87,220.00 

106,840.00 
80,240.00 
94,060.00 

107,800.00 
30,673.00 

$0.1925 
.125 

$38,880.00 
22,000.00 

$0.57 

$53,010.00 

2 

HMdmalw  A  N«w,  Chicf^o,  Til 

0 

MeArtbvr  Bros.  Co.,  Cbicaco,  111 

7 

Onul  Const  ractioii  Co.,  Chicago,  JUl 

flamnnl  8iiwt4ilL Omaha.  Nobr  t,..*. . ... r 

.128 

.236 

.225 

.17 

.26 

.30 

.0033 

22,704.00 
41,300.00 
39,000.00 
29,020.00 
44,000.00 
52,800.00 
10,420.80 

9 

.17 

.18 

.089 

.20 

.15 

15,810.00 
16, 740. 00 
8,277.00 
18, 000. 00 
13.950.00 

10 

-laiin  Sfflvtt  4^  SoDa.Rt-  T^pI*.  Vat^tt-**** 

11 

13 

u 

B.aCiiahinK&Co.,Chioafco.Ill 

John  J.  MeCnugbey,  Sammlt,  III 

15 

Globe  Coostraction  Co.,  Cincinnati, Ohio. 

F0T7in)ATI0N  FOE  LOCK  NO.  19. 


>5- 

Kame  and  addreaa  of  bidder. 

Earth  excavation 

(22,000  cubic 

yarda). 

Pilea  (368). 

Pine  timber 
(60,000feetRH.). 

Price. 

Amonnt. 

Price. 

Amount. 

Price. 

Amonnl 

1 
13 

(}oean  ik  Pound,  Chicago,  lU 

CaUahan  Conatmction  Co.,  Omaha,  Nebr. 

$0.20 
.15 

$4,400.00 
3,300.00 

$3.25 
8.06 

$1,179.75 
1,324.96 

$24.20 
21.60 

$1,210.00 
1,076.00 

1^ 

1 

Kame  and  addreaa  of  bidder. 

Pine  plank  (15,000 
feetB.M.). 

Oak  plank  (13,000 
feetB.M.). 

Spikea,  bolta.  and 

naiia  (5,500 

pounda). 

Price. 

Amoant 

Price. 

Amount. 

Price. 

Amount 

1 

U 

Omeu  &  Pound,  Chicago,  Hi 

Cauabaa  Conatmction  Co.,  Omaha,  Kebr . 

$21.60 
21.00 

$822.60 
816.00 

$46.00 
38.00 

$585.00 
494.00 

$0.08 
.08 

• 

$166.00. 
110.00 

i 

Kame  and  addreaa  of  bidder. 

Concrete. 

a 

Natural  cement 
(926  cabic  yarda). 

Portland  cement 

with  pebblea 
(60  eabic  yarda). 

Portland  cement 

with  broken 

atone  (50  cubic 

ywda). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amoont. 

1 

13 

Com  &  Pound,  Chicago,  HI 

CaUahan  Conatmction  Co  ,  Omaha,  Nebr. 

$3.26 
8.40 

$3,006.25 
8,146.00 

$0.00 
6.00 

$300.00 
250.00 

$8.00 
6.50 

$400.00 
275.00 

i 

Kame  and  addreaa  of  bidder.. 

Gravel  (300 
eabic  yarda). 

8-inch  drain 
pi|>e  (210  lin- 
ear feet). 

10-inch  drain 
pipe  (500  lin- 
ear feet). 

a 

a 

Price. 

^ 

Price. 

1 

1 

Price. 

4i 
E 

TotaL 

1 

ConQ  md  Ponnd.  Cbioaco.  Ill 

$0.70  \ 
.70 

^10.00 
210.00 

$0.20 

.125 

$42.00 
20.25 

$0.25 
.15 

$140.00 
84.00 

$11,660.50 
10, 834. 20 

tt 

CdJahaB    (Conatmction    Co.,  Omaha, 
Kebr 

..^ 

__j 

1 
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Ahsirad  of  proposals  for  constructing  8  miles  or  less  eastern  section  Illinois  and  Miss^ 

sippi  Canal,  etc, — Continued. 

FOUNDATION  FOB  LOCK  NO.  20. 


i! 

Name  and  addreas  of  bidder. 

Earth  excavation 

(10,600  oubic 

yards). 

Piles  (363). 

Pine  timber 
(50,000  feet  B.  li). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount. 

1 

Pniriui  A.  Ponnd  Chicairo.  HI 

$0.30 
0.15 

$3,180.00 
1,590.00 

$4.00 
3.65 

$1,452.00 
1,324.95 

$24.20 
21.50 

$1, 210. 00 

13 

CaUaban  Construction  Co.,  Omaha,  Nebr. 

1.075.00 

=•3 

It 

Name  and  addreas  of  bidder. 

Pine  plank 
(15,000  feet  B.M.). 

Oak  plank 
(13,00OfeetB.M.). 

Spikes,  bolts, 

and  nails 
(5,500  pounds). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amouni. 

1 

Coiran  ft  Pound.  CbinAiro,  HI , 

$21.50 
21.00 

$322.50 
315.00 

$45.00 
38.00 

$585.00 
494.00 

$.03 
.02 

$165.00 

13 

110.00 

t 

Name  and  address  of  bidder. 

Concrete. 

Number  of  ] 
posal. 

Natural  cement 
(925  oubic  yards). 

Portland  cement 

with  pebbles 
(50  cubic  yards). 

Portland  cement 

with  broken  stone 

(50  cubic  yifrds). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount. 

1 

Cosan  Sc  Pound.  Chicairo.  Ill 

$3.50 
3.40 

$3,237.50 
8,145.00 

$6.50 
5.00 

$325.00 
250.00 

$8.50 
5.50 

$425.00 

13 

CaUaban  Constraction  Co.,  Omaha,  Nebr. 

275.00 

Number  of  pro- 
posal. 

Name  and  address  of  bidder. 

« 

Gravel  (300 
cubio  yards). 

8-inch  drain- 
pipe (210 
linear  feet). 

lOincb  drain- 
pipe (560 
linear  feet). 

• 

s 

£ 

a 

1 

« 

1 

o 

a 

* 

s 

p4 

• 

1 

o 

a 

TotaL 

1 

Goean  &.  Pound,  Chicairo,  HI 

$1.00 
0.70 

$300.00 
210.00 

$0.20 
0.125 

$42.00 
26.25 

$0.25 
0.15 

$140.00 
84.00 

$10,959.00 
8,624.20 

13 

CaUaban  Construction  Co., Omaha, Nebr. 

FOUNDATION  FOR  LOCK  NO.  21. 


"•3 

Name  and  address  of  bidder. 

Earth  excavation 

(12.200  cubic 

yards). 

PUes  (363). 

Pine  timber 
(50,000  feet  B.M.). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount 

1 

Cosui  Sl  Pound,  Chicaeo.  Ill 

$0.20 
.15 

$2,440.00 
1,830.00 

$3.25 
3.65 

$1,179.75 
1,324.95 

$24.20 
21.50 

$1,210.00 
1,075.00 

13 

CaOahan  Construction  Co.,  Omaha,  Nebr. 

It 

§8 

525  f*- 

Name  and  address  of  bidder. 

Pine  plank  (15,000 
feet  B.  M.). 

Oak  plank  (13,000 
feet  B.M.). 

Spitoes.  bolts,  and 

nails  (5.500 

pounds). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount. 

1 

Coflran  Sc  Pound.  Chicairo.  Dl 

$21.50 
21.00 

$322.50 
815.00 

$45.00 
38.00 

$585.00 
404.00 

$0.03 
.02 

$166.00 
110.00 

13 

CaUaban  Construction  Co.,  Omaha,  Nebr. 
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Aktract  ofproposaU  for  conttrueting  8  miles  or  less  eastern  sectiom  Illinois  and  Missis- 
sippi Canal  feio.— Continued. 

FOUNDATION  FOR  LOCK  No.  21-Contiiiiied. 


1 

Concrete. 

c 

Name  and  address  of  bidder. 

Nataral  cement 
(925  cubic  yards). 

Portland  cement 

with  pebbles  (50 

cubic  yards). 

Portland  cement 
with  broken  stone 
(50  cubic  yards). 

3* 
9S 

Price. 

Amoant 

Price. 

Amount. 

Price.    Amount. 

1 

1 

Copn&Poand,  Chicago,  HI 

CaTuhaDCoiistraction  Co.,  Omaha,  Nebr. 

$3.50 
3.40 

$3,237.50 
3, 145. 00 

$6.60 
5.00 

$325.00 
250.00 

$8.60 
6.50 

$425.00 
275.00 

25* 

Name  and  address  of  bidder. 

Gravel  (300 
cubic  yards). 

8-inch  drain- 
pipe (210  linear 
feet). 

lO-inch  drain- 
pipe (560  linear 
feet). 

Total. 

1 
13 

1 

Price. 

Am*t. 

Price. 

Am't. 

Price. 

Am*t. 

Cjonji  frVmrnA.  nilctttrn.  Til 

$1.00 
.70 

$300.00 
210.00 

$0.20 
.125 

$42.00 
26.25 

$0.25  $140.00 
.15      84.00 

$9. 946. 76 

CaUahan  Construction  C<NOmaha,Nebr. 

• 

8.864.20 

FOUNDATIONS  FOB  THREE  LOCKS. 


Name  and  address  of  bidder. 

Earth  excavation 

(44,800  cubic 

yards). 

PUes  (1,089). 

Pine  timber 
(150.000  feet  B.M.). 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount. 

1 

f^AflmA:  Pound. OhlOraffO. Til _.. 

$0,175 
.15 
.18 
.34 

.17 
.16 
.15 
.16 

$7, 840. 00 
6,720.00 
8, 064. 00 

15. 232. 00 

7,616.00 
7, 168. 00 
6. 720. 00 
7,168.00 

$3.25 
3.35 
3.40 
4.00 

8.00 
3.25 
8.65 
3.50 

$3,539.25 
3. 648. 15 
8,702.60 
4,356.00 

8, 267. 00 
8, 539. 25 
3, 974. 85 
8,811.50 

$22.20 
23.00 
21.00 
25.00 

22.00 
22.00 
21.50 
21.00 

$3. 330. 00 
3, 450.  UO 
8,150.00 
3,760.00 

8, 300. 00 
8,300.00 
8, 22.5. 00 
3.150.00 

s 

4 
6 
8 

12 
13 
M 

IVmi  Mr  Tolman.  A nrom.  Ill t «... 

Bantni  Sl  Peace.  Maraeillex.  Ill 

1  ¥c Arthur  Brothers  Co..  Chicago.  Ill  — 
1  (Siicafo  Star  Construction  and  Dredg- 
1     ing Uo., Illinois 

1  H.ABoedker&Co.,ChiGaeo.IIl 

(^lshanO>nstmction  Co.,  Omaha,  Nebr. 
,  Lydflo  &  Drews  Co.,  Chica^^o,  Dl 

V 

21 

Name  and  address  of  bidder. 

Pine  plank  (45, 000 
feetB.M.). 

Oak  plank  (39,000 
feet  B.  M.). 

Spikes,  bolts,  and 

nails  (16,500 

pounds). 

s^ 

*■'-, 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount. 

\ 
1 
1 
4 
$ 
8 

12 
13 
tt 

(^-of^St  Ponnd.  ChfcsffA.  Til 

$22.20 
23.00 
20.00 
25.00 

20.00 
20.00 
21.00 
21.00 

$999.00 

1,035.00 

900.00 

1, 125. 00 

900.00 
900.00 
945.00 
945.00 

$40.00 
45.00 
40.00 
48.00 

50.00 
40.00 
38.  UO 
40.00 

$1, 560. 00 
1, 755. 00 
1, 560. 00 
1,872.00 

1,950.00 
1,560.00 
1, 482. 00 
1,560.00 

$0.03 
.03 
.025 
.03 

.03 
.0225 
.02 
.025 

$495.00 
495.00 
412  no 

Doaa  4t  Tolman.  Aurora,  111 

Birron  &  Peace  MarseiUes.  HI 

MeArthnr  Brothers  Co.,  Chicago.  Ill 

CMcaco  Star  Construction  antt  Dredg- 
mg  Co.,  Illinois 

405.00 
405.00 

H.  ABoedker  &  Co.,  Chicaeo.  Ill 

Ljdon  Sl  Drews  Co.,  Chicago,  Ul 

371.25 
830.00 
412.50 

m 

Nsme  and  address  of  bidder. 

Concrete. 

Natnral  cement 

(2.775  cubic 

yards). 

Portland  cement 

with  pebbles  (150 

cubic  yards). 

Portland  cement 
with  broken  stone 
(150  cubic  yards). 

m 

Price. 

Amount. 

Price. 

Amount. 

Price. 

Amount. 

1 
i 

4 
1 

i' 

12' 
13 

M 

Cofmn  Ar  pAnild.  f^hlCflfl^O.  Ill  -  r . 

$3.00 
2.95 
3.25 
3.25 

8.00 
2.80 
3.40 
3.00 

$8,325.00 
8, 186. 25 
9,018.75 
9, 018. 75 

8. 325. 00 
7, 770. 00 
9,435.00 
8,325.00 

$5.00 
5.00 
5.00 
7.00 

6.00 
5.00 
6.00 
5.00 

$750.00 

750.00 

750.00 

1,050.00 

750.00 
750.00 
750.00 
750.00 

$8.00 
8.00 
6.00 
8.50 

7.00 
6.75 
5.50 
6.00 

$1, 200. 00 

1. 200. 00 

000  00 

Doaii  ^  TolmAn  Anror^  Dl .......... 

Ksrron  &.  Peace. MAmeilles.  Ill 

Mc Arthur  Brothers  Co.,  Chicago.  HI 

CUcan>  Star  Construction  and  Dredg- 
ing Go.,  Illinois  

1,275.00 
1, 050. 00 

H.  A.  Boedker  &  Co.,  Chicago,  111 

Callahan  Construction  Co.,  Omaha,  Nebr. 
Lrdon  Sl  I^wa  Co..  Chicaizo.  Ill 

1,012.60 
825.00 
900.00 
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Abairaoi  of  proposals  far  constructing  8  miles  or  less  eastern  section  Illinois  and  Missis- 
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FOUNDAXCONS  FOB  THREE  LOCKS— ConUnned. 


1 


1 

8 

4 
0 
8 

13 
13 

16 


Kune  and  addrees  of  bidder. 


Cogan  it  Pound,  Chlcaj^,  HI 

Doan  d&  Tolman.  Aurora,  ni 

Barron  it  Peace,  Maraeillee,  HI 

McArthur  Brothers  Co.,  Chica^,  HI  . . 
Chicasp  Star  Construction  and  I>redg* 

ineTk).,  Hlinois 

H.  A.  Boedker  Sc  Co.,  Chicago,  111 

Callahan   Construction   Co.,  Omaha, 

Nebr 

Lydon  St  Drews  Co.,  Chicago,  111 


Grayel  (000 
cubic  yards). 


Price. 


$0.75 
.05 
.60 
.60 

1.00 
.50 

.70 
LOO 


Ajn*t. 


$675.00 
585.00 
540.00 
540.00 

900.00 
450.00 

630.00 
900.00 


8-inch  drain 
pipe(6301in 
feet). 


Price. 


40.10 
.12 
.13 
.15 

.15 
.16 

.125 
.16 


Am't. 


163.00 
75.60 
81.90 
94.50 

94.50 
94.50 

78.75 
100.80 


lO-inch  drain 
pipe  (1,680  lin- 
ear feet). 


Price. 


$0.15 
.15 
.18 
.20 

.25 
.20 

.15 
.20 


Am't. 


$252.00 
252.00 
302.40 
836.00 

420.00 
836.00 

352.00 
336.00 


Total. 


$27,828.25 
26,952.00 
28.482.15 
87,869.25 

28,017.60 
26,239.00 

27,822.60 
27.458.80 


0KB  CONCRETE  ARCH  CULVERT. 


Number  of 
proposal. 

Name  and  address  of  bidder. 

Earthwork  (7,500 
cubic  yards). 

Piles  (180). 

Pinetimber(15.000 
feetB.M.). 

Price. 

Amount. 

Price 
each. 

Amount. 

Price 
perM. 

Amount. 

1 

Cltwmn  Mr.  PnnTiil .  ChioSITO-  Til ._ 

$0.75 

$5,625.00 

$6.00 

$780.00 

$30.00 

$45aoo 

Number  of 
proposal. 

Name  and  address  of  bidder. 

Pine  plank  (5,300 
feet  B.  M.). 

Oak  plank  (1,400 
feet  B.  M.). 

Driflbolts,  etc. 
(1,700  pounds). 

Price 
perM. 

Amount. 

Price 
perM. 

Amount. 

Price 
pound. 

Amount 

1 

CWuFKn  /tr.  Pound  rnileairo.  HI ............ 

$30.00 

$160.00 

$50.00 

$70.00 

$0.C»3 

$5L00 

• 

Name  and  address  of  bidder. 

Concrete. 

Natural  eement 
(160  cubio  yards). 

Portland  cement 

with  pebbles  (430 

cubio  yards). 

Portland  cement 

with  broken 

stone  (430  cubio 

yards). 

1 

Price 

per 

cubic 

yard. 

Amount. 

Price 

per 

oubic 

yard. 

Amount. 

Price 

per 

cubio 

yard. 

Amount. 

1 

Coffan  A  Pound.  Chiciuro.  H1....*.«....t 

$5.00 

$800.00 

$9.00 

$3,870.00 

$12.00 

$5,160.00 

i 

1 

Name  and  address  of  bidder. 

Rubble  paving 

stone  (19U  square 

yards). 

Price 

per 

square 

3'ard. 

Amount. 

TotaL 

1 

Coffan  A  Pound.  Chicago.  HI.. ...... ...................... ...... 

$2.50 

$^175. 00 

$12,280.00 

REMARKS. 

The  price  of  Portland-cement  concrete  with  broken  stone  not  included  in  total 
cost  of  lock  foundation.  Proposal  No.  15  does  not  include  cost  of  slope  paving  miles 
19, 20,  and  21. 

Proposals  Nos.  1, 2, 5,  and  11.    No  witness  to  signature. 

Proposal  No.  7.    No  witness  to  signature.    Date  of  beginning  work  not  stated. 

Proposal  No.  13.  No  witness  to  signature.  No  corporate  seal.  Date  of  beginning 
work  not  stated. 

Proposal  No.  14.    No  witness  to  signature.    Date  of  beginning  work  not  stated. 
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BKPOBT  OF  MR.  JA8.  G.  LOKG,  ASSISTAIIT  EKGINBER. 

TiSKiLWA,  III.,  July  1, 1898, 

Major:  I  have  the  honor  to  sabmit  the  following  report  of  operations  on  thi 
work  under  my  sapervision  comprising  the  eastern  section  of  the  Illinois  and  Mis 
sissippi  Canal,  extending  f^m  mile  1,  on  the  west  bank  of  the  Illinois  Riyer  V, 
miles  east  of  Bureau  Junction,  Illinois,  to  mile  27.8,  at  the  feeder  junction,  for  th< 
fiscal  year  ending  June  30,  1898. 

CONDITION  OF  THE  WORK  AT  BEGINNING  OF  FISCAL  YEAR. 

The  line  of  canal  has  been  definitely  located  from  mile  1,  at  the  Illinois  River,  t< 
mile  27.8,  at  the  feeder  junction.  The  right  of  way  on  the  first  24  miles  condemned 
16  miles  paid  for,  and  inclosed  with  a  barbed- wire  fence. 

Earthwork  on  canal  trunk  for  first  8  miles,  except  entrances  to  locks  anc 
approaches  to  bridges,  and  all  masonry  on  the  first  8  miles,  excepting  bridges,  com 
pleted.  Storage  yards  established  at  Bureau  Junction,  Locks  3  and  6,  and  connected 
with  the  Chicago,  Rock  Island  and  Pacific  Railway  by  standard-gauffe  side  track 
A  narrow-gauge  railway  track  built  along  canal  embankment  from  Lock  1,  on  mile  1 
to  Lock  7,  on  mile  8,  and  connected  by  1^  miles  of  additional  narrow-^ange  track 
with  all  the  storage  yards,  gravel  pit,  and  lock  sites.  A  house  to  shelter  locomotives 
a  blacksmith  shop,  an  oil  house,  a  warehouse  at  Lock  2,  three  in  the  storage  yard  ai 
Lock  3,  and  another  in  the  storage  yard  at  Lock  6,  built.  Land  acquired  adjacem 
to  the  right  of  way  near  Lock  4  and  the  gravel  pit  opened  on  same  for  the  purpoB< 
of  furnishing  gravel  for  the  construction  of  concrete  masonry. 

CONTRACT  WORK. 

The  following  abstract  shows  the  contracts  in  force  during  the  fiscal  year: 

AJ^tracU  of  oontraoU  for  oonBtru^Hng  eastern  sodUm  of  Illinois  and  MUsistippi  Canal 

in  force  during  thefieoal  year  ending  June  SO,  1898, 


Name  and  address  of  contractors. 


KatB,  Crandall  &  Callahan,  Omaha, 
Nebr. 


Cojcan  &  Pound,  Chicago,  lU 


Mb  Arthur  Bros.,  Chicago,  111 . 


John  J.  MoCaughey,  Sammit,  III . . 
Qlobe  Construction    Co.,  Cincin- 

natU  Ohio. 
R.  C.  Cnshing  &,  Co^  Chicago,  HI. . . 
H.  A.  Boedker  &  Co..  Chicago,  HI . . 
Toledo  Bridge  Co.,  Toledo,  CFhio — 


Nature  of  contract. 


Earthwork,  miles  9  to  16  tnoluaiye . . 


Pits  and  foundations  for  11  locka 
and  2  aqueducta. 


2  concrete  arch  and  6  cast-iron  pipe 
culverts. 

Earthwork,  miles  17  and  18 

Earthwork,  miles  19  to  23 

Earthwork,  mile  24 

Pits  and  foundations,  Looks  19  to  21. 
5  steel  highway  bridges,  Nos.  1, 2, 8, 
4,  and  10. 


Date. 


June  19, 1887 


June  19, 1887 


June  19, 1897 

Oct.  0,1897 
Oct.     8,1887 

Oct.  0,1897 
Oct.  0, 1897 
Jan.  24,1898 


To  expire. 


July  1.1898 
e  X  t  e  ndei 
to  Oct  1 
1898. 

July  1, 1898 
extender 
to  Oct.  ] 
1898. 

July  1, 1898. 

Sept.  80, 1891 
Sept..30, 188S 

Sept.  30, 1891 
Sept.30, 18M 
June30,188C 


CONTRACT  WORK  DONE  DURING  FISCAL  YBAR« 

Canal  trunk,  mUee  9  to  16,  Katz,  Crandall  4"  Callahan,  contraoton. 

Mile  9  (completed) : 

134,270  cubic  yards  earthwork,  at  8i  cents $11, 077. 27 

5,435  cnbic  yards  hard  excavation,  at  60  cents 3, 261. 00 

Total  work  on  mile $14,838.2^ 

Mile  10  (completed) : 

122,761  cubic  yards  earthwork,  at  8i  cents 10, 127. 78 

425  cubic  yards  hard  excavation,  at  60  cents 255. 00 

3^096  square  yards  slope  paving,  $1.25 3,870.00 

Total  work  on  mile 14,252.71 

Mile  11  (completed) : 

151,712  cubic  yards  earthwork,  at  8^  cents 12, 516. 25 

5,445  square  yards  slope  paving,  $1.25 6,806.25 

Total  work  on  mile 19,822.5C 
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MUa  12  (completed) : 

109,428  cubic  yards  earthwork,  at  8}  cents $9, 027.81 

Total  work  on  mile $9,027.81 

MUe  13  (completed) : 

135,682  cable  yards  earthwork,  at  8^  cents 11, 193. 77 

6,602  cubic  yards  hard  excavation,  at  60  cents 3, 961. 20 

Total  work  on  mile 15,154.97 

Mile  14  (completed) : 

107,342  cubic  yards  earthwork,  at  8i  cents 8,855.71 

545  cubic  yaros  hard  excavation,  at  60  cents 327. 00 

Total  work  on  mile 9,182.71 

l£ile  15  (98  per  cent  completed) : 

221,300  cubic  yards  earthwork,  at  8i  cents 18,267.25 

57, 700  cubic  yards  hard  excavation,  at  60  cents 34, 620. 00 

Total  work  on  mile  to  date 52,877.25 

Mile  16  (90  per  cent  completed) : 

231,960  cubic  yards  earthwork,  at  8^  cents 19, 146. 70 

40|015  cubic  yards  hard  excavation,  at  60  cents 24, 009. 00 

Total  work  on  mile  to  date 43, 145. 70 

Total  amount  of  work  done  by  above  contractors 177, 301. 99 

Canal  trunk,  miU$  17  and  18,  -John  J.  MoCaughey,  contraeior. 

Mils  17  (4  per  cent  completed) : 

5,950  cubic  yards  earthwork,  at  6.98  cents $415. 31 

Total  work  on  mile  to  date $415.31 

Mile  18  (66  per  cent  oompleted) : 

63, 460  cubic  yards  earthwork,  at  7.73  cents 4,905.46 

Total  work  on  mile  to  date.... 4,905.46 

Total  amount  of  work  done  by  above  contractor 5, 320. 77 

Canal  trunk,  miles  19  to  SS,  Globe  ConetrucUon  Company,  oontraotor§. 

Mile  19  (43  per  cent  completed) : 

66, 279  cubic  yards  of  earthwork,  at  9.7  cents $6, 429. 06 

V&,  281  cubic  yards  hard  excavation,  at  60  cents 10, 968. 60 

Total  amount  of  work  on  mile  to  date $17,397.66 

Total  amount  of  work  done  by  above  contractors 17, 397. 66 

Ke  work  has  been  done  on  canal  trunk,  miles  20  to  24,  inclusive. 

PiU  and  foundaiione  for  11  locks  and  g  aqueducts,  Cogan  4"  Pound,  oontraetors. 

Lock  pit  and  foundation  No.  8  (completed) : 

6,425  cubic  yards  excavation,  at  15  cents $963.75 

963  piles,  at  $3.25 1,179.76 

49, 688  feet  B.M.  pine  timber,  at$22.20 1,003.07 

13, 864  feet  B.M.  pine  plank,  at$22.20 307.78 

12, 771  feet  B. M.  oak  plank,  at  $29.40 375.47 

5, 714  pounds  spikes  and  driffc  bolts,  at  2  cents 114. 28 

^  cuDic  yards  nataral  cement  concrete,  at  $3.10 2, 852. 00 

47  cubic  yards  Portland  cement  concrete,  at  $9.60 310. 20 

183 cubic  yards  ^vel,  at  OOcents 109.80 

274  linear  feet  8-inch  drainpipe,  at  10  cents 27. 40 

214  linear  feet  10-inch  drainpipe,  at  15  cents 82. 10 

Total  cost  of  foundation ^. $7,275.60 

U>ek  pit  and  foundation  No.  9  (completed) : 

1,523  cubic  yards  excavation,  at  15  cents 228.45 

363  pUes,  at  $3.26 .^ 1,179.75 

49,6« feet  B. M.  pine  timbe^  at  $22,20 1,002.63 
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Look  pit  and  foundation  No.  9  (oompleted) — Continaed. 

1^96  feet  B.  M.  pine  plank,  at  $22.20 $284.07 

12, 771  feet  B.  M.  oak  plank,  at  $29.40 875. 47 

4,977 poondB  spikes, bolts, eto.y  at  2  cents 99.54 

91^  onbic  yards  natural  cement  oonorete,  at  $3. 10 2, 848. 90 

47  cubic  yards  Portland  cement  concrete,  at  $6.60 310. 20 

178  cubic  yards  ^avel,  at  60  cents 106.80 

210  linear  feet  8-mch  drainpipe,  at  10  cents 21. 00 

308  linear  feet  10-inch  drainpipe,  at  15  cents 46.20 

Total  cost  of  foundation $6^608.0 

Lock  pit  and  foundation  No.  10  (completed) : 

343  cubic  yards  excavation,  at  15  cents 501.45 

363  piles,  at  $3. 25 1,179.75 

49,668  feet  B.  M.  pine  timber,  at  $22.20 1,002.63 

13,864  feet  B.  M.  pine  plank,  at  $22. 20 307.78 

12,771  feet  B. M. oak  plank,  at  $29.40 875.47 

5,714  pounds  spikes,  bolts, etc., at  2  cents 114.28 

920  cubic  yards  natural  cement  concrete,  at  $3. 10 2, 852. 00 

47  cubic  yards  Portland  cement  concrete,  at  $6.60 310. 20 

183  cubic  yards  ^avel,  at  60  cents 109.80 

274  linear  feet  8-inch  drainpipe,  at  10  cents 27. 40 

214  linear  feet  10-inch  drainpipe,  at  15  cents 32. 10 

Total  cost  of  foundation 6,812.8( 

Lock  pit  and  foundation  No.  11  (completed) : 

11,372  cubic  yards  excavation,  at  15  cents 1, 706. 80 

863  pUes,  at  $3.25 179.75 

49,668  feet  B. M. pine  timber,  at  $22.20 1,002.63 

13.864  feet  B.  M.  pine  plank,  at  $22.20 307.78 

12,771  feet  B.  M.  oak  plank,  at  $29.40 375.47 

5,714  pounds  spikes,  bolts,  etc.,  at  2  cents 114. 28 

928  cubic  yards  natural  cement  concrete,  at  $3. 10 2, 876. 80 

47  cubic  yards  Portland  cement  concrete,  at  $6.60 310. 20 

274  linear  feet  8-inch  drainpipe,  at  10  cents 27. 40 

114  feet  10-inch  drainpipe,  at  15  cents 32. 10 

183  cubic  yards  gravel,  at  60  cents '109.80 

Total  cost  of  foundation 8,042.0 

Lock  pit  and  foundation  No.  12  (completed) : 

5,154  cubic  yards  excavation,  at  15  cents 773. 10 

445  pUes, at  $3.25 1,446.25 

66,000  feet  B.M.  pine  timber,  at  $22.20 1,243.20 

15,000  feet  B.  M.  pine  plank,  at  $22.20 1,333.00 

12,870  feet  B.  M.  oak  plank,  at  $29.40 878.38 

5,500  pounds  spikes,  bolts,  etc.,  at  2  cents 110. 00 

1,020  cubic  yards  natural  cement  concrete,  at  $3,10 3, 162. 00 

4L5  cubic  yards  Portland  cement  concrete,  at  $6.60 273. 90 

Total  cost  of  foundation 7,719.8 

Lock  pit  and  foundation  No.  13  (oompleted) : 

2,775  cubic  yards  excavation,  at  15  cents 416. 25 

363  piles,  at  $3.25 1,179.75 

49,647  feet  B.  M.  pine  timber,  at  $22.20 1,102.16 

14,040  feet  B.  M.  pine  plank,  at  $22.20 311.69 

12.229  feet  B.  M.  oak  plank,  at  $29.40 359.53 

5,325  pounds  spikes  and  bolts,  at  2  cents 106.50 

904  cubic  yards  natural  cement,  at  $3.10 2,802.40 

41.5  cubic  vards  Portland  cement,  at  $6.60 273. 90 

190  linear  feet  8-inch  drainpipe,  at  10  cents 19. 00 

350  linear  feet  10-inch  drainpipe,  at  15  cents 52. 50 

60  cubic  yards  gravel,  atOOcents 36.00 

Total  oost  of  foundation 6,669.C 

Look  pit  and  foundation  No.  14  (completed) : 

6,420  cubic  yards  excavation,  at  15  cents 963.00 

138  cubic  yards  hard  excavation,  at  60  cents 82. 80 

863  piles,  at  $3.25 1,179.75 

49,647  feet  B.M.piiie  timber,  at  $22.20 1, 102. 16 

18,500  feet  B.M.  pine  plank,  at  $22.20 299.70 
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Lock  pit  aod  fonndation  No.  14  (completed)—- ContiniMd. 

al47 feet  B.1I. oak  plank,  St  $29l40 $865.94 

SSpoonde  spikes  snd  bolts,  si  2  cents 106.  GO 

904  eabie  yerds  nstonJ  cement  concrete,  st  $3.10 %  802. 40 

ilJS  mbie  Ysrds' Portland  cement  eoncrete^  st  $6.60 373.90 

190  linear  feet  8-inch  drainpipe,  St  10  centi 19.00 

260 linear  feet  ia>inch  drainpipe,  st  15  cents S9.00 

110  cubic  yards  grard,  at  60  cents  .•••....•.• 66.00 

Total  cost  of  foundation.. ••••.. .•.....• $7,300.15 

Lock  pit  asd  fonndation  No.  15  (incomplete) : 

4,681  eabie  yards  excsTStion,  st  15  eents 747. 15 

68  cubic  ysrds  hard  excsTstion,  st  60  eents 40. 80 

963  piles,  st  $3.25 1,179.75 

49^  feet  B.  M.  pine  timber,  st  $22.20 1,099.77 

»0  feet  B.M.  pine  plsnk,st  $22.20 17.76 

4^  pounds  spikes  snd  bolts,  st  2  cents 90.00 

750  coble  ysrds  nstorsl  cement  concrete,  st  ^.10 2, 325. 00 

4L5  cubic  yards  Portlsnd  cement  concrete,  st  $6.60 273. 90 

Total  coat  of  fonndstion  to  dste -5^774.  IS 

Lock  pit  and  foundation  No.  16  (incomplete) : 

1,577  eabie  yards  ezesYstion,  st  15  cents 236.55 

963  pflee,  at  $3.25 1,179.75 

13^000  feet  B.M.  pine  timber,  st  $22.20 288.60 

13,500 feet  B.M.osk  plank,  st  29.40 367.50 

Moo  pounds  spikes  snd  bolts,  st  2  cents 30.00 

Total  eost  cft  foundation  to  date 2, 102. 40 

Uek  pit  and  foundation  No.  17  (incomplete) : 

7,628  eabie  ysids  ezesYStion,  at  15  cents 1, 129. 20 

347  cubic  yards  hsrd  excsTStion,  st  60  cente 208. 20 

Total  ooet  of  foundation  to  date 1, 337. 40 

Uekpitand  foundation  No.  18  (incomplete): 

7^  cubic  yards  excaTStion,  st  15  cents 1,125.00 

9^150  cubic  yards  hard  excavation,  at  60  cents 4,890.00 

Total  cost  of  foundation  to  date 6,015.00 

fmmdation  of  Aqueduct  No.  2  (incomplete) : 

2,631  cubic  yards  excavation,  at  15  cents 394. 66 

992  piles,  at  $3.25 1,274.00 

22,000  feet  B.M.plne  timber,  at  $22.20 488.40 

2,400  pounds  bolts,  spikes,  etc.,  at  2  cents 48.00 

185  cubic  yards  Portlsnd  cement  concrete,  at  $6.60 1, 221. 00 

Total  cost  of  foundstion 3, 426. 05 

Total  cost  of  work  done  by  above  contractors 69, 068. 12 

LockpiiB  andfotMdaiUmifar  three  loeke,  HI  A.  Boedker  f  Co,,  eantraotare. 

Uekpit  and  foundstion  No.  19  (complete) : 

26,754  cubic  vsrds  excsvation,  at  16  cents $4,280.00 

37  cubic  yards  hard  excsvation,  st  60  cents 22. 90 

963  piles,  st  $3.25 1,179.75 

49,663  feet  B.  M.  pine  timber,  at  $22 1,092.58 

13,888  feet  B.  M.pine  plank,  at  $20 277. 76 

12,816  feet  B.  M.  oak  plank,  at  $40 512.64 

5^640  pounds  spikes  and  bolts,  at  2^  cents 126.90 

896  cubic  yards  nstural  cement  concrete,  at  ^.80 2, 506. 00 

47  cubic  yards  Portland  cement  concrete,  at  $5 235. 00 

104  cubic  yards  ^raveL  at  50  cents 52. 00 

195  linear  feet  8-inch  orainpipe,  at  15  cents 29.25 

254  linear  feet  10-inch  drainpipe,  at  20  cents 50.80 

Total  cost  of  foundation $10, 364. 88 

U)ek  pit  and  foundation  No.  20  (incomplete) : 

11,635  oubic  yards  excavation,  st  16  cents 1,860.00 

110 piles,  st  $8.26 1,667.60 
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Look  pit  and  foundation  No.  20  (inoomplete) — Continued. 

12,500  «Det  B.  M.  pine  timber,  at  $22 $275.00 

2,772  feet  B.  M.  oak  plank,  at  $40 110.88 

1,400  pounds  spikes  and  bolts,  at2i  oents 31.60 

Total  cost  of  foundation $3,934.88 

Look  pit  and  foundation  No.  21  (completed) : 

12,784  cubic  yards  excavation,  at  16  cents 2, 045. 44 

611  piles,  at  $8.25 1,660.00 

68,680  feet  B.  M.  pine  timber,  at  $22 1, 290. 96 

13,888  feet  B.  M.  pine  plank,  at  $20 277.76 

12,816  feet  B.  M.  oak  plank,  at  $40 512.64 

7,519  pounds  spikes  and  bolts,  at  2i  cents 169. 17 

913  cubic  yards  natural  cement  concrete,  at  $2.80 2, 656. 40 

45  cdbic  yards  Portland  cement  concrete,  at  $5 225. 00 

104  cubic  yards  ^avel,  at  50  cents 62.00 

200  linear  feet  8-inch  drainpipe,  at  15  cents 30. 00 

254  linear  feet  10-inch  drainpipe,  at  20  cents 50. 80 

Total  cost  of  foundation 8,870.17 

Total  cost  of  work  done  by  above  contractors 23, 169. 


2\oo  eonorete  aroh  and  6  coBt  iron  pipe  oulverU,  Mo  Arthur  Brothen,  oantraoterB  (aU  com- 
pleted), 

12-foot  concrete  arch  culvert  No.  6: 

4.373  cubic  yards  excavation,  at  34  cents $1, 486. 82 

180  piles,  at  $3.90 507,00 

14,736  feet  B.  M.  pine  timber,  at  $25 368.40 

6,184  feet  B.  M.  pme  plank,  at  $23 119.23 

1,496  feet  B.  M.  oak  plank,  at  $50 74.80 

1,500  pounds  spikes,  Dolts,  etc.,  at  2^  cents 37. 50 

160  cubic  yardjB  natural  cement  concrete,  at  $3 480. 00 

619.87  cubic  yards  Portland  cement  concrete,  at  $6.85 3, 661. 11 

80  square  yards  stone  paving,  at  $1.50 120.00 

Total  cost  of  culvert $6,754.86 

10-foot  double  concrete  aroh  culvert  No.  7: 

4,916  cubic  yards  excavation,  at  34  cents 1, 67L  44 

518  cubic  yards  hard  excavation,  at  60  cents 310.80 

219  piles,  at  $3.90 854.10 

22.640  feet  B.M.  pine  timber,  at  $25 666.00 

8,640  feet  B.  M.  pine  plank,  at  $23 196.73 

992  feet  B.M.  oak  plank,  at  $60 49.60 

2,862  pounds  spikes,  bolts,  etc. ,  at  2^  cents 71. 55 

278  cubic  yards  natural  cement  concrete,  at  $3 834. 00 

498  cubic  yards  Portland  cement  concrete,  at  $6.85 3, 411. 30 

266  square  yards  stone  paving,  at  $1.50 384.00 

Total  cost  of  culvert 8,351.61 

Double  48-inch  cast  iron  pipe  culvert  No.  6: 

926  cubic  yards  excavation,  at  34  cents 314.84 

121.6  cubic  yards  natural  cement  concrete,  at  $3 364. 60 

132  square  yards  stone  paving,  at  $1.50 198.00 

51  cubic  yards  rubble  masonry,  at  $6 306.00 

288  linear  feet  cast-iron  pipe,  at$6.20 1,785.60 

Total  cost  of  culvert 2,968.91 

Pipe  culvert  No.  6  dispensed  with. 
48-inch  cast  iron  pipe  culvert  No.  7: 

1,203  cubic  yards  excavation,  at  34  cents 409. 02 

51  cubic  yards  hard  excavation,  at  60  cents 30. 60 

64  cubic  yards  natural  cement  concrete,  at  $3 192. 00 

166  square  yards  stone  paving,  at  $1.50 234.00 

88  cubic  yards  rubble  masonry,  at  $6 228.00 

144  linear  feet  48-inch  cast-iron  pipe,  at  $6.20 892. 80 

Total  cost  of  culvert 1,966. 4S 
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Forty-eigbt  inch  cast-iron  pipe  oalvert  No.  8 : 

1,^1  cubic  yards  excayation,  at  34  cents $483. 14 

27  cubic  yards  hard  excavation,  at  60  cents 16. 20 

79  cubic  yards  natural  cement  concrete,  at  $3 237. 00 

147  square  yards  stone  paving,  at  $1.50 220.50 

28  cubic  yards  rubble  masonry,  at  $6 168.00 

192  linear  feet  48-inch  oast-iron  pipe,  at  $6.20 1, 190.40 

Total  cost  of  culvert $2,315.24 

Thirty-six  inch  cast-iron  pipe  culvert  No.  9 : 

807  cubic  yards  excavation,  at  34  cents 274.38 

50  cubic  yards  natural  cement  concrete,  at  $3 150. 00 

124  square  yards  stone  paving,  at  $1.50 186.00 

17  cubic  yards  rubble  masonry,  at  $6 102.00 

144  linear  feet  36-inch  cast-iron  pipe,  at  $4.20 604.80 

Total  cost  of  culvert 1,317.18 

Forfy-eight  inch  cast-iron  pipe  culvert  No.  10  : 

839  cubic  yards  excavation,  at  34  cents 285.26 

68  cubic  yards  natural  cement  concrete,  at  $3 174. 00 

102  souare  yards  stone  paving,  at  $1.50 153.00 

29  cubic  yards  rubble  masonry,  at  $6 174.00 

144  linear  feet  48-inch  cast-iron  pipe,  at  $6.20 892. 80 

Total  cost  of  culvert 1,679.06 

Forty-eight  inch  cast-iron  pipe  culvert  No.  11 : 

946  cubic  yards  excavation,  at  34  cents .- 321.64 

43.7  cubic  yards  natural  cement  concrete,  at  $3 131. 10 

105  square  yards  stone  paving,  at  $1.50 157.50 

21  cubic  yards  rubble  masonry,  at  $6 126.00 

144  linear  feet  48-inoh  cast-iron  pipe,  at  $6.20 604. 80 

Total  cost  of  culvert 1,341.04 

Total  cost  of  work  done  by  above  contractors 26. 714. 25 

SttpentnuAmres  for  Jive  iteel  highway  bridge;    Toledo  Bridge  Co.,  oontraotore,    {Coninioi 

partly  eompUUd,) 

Contract  price,  $1, 640  for  each  bridge. 
Bridge  No.  1  not  yet  erected. 
Bridge  No.  2  not  yet  erected. 
Bridge  No.  3,  material  on  the  ground  ;  paid  two-thirds  of  contract  price, 

leas  10  per  cent $889.00 

Bridge  No.  4,  material  on  ground  ;  paid  two-thirds  contract  price,  less  10 

percent 989.00 

Bridge  No.  10,  material  on  ground ;  paid  two-thirds  contract  price«  less  10 

percent 989.00 

Amonntpaidon  contract 2,967.00 

WOBK  PONS  BY  HIBBD  LABOR. 

CemereU  fiutwnry, — ^Thls  work  on  locks  and  highway-bridge  abutments  was  done 
bj  hired  labor.  The  concrete  for  abutments  was  mixed  by  hand,  but  that  for  locks 
vas  mixed  by  machinery.  Two  4-foot  cubical  mixers  were  used,  each  with  the 
necessary  hoisting  machinery,  being  operated  by  a  portable  engine.  One  of  these 
nuxers  waa  operated  at  a  lock  under  construction  wnile  the  other  was  being  set  up 
•t  another  lock  site,  so  as  to  save  time  and  keep  the  force  constantly  at  work. 
£xtra  forming,  about  enough  for  2^  locks,  was  also  used  for  the  same  reason,  and 
wu  set  up  in  advance  while  the  forms  at  one  lock  were  bein^  Ailed. 

As  tiie  construction  of  concrete  masonry  for  the  locks  requires  that  it  should  pro- 
M8  constantly,  three  shifts  of  labor,  working  eight  hours  each,  were  kept  at  work 
nom  the  time  the  walls  were  started  until  they  were  completed,  except  on  the  Sab- 
bstb,  when  work  was  suspended.  When  work  was  to  be  suspended  a  section  of  the 
widls,  which  are  built  in  sections  20  feet  long,  was  carried  to  completion,  and  a  new 
isetion  was  started  when  work  was  resumed. 

Working  plans  were  furnished  me  from  your  office^  together  with  a  pamphlet 
eoattiiiing  general  instructions  for  the  construction  of  concrete  masonry  of  looks, 
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ooTering  organization,  proj^ortions  and  mixing  of  concrete,  depositing  and  ramming 
concrete,  delivery  of  material,  records,  reports,  and  inspection. 

The  concrete  masonry  in  Lock  8  was  commenced  on  May  16  and  completed  on  May 
28, 1898;  in  Lock  9  it  was  began  on  Jane  1  and  finished  on  June  18, 1898;  in  Lock  10 
it  was  commenced  on  June  15  and  completed  on  Jnne  24, 1898;  in  Lock  11  it  was 
hegnn  on  Jnne  25  and  will  be  finished  on  Jnly  5,  1^8. 

STATBMBNT  OF  THE  COST  OF   LABOR  AND  MATERIAL  RBQUIRBD  TO  CONSTRUCT  TBS 

WALLS  OF  LOCKS  8,  9,  AND  10. 

LOCK  NO.  8  OF  8-FOOT  LIFT. 

Portland  cement  concrete onbio  yards..  1,614.8 

Natnral  cement  concrete do....      527.8 

Portland  cement  facing do....      127.9 

Total  amount  of  concrete  masonry do....  2,270 

Cost  of  concrete  masonry  per  onbic  yard $8.11 

Portland  cement  to  1  cubic  yard  of  concrete barrels..        1.30 

Natural  cement  to  1  onbic  yard  of  concrete do....        1.G9 

Quantity  and  eo$t  of  labor  and  material. 
Material : 

2,269  barrels  Portland  cement,  at  $2.10 $4,764.90 

890  barrels  natural  cement,  at  55  cents 489.50 

1,868  tons  crushed  stone,  at  $1.50 2,802.00 

1,606  cubic  yards  sand  and  gravel,  at  33  cents 529. 98 

1  set  hollow  quoin  castings 90.00 

4  curves  and  2  joints  24-inch  sewer  pipe 14.80 

200  linear  feet  80- inch  sewer  pipe,  at  $1.36 272. 00 

1,680  feet  B.  M.  oak  timber  in  miter  sills,  at  $27.46 46. 03 

10  kegs  spikes  and  nails,  at  $1.70 17.00 

23  bolts  in  gate  wall  and  miter  sill 12.92 

78  tons  of  coal,  at  $1.70 132.60 

1,000  gallons  coal  oil,  at  8|  cents  per  gallon 87.50 

Lumber  for  forming 735.47 

Cost  of  material $9,993.70 

Labor: 

Erecting  forming 1, 649.50 

Removing  forming 235. 00 

Erecting  ndxer 100.00 

Removing  mixer 25.25 

Handling  cement 154.95 

Handling  crushed  stone 375.86 

Handling  gravel 809.99 

Handling  sewer  pipe 89.00 

Mixing  concrete 308.24 

Bamming  concrete 848.37 

Depositing  concrete 711.53 

Mixing,  depositing,  and  ramming  facing 324. 37 

Pumping  lock  pit  and  hoisting  concrete 1,635.00 

Layingtracks 81.25 

Train  service 264.00 

Loading  and  unloading  material  at  bureau  storage  yard . . .  829. 27 

Loading  and  shipping  gravel 261.25 

Snperin tendence  at  bureau  and  gravel  pit  .• 214. 75 

Cost  of  labor 8,417.68 

Total  cost 18,411.28 

LOCK  NO.  9  OF  8-FOOT  LIFT. 

Portland  cement  concrete cubic  yards..        1,684.6 

Natural  cement  concrete • do....  526 

Portland  cement  facing do....  74 

Total  amount  of  concrete  masonry  in  lock do —       2,184.5 

Cost  of  concrete  masonry  per  cubic  yard $7.11 

Portland  cement  to  1  cubic  yard  of  concrete barrels..  1.39 

Natural  cement  to  1  cubic  yard  of  concrete .....do....  1.70 
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QuaniUif  and  oo»t  of  lobar  and  material, 

Mftteriil: 

2,068  baneli Portland  oement,  at  $2.10 $4,384.80 

906  barrels  natural  cement,  at  55  cents 497.75 

1,858  tons  cnuhed  stone,  at  $1.50 2,787.00 

1,476  cnbic  yards  sand  and  gravel,  at  33  cents 487. 06 

4  eorres  and  2  Joints  of  24-inch  sewer  pipe 14.80 

174  feet  30-incli  sewer  pipe,  at  $1.36 236.64 

1,680  feet  B.  M.  oak  timber  in  miter  sills,  at  $27.40 46.  OS 

I  set  hollow  quoin  castings 90.00 

II  kegs  spikes  and  nails,  at  $1.75 19.25 

23  bolts  In  gate  wall  and  miter  sill 11.77 

20  tons  of  coal,  at  $1.70 34.00 

1,100  gallons  coal  oU,  at  8|  cents 96.25 

Lumber  for  forming 735.47 

Cost  of  material $9,460.84 

Labor: 

Erecting  forming 1,122.90 

BemoTing  forming * 273.21 

Erecting  mixer 100.00 

BemoYing  mixer 22.60 

Handling  cement 70.12 

Handling  crushed  stone 406.99 

Handling  gravel  andsand 347.10 

Handling  sewer  pipe 35.00 

Mixing  concrete 372.10 

Bamming  concrete 714.32 

Depositing  concrete 585.72 

^fi^Sy  depositing,  and  ramming  facing 261. 48 

Hoisting  concrete 301.40 

Laying  tracks •. 71.20 

Train  service 353.65 

Loading  and  unloading  material  at  bureau 659.98 

Loading  and  shipping  gravel 253.65 

Superintendence  at  gravel  pit  and  bureau 135. 50 

Costofhibor 6,086.92 

Total  cost 15,537.76 

UHSK  NO.  10  OF  9-FOOT  LIFT. 

Portland  cement  concrete • cubic  yards..  1«726 

Katoral  cement  concrete do....      568 

Portland  cement  facing do....        86 

Total  amount  of  concrete  masonry do 2,380 

Cost  of  concrete  masonry  per  cubic  yard $6.58 

PorUand  oement  to  1  cubic  yard  of  concrete barrels..    1.21 

Hatoral  cement  to  1  cubic  yard  of  concrete do....    1.66 

Quaniitif  and  oo$t  of  laJfor  and  material. 

Miteiial: 

2,193  barrels  Portland  cement,  at  $2.10 $4, 605. 30 

941  barrels  natural  cement,  at  55  cents 617.55 

1,902  tons  crushed  stone,  at  $1.50 2,853.00 

1,641  cubic  yards  sand  and  gravel,  at  SS  cents 541.53 

4  curves  and  3  Joints  24-inch  sewer  pipe 15.70 

aOO  linear  feet  of  30-inch  sewer  pipe,  at$1.36 272.00 

I  Bet  of  hoUow  quoin  castings 90.00 

1,680 leetB.M. oak  timber  in  miter  sills, at  $27.40 46.03 

II  kegs  spikes  and  nails,  at  $1.72 18. 92 

23  botts  in  gate  wall  and  miter  sill 12.92 

40  tons  coal,  at  $1.70 68.00 

750  gaUons  coal  oil,  at  8f  cents 65.63 

Lnmber  for  forming ' 735.47 

Cost  of  material $9,842.05 


i 
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Labor: 

Ereoting  forming $1,104.20 

Removing  forming 249.90 

Erecting  mixer 100.00 

Removing  mixer 26.30 

Handling  cement 70.12 

Handling  crashed  stone 406. 99 

Handling  gravel 347.10 

Handling  sewer  pipe 62.00 

Mixing  concrete 381.81 

Ramming  concrete 672. 14 

Depositing  concrete 656.90 

Mixing,  depositing,  and  ramming  facing 244.80 

Pnmpmg  lock  pit  and  hoisting  concrete 383.90 

Layingtraoks 75.00 

Train  service 243.00 

Loading  and  unloading  material 341.05 

Loading  and  shipping  gravel 369.38 

Saperintendence  at  gravel  pit  and  bureau  • 123. 00 

Cost  of  labor $5,817.51 

Total  cost 15, 659.  ft 

QUANTITT  A2n>  COST  OF  MASONRY  FOK  HIOBWAT  BBIDaBS. 

mghway  Bridge  No,  1,  Mile  $, 

299  barrels  Portland  cement $859.  IS 

100  gallons  coal  oil 8.75 

30  tie  bolts 34.49 

5  kegs  nails 9.16 

330  cubic  yards  gravel 107.25 

Labor 1,017.36 

251  cubic  yards  concrete  masonry,  at  $8.11 $2,036.1' 

Highway  Bridge  No.  g,  Mile  6, 

206  barrels  Portland  cement $489. 19 

101  barrels  Utica  cement 65.65 

30  tie  bolts 34.48 

100  gallons  coal  oil 8.75 

2  kegs  nails 4.50 

324  cubic  yards  gravel 97.26 

Labor , 560.91 

245  cubic  yards  of  concrete  masonry,  at  $5.14 • $1, 260. 7^ 

Rubble  masonry : 

38  barrels  Utica  cement 24.70 

1  barrel  Portland  cement 2.30 

134  tons  stone,  at  $1.66 222.44 

Labor 78.00 

67  cubic  yards  rubble  masonry,  at  $4.81 S22.4 

Total  cost  of  masonry * 1,583.1 

Highway  Bridge  No.  S,  Mile  7. 

103  barrels  Portland  cement $240.87 

132  barrels  Utica  cement 85.80 

30  tie  bolts 84.48 

100  gallons  coal  oil 8.75 

4  kegs  nails 4.10 

256  cubic  yards  gravel 87.04 

Labor 695.16 

186  cubic  yards  concrete  masonry,  at  $5.68 • $1,056.2 
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Bobble  masonry : 

38  barrels  Utica  cement $24.70 

Ibaml Portland  cement 2.30 

136  tona  stone,  at  $1.66 225.76 

Labor 65.24 

67  cubic  yards  rabble  masonry,  at  $4.68 $308.00 

Total  cost  of  masonry 1,364.20 

Highway  Bridgs  No.  4,  Mile  8, 

2M  biffrels  Utica  cement $191.10 

322  barrels  Portland  cement 470.60 

90  tie  bolts , 34.48 

150  gallons  coal  oil 13.18 

4  kegs  nails 7.50 

447  eabic  yards  gravel 160.92 

Labor 855.66 

365  cubic  yards  concrete  masonry,  at  $4.88  (total  cost  of  masonry).  1^  733. 39 

Highway  Bridge  No.  10,  MUe  16. 

AppToacbes  not  yet  completed. 

230.1  cubic  yards  rortlana  cement  concrete  in  abutments,  at  $7.50 $1, 725. 75 

240.8  enbic  yards  natural  cement  concrete  in  abutments,  at  $4.44 1, 069. 15 

Cutting  and  boring  rails  for  tie*rods,  freight,  and  unloading  same 77. 40 

£xeayating  foundation,  610  cubic  yards,  at  23  cents 140. 30 

Exearating  foundation,  380  cubic  yards,  bard  material,  at  44^  cents 169. 10 

Ezeayating  foundation,  100  pounds  dynamite 10.50 

Excavating  foundation  of  wall,  south  ai)proach,  416  cubic  yards,  at  26|  cents  11 1. 28 

Earthwork  in  north  approach,  800  cubic  yards,  at  19.4  cents 155. 20 

Ear^work  in  approach,  742  cubic  yards,  at  18^  cents 137.27 

Bobble  masonry  in  south  approach,  493  cubic  yards,  at  $4 2, 384. 15 

Surreys  and  inspection 59.20 

Total  cost  of  work  done  to  date 6,039.30 

Work  hg  Mred  labor,  miles  1  to  8;  grading  for  track  and  track  laying  by  hired  labor,  miles 

ItolS. 

Milel: 

16,790  cubic  yards  earthwork  filled  in  around  walls,  approaches,  etc., 

Lockl $2,115.46 

Splay  wall — 176  cubic  yards,  west  end  Lockl 240.55 

Slope  wall — 

1,724  tons  stone 2,042.94 

Labor  laying  same 1,531.86 

(4,002  square  yards  laid,  at  89  cents.) 

Total  cost  on  mile '. 5,930.81 

lfile2:                                                                                                            '"'^^'^''^''^^ 
22,614  cubic  yards  earthwork  handled  on  this  mile,  filling  in  and 
around  walls  of  Locks  2  and  3,  ditching  at  Look  2,  connecting  south 
bank  with  Chicago,  Rock  Island  and  Pacific  Railway,  and  excavat- 
ing for  abutments  for  Highway  Bridge 3,023.47 

Splay  wall — 

200  cubic  yards  at  Lock  No.  2 525.75 

300  cubic  yards  at  Lock  No.  3 991.42 

258  cubic  yards  at  Highway  Bridge 107. 13 

Slope  wall- 

2,333  tons  of  stone 2,768.16 

Labor  laying  same 1,092.60 

(6,558  sqnare  yards  laid,  at  59  cents.) 

Total  cost  on  mile 8,509.03 


2476      REPORT  OF   THE   CHIEF   OF  ENGIKEERS,  U.  S.  ARMT. 

Mile  3: 

4,817  oubio  yards  of  earthwork  handled  on  this  mile,  in  excayating 
and  embankments  at  arch  colyerts  Nob.  1  and  2,  building  protec- 
tion leyee,  ffradine  railway  and  resurfacing  embankments $588. 69 

Arch  cnlyert  JNo.  1,  81  square  yards  paying  laid  at  lower  end  and  cul- 

yert  cleaned  out 175.41 

Arch  culyert  No.  2,  84  square  yards  paying  laid  at  lower  end,  was  torn 
out  and  relaid.    The  discharge  in  cnlyert  proper  was  fall  of  muck 

and  quicksand,  which  was  cleaned  out  at  total  cost  of 420. 38 

Slope  wall — 

2,824  tons  stone 3,346.44 

Labor  laying  same 2,566.03 

(6,558  square  yards  laid,  at  90  cents.) 

Total  cost  on  mile 7,091.95 

Mile  4; 

18,147  cubic  yards  earthwork  handled  on  this  mile  in  filling  in  aronnd 
the  walls  of  Lock  4,  building  a  protection  leyee  at  Lock  4,  building 
approach  at  west  end  of  Aqueduct  No.  1,  grading  track  and  remoy- 

ing  cross  banks,  ditching,  etc 2,924.89 

Slope  wall — 

2,700  tons  stone 3,199.50 

Labor  laying  same 2,112.78 

(6,354  square  yards  laid,  at  82  cents,  along  new  creek  channel 

to  protect  new  bank  and  along  inside  of  canal  embankment.) 

Splay  wall — ^263  cubic  yards  has  been  laid  at  aqueduct  No.  1  and  at 

Lock  No.  4 602.85 

About  76,500  cubic  yards  of  material  was  stripped  from  the  Carlson 
grayel  pit  on  this  mile,  12,000  of  which  was  nsed  in  building  up 
canal  embankments  and  bidlding  up  lock  acre  at  Lock  4,  at  a  total 
cost  of 9,789.68 

Total  cost  of  work  done  on  this  mile 18,429.70 

MUe5: 

17,959  cubic  yards  of  earthwork  has  been  handled  on  this  mile  in 
excayating  for  bridge  abutments  and  building  approaches  to  same, 
filling  oyer  slope  wall,  and  in  excayating  bend  of  creek  to  preyent 

damage  to  canal  embankment 2,931.66 

Slope  wall,  bank  reyetment — 

1,833  tons  stone 2,172.10 

Labor  laying  same 1,760.21 

(4,256  square  yards  laid  at  92  cents.) 
Splay  wall— 268  cubic  yards  laid  at  highway  bridge 109. 10 

Total  cost  on  this  mile &  973. 07 

Mile  6: 

1,263  cubic  yards  of  earthwork  has  been  handled  on  this  mUe  in  fill- 
ing oyer  slope  walls 149.25 

Slope  wall,  htM  reyetment— 

2,280  tons  stone 2,701.80 

Labor  laying  same 1,839.44 

(5.288  square  yards  laid  at  86  cents. ) 
Arch  culyert  No.  3 — Cleaning  out  and  repaying  discharge 233. 56 

Total  cost  on  this  mile 4,924.06 

Mile  7: 

22,819  cubic  yards  of  earthwork  has  been  handled  on  this  mile  in 
remoying  cross  banks,  enlarging  basin  near  arch  cnlyert  No.  4, 
filling  in  around  walls  of  Lock  No.  6,  surfacing  track,  and  excar- 
yating  for  abutments  for  highway  bridge  and  building  approaches 

to  same 2,666.17 

Slope  wall,  bank  reyetment — 

585  tons  stone 693.22 

Labor  laying  same 821.78 

(1,992  square  yards  laid  at  76  cents.) 
Aroh  cnlyert  No.  4 — This  culyert  which  had  filled  with  a  deposit  of 

quicksand,  etc.,  was  cleaned  ont  and  discharge  of  same  repayed . . .         406. 86 
Splay  wall.— 434  cubic  yards  laid  at  Lock  No.  6,  and  at  highway 
bridge : 434.80 

Total  ooet  on  this  mile 6,022.33 
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MOeS: 

25,806  cnbio  yards  of  earthwork  haodled  on  this  mile,  in  exoayating 
for  abntments  for  highway  bridge  and  bnilding  approaches  to  same, 
lemoTing  cross  bank  at  Lock  No.  7,  excayating  for  new  creek  chan- 
nel, filling  in  around  walls  of  Look  No.  7,  and  filling  over  arch 

colyertsNo.  5 $6,440.94 

Slope  waU,  bank  revetment.—l,  115  tons  stone 1,32L28 

Labor,  including  distribution  of  stone  to  complete  mile,  and  laying 

728 square  yards  slope  wall 1,4SL80 

8play  walL--608  cubic  yards  laid  at  Lock  No.  7,  and  at  highway 

bridge 866.28 

(The  earthwork  at  Lock  No  7  and  also  approaches  to  highway 
bridge  on  this  mile  was  done  at  great  disadyantage  on  account 
of  the  extra-long  haul,  about  1,200  feet.) 

Total  cost  on  this  mile 10, 069. 80 

Kile  9: 

2, 904  cubic  yards  of  earthwork  has  been  graded  for  track  at  Looks 

8  and  9 26L86 

860  tons  of  stone 1,019.10 

Slope  wall,  bank  reyetment — ^Labor,  including  distribution  of  stone 

to  complete  mile  and  laying  1,995  square  yards  slope  wall 1^  040. 34 

Total  oost  of  mile 2,320.79 

imCKLLAMBOUS  WORK  OK  MILBS  1  TO  9,  X7KDBR  IN8PSCT0B  J.  D.  TRUSS,  JR. 

Weeds  were  cut  from  oanal  embankments,  miles  1  to  7;  willows  planted 
where  necessary  to  protect  canal  embankments;  built  temporary  high- 
way bridge,  miles  2  and  5 ;  a  farm  bridge  on  mile  7 ;  and  a  railway  bridge 

on  mile  l3,  352  feet  long $433.96 

Hie  train  seryice  force  loading  material  at  Bureau  and  Look  6  yards, 
operating,  pumping,  hoisting,  and  mixing  engines,  for  the  following 
stmctures : 

Look  No.  8 2,64L60 

Lock  No.  9 1,649.06 

Lock  No.  10 2,110.83 

Lock  No.  11 1,483.97 

Lock  Na  12 392.11 

Tbtal 8,7U.61 

la  addition  to  the  aboye  work,  all  of  the  piling,  timbers,  drain  tile,  etc.,  stored 
in  the  T  yard  at  bureau  was  remoyed  to  the  Look  6  yard,  the  track  torn  out  and 
fence  rebuilt  along  right  of  way. 

The  Bureau  storage  yard  was  cleared  up  preparatory  to  receiying  material.  The 
foundation  of  large  warehouse  was  repaired  by  replacing  71  new  blocks.  "Hie  loco- 
motives ''Hennepin"  and  "Dayenport''  were  dismantled  and  shipped  to  Pittsburg, 
Pa.,  for  repairs;  were  returned  and  set  u^  and  placed  in  seryice. 

A  locomotiye  shed  28  feet  by  40  feet,  with  three  engine  pits  and  a  blacksmith  and 
ear  repair  shop,  14  by  24  feet,  were  erected  at  Lock  No.  6. 

The  looomotiye  supply  tank  at  Lock  No.  4  was  shipped  to  Lock  12.  A  new  one 
was  set  up  at  Lock  No.  6  and  all  of  the  tools,  cars,  and  machinery  of  all  kinds  haye 
been  kept  in  repair. 

6.7  miles  of  additional  narrow-guage  railway  track  has  been  laid  along  canal 
tow  path  for  permanent  use,  11.7  miles  of  such  track  has  been  main- 
tained and  3.5  miles  of  temporary  track  built,  at  a  total  cost  of $8, 147. 82 

8J  miles  of  temporary  track  was  torn  up  and  remoyed  after  use,  costing . .    1, 456. 96 


Total  oost ^608.37 

TKLBPHOim  LDOB. 

A  telephone  line  has  been  constructed  along  the  line  of  canal  from  the  Bnreaa 
•torage  yard  to  the  inspector's  office  on  mile  24,  a  distance  of  21  miles.  Instruments 
were  put  in  at  Bureau  storage  yard,  gravel  pit,  Lock  6,  assistant  enj^eer's  ofELce  at 
Tiskilwa,  inspector's  office  at  Look  11,  at  Jock  uader  oonatruotion,  ixuipeetor's  oflCLae 
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at  Look  13,  inspector's  office  at  Look  19,  inspector's  office  at  mile  2i,  nine  instrnmeints 
in  all.    Cost  or  line  as  follows : 

Labor $338.03 

Material .^ 411.17 

Instruments ..." 143.00 

Total  cost  of  line 892.20 

lOBGSLLANEOUS    HIRED    LA.BOR    ON    MILES    9,   10,   AND  11,   UNDER    INSPECTOR    8.  L. 

BATLE8S. 

Other  than  that  engaged  in  the  constrnotion  of  locks,  hired  labor  was  employed 
as  follows : 

Clearing  out  seep  ditches,  building  a  protection  levee  to  prevent  high  water  from 
overflowing  the  canal  at  the  east  end  of  Lock  8,  covering  drain  tile  on  Lock  9,  con- 
structing a  protection  levee  on  east  side  of  lower  Princeton  road,  grading  a  wagon 
road  from  public  highway  to  Look  9,  building  two  protection  levees  opposite  Slip 
Point  and  one  at  the  west  end  of  Lock  10,  planting  willows  at  the  foot  of  slope 
paving  on  miles  10  and  11,  delivering  ^avel  at  Lock  10,  placing  culvert  pipes  under 
upper  Princeton  road  crossing,  grading  ground  about  superintendenvs  nouse  at 
Lock  11,  rebuilding  and  repairing  right-of-way  fence  on  miles  9, 10,  and  11,  and 
removing  driftwood  and  other  obstructions  in  the  new  creek  channel  on  mile  11. 

MISCELLANEOUS  HIRED  LABOR  ON  MILES  12  TO  16,  UNDER  INSPECTOR  C.  A.  BROWNE. 

Hired  labor  was  engaged  as  follows: 

1;858  cubic  yards  of  gravel  has  been  delivered  at  Look  12  for  concrete 
work,  at  a  cost  of $483.82 

On  mile  13  three  rows  of  willows,  extending  1,400  linear  feet,  requiring 
2,100  willows,  have  been  planted  as  a  fence  protection,  costing 15. 23 

On  mile  14,  at  the  head  of  arch  culvert  No.  7, 400  willows  were  planted  as 
a  protection  to  the  sides  of  the  channel,  costing 2.63 

On  mile  16  the  hardpan  slopes  of  outs  have  been  soiled  and  seeded;  1,110 
cubic  yards  of  material  was  required  for  this  work,  at  a  cost  of 154. 48 

It  was  necessary  to  terrace  these  slopes  (about  3,000  s<^uare  yards),  and  the 
material  had  to  be  moved  with  pick  and  shovel,  it  being  too  hard  to 
plow,  at  a  cost  of 84.53 

The  fills  on  the  new  highway  on  mile  16  have  been  widened  and  the  slopes 
soiled  and  seeded;  920  cubic  yards  of  material  was  required  for  tnis 
work,  at  a  cost  of 183.43 

1,000  feet  of  fence,  3  boards  high,  has  been  erected  along  the  sides  of 
these  fills,  at  a  cost  of 44.27 

10,440  cubic  yards  of  grading  has  been  done  on  miles  12, 13, 14,  and  15,  for 
the  coustruction  of  the  narrow-gau^e  railroad  and  for  switches  of  the 
Chicago,  Rock  Island  and  Pacific  Railway,  at  Locks  No.  13  and  No.  17, 
at  a  cost  of 1,627.16 

This  work  embraced  the  approaches  of  both  ends  of  the  bridge  over 
main  Bureau  Creek,  on  mile  12,  and  the  side  track  for  handling  cement, 
forming,  and  stone  at  Looks  12, 13,  and  14. 

About  4,000  feet  of  standard  side  tracks  have  been  laid  at  Locks  13  and  17, 
at  a  total  cost  of 230.91 

The  side  track  at  Look  13  is  designed  to  receive  the  material  for  Locks  12  and  13. 
and  the  one  at  Look  17  is  designed  to  extend  to  Look  14,  and  the  material  received 
on  the  Chicago,  Rock  Island  and  Pacific  Railway  will  be  delivered  to  Locks  14, 15, 
16,  and  17  without  transfer. 

DWELLINGS. 

8uperintendenf8  house  at  Lock  S. — ^This  is  a  two-story  house  containing  six  rooms, 
and  was  built  by  hired  labor,  at  a  cost  of  $1,916.51. 

Lode-keeper's  house  at  Lock  No,  6. — This  is  a  one-story  house  containing  four  rooms, 
and  was  built  by  hired  labor,  at  a  cost  of  $1,100.40. 

Superiniendenfs  house  at  Lock  No.  11. — ^This  is  a  two-story  house  containing  seven 
rooms,  and  was  built  by  hired  labor,  at  a  cost  of  $1,555.30. 

Lodk-keeper's  house  at  Lock  No,  13. — ^This  is  an  old  two-story  house  of  seven  rooms, 
that  was  on  the  right  of  way  when  the  land  was  acquired  by  the  United  States. 
It  was  moved  to  a  new  site  by  contract  under  ten-day  proposals,  and  repaired  by  hired 
labor,  at  a  total  cost  of  $599.70. 
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8»perMemdenf9  houte  at  L^ck  No.  19. — Thig  is  a  two-story  hoase  of  six  rooms,  and 
built  by  hired  labor,  at  a  cost  of  $1,689.70. 

H0u9e  for  intpeetar^B  office  on  mile  t4. — This  Is  a  one-story  honse  containing  four 
iDomi^  and  was  built  by  hired  labor,  at  a  cost  of  $637.24. 

FBNdNG  BIGHT  OF  WAY. 

A  6-strand  barbed- wire  fence  was  constructed  to  inclose  the  canal  right  of  way 
from  miles  17  to  24  inclnsive.  The  material  was  purchased  under  ten-day  propusalH, 
and  the  labor  was  done  under  a  contract  let  to  JB.  W.  Eddy,  of  Wyanet,  fil.,  under 
ten-day  proposals.    The  cost  was  as  follows : 

Mile  17: 

Material $126.91 

Labor 52.35 

Total  cost  on  this  mile $179.26 

MUel8: 

Material 179.41 

Labor 72.94 

Total 262.35 

Mile  19: 

Material 169.90 

Labor 68.40 

Total 238.30 

Mile  20: 

Material 169.86 

Labor 69.20 

Total 229.06 

Mile21: 

Material 136.14 

Labor 68.74 

Total 194.88 

Mile  22: 

Material 111.00 

Labor 47.93 

Total 168.93 

Mile  23: 

Material 155.78 

Labor 67.19 

Total 222.97 

MOe24: 

Material 173.30 

Labor 73.64 

Total 246.94 

Totol  cost  of  14.6  mUee,  at  $117.99 1,722.69 

8UBVBTB,  ETC.,  MADS  BY  IN8PBCTOB  J.  W.  WOERMANN,  MIUB8  20  TO  24  INCLUSIVE. 

The  right  of  way  was  staked  out  on  all  5  miles.  The  earthwork  was  staked  out 
on  the  whole  of  mues  20  and  21,  on  3,000  feet  of  mile  22,  and  on  1,600  feet  of  mile  24. 
Hie  level  notes  for  same  were  reduced  and  the  cross  sections  platted.  The  erection 
of  the  fencing  was  inspected  and  measured. 

Six  new  bench  marks  were  established. 

The  watersheds  to  be  drained  through  the  culverts,  as  oriflrinally  proposed  at  Sta- 
tions 1243, 1336,  and  1410,  were  located  in  the  field;  also  the  buildings  and  adjoining 
fences  of  John  L.  Smith,  section  1,  Mineral  Township. 

A  map  was  prepared  snowing  the  watersheds  to  be  drained  through  the  culverts, 
ss  then  propped  at  Stations  1243, 1336,  and  1410,  the  acreage  comnnted,  and  the 
lize  of  cmverts  computed.  A  comparative  estimate  was  made  of  two  different  drain- 
age projeots  on  miles  24  and  26.    Foor  blue  prints  of  the  right  of  way  from  mile  24 


2480     REPORT   OP  THE   OHIEP  OP  ENGINEERS,  U.  S.  ARMT. 

to  27.8  were  made  and  colored  for  oonrt  purposes.  Five  extra  sets  of  agreemente 
were  written  for  right  of  way  from  mile  24  to  27.8. 

Assisted  in  preparing  18  sets  of  agreements.  The  ownership  of  existing  ditches, 
and  rights  of  tenants  and  others  having  interests  in  the  tracts  on  that  section,  were 
determined  and  prices  seonred.  The  amonnt  of  excavation  and  embankment,  inolnd- 
Ing  seep  ditches  and  bridge  approaches  from  mile  24  to  27.8,  was  computed  and  a 
summary  prepared,  showing  the  total  amonnt  of  earthwork  in  each  class  for  each  mile. 

The  data  in  regard  to  the  cost  of  the  various  classes  of  work  on  the  eastern  section 
was  summarized  and  tabulated. 

GBMXHT  TESTS. 

Two  hundred  and  nine  oars  of  cement  have  been  inspected,  as  follows: 

For  the  United  States :  Gsrliwda. 

Alpha  Portland 30 

Atlas  Portland 42 

Sailor's  Portland 8 

Utica,  natural 81 

For  contractors : 

Atlas  Portland 16 

Empire  Portland 1 

Utica,  natural 81 

Representing  about  26,500  barrels  of  cement. 

During  the  year  about  6,000  briquets  were  made^  of  which  4,860  have  been  broken 
for  tensile  strength,  leaving  on  hand  about  1,140  briquets  unbroken. 

Ninety-one  long  time  tests,  extending  over  periods  of  seven  days,  twenty-ei^ht 
daj^s,  three,  six,  nine,  and  twelve  months,  and  two  years,  were  made,  on  which 
briquets  have  been  broken,  as  follows : 

ATLAS  PORTLAND,  AVEBA6E  OF  38  BRIQUETS. 


7  days. 

28  days. 

3  months. 

Nfiftt 

620 
152 

008 
222 

651 

1  nArt  comoxit  to  3  lyftrtB  BAndT.,.r ..*...-^. *-,-..,................. 

817 

BAYLOR'S  PORTLAND,  AVERAGB  OF  19  BRIQUBTa 


Neat.... 

1  part  oement  to  8  parts  sand. 


743 
262 


UTICA,  NATURAL,  AVERAGB  OF  17  BRIQUETa 


Neat 

1  part  oement  to  1  part  sand. 


Gars  Nos.  7716  and  6246  of  Saylor's  Portland  oement  were  found  to  be  below  speci- 
floations  for  tensile  strength,  and  a  number  of  tests  and  recheok  tests  were  made^ 
several  ^f  which  are  given  below : 

* 

Six  months  teats,  car  No.  7716,  Saylor's  Portland  oemmU 

[Average  of  8  briquets.] 


7  days. 

28  days. 

3  months. 

6  months. 

Neat 

563 

80 

500 

188 

004 
200 

577 

1  pftrt  OAvnent  to 8  p^rts  ffand ^..  ,*^ 

224 

Samples  of  oement  were  taken  from  this  carload  and  exposed  to  the  air  in  a  shallow 
pan  for  ten  days,  and  turned  with  trowel  once  each  day  during  that  time.    Seven 
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lod  twenty-eight  day  tests  were  made  for  tensile  strength,  showing  the  following 
iwaU  from  an  ayerage  of  nine  briquets. 


Knt 

1  part  cement  to  3  puts  sand 


7  days. 


567 
80 


28  days. 


009 
124 


These  briqaets  show  slightly  lower  tensile  strength  than  those  made  in  the  usual 
way. 

Air  teats,  Saylor'a  Portland  cement, 

1  part  cement  to  3  parts  sand,  briquets  kept  1  day  in  air,  6  days  in  water,  and 
balance  of  time  in  air : 

1  month 200 

2montiis 202 

3  months 198 

Ipart  cement  to  3  parts  sand,  briquets  1  day  in  air,  29  days  in  w<iter,  and  balance 
of  time  in  air : 

2months 237 

3month8 •- 226 

Car  No.  6246,  Baylor's  Portland  cement,  was  put  through  the  same  tests  and  showed 
slightly  higher  tensile  strength  than  car  No.  7716. 

The  following  tests  of  Atlas  Portland  and  Utioa  Natural  cements  were  made  with 
increased  proportions  of  sand: 


lilaa,  1  part  cemont  to  i  sand 

AUaa,  1  part  cement  to  5  sand 

UttOt  1  part  cement  to  2  Band , 

rUea,  1  part  cement  to  3  sand .*, 

Utieat  1  part  cement  to  4  aand 


7  days. 


101 
62 
51 
33 
28 


28  days. 


166 

113 

83 

55 

50 


Yarious  testa  hAve  been  made  on  samples  of  sand  and  gravel. 

WORK  DONE  BT  DRAITSMAN. 

Made  an  approximate  estimate  of  excavation  and  embankments,  miles  16  to  24, 
inclusive,  ana  also  tabular  statement  of  same;  made  a  plat  of  canal  showing  right 
of  way  from  Station  785  to  826,  to  show  a  proposed  location  of  Lock  No.  18,  with 
approaches  and  embankments;  made  a  drawing  showing  topograph v  and  proposed 
Btructuree  and  embankments  from  mile  16  to  mile  20;  a  tracing  of  same  was  also 
made;  made  a  drawing  and  tracing  showing  change  of  location  of  Lock  No.  19; 
made  a  map  and  tracing  showing  relocation  of  Lock  No.  6,  and  the  Chicago,  Rock 
Island  andf  Pacific  Railway,  and  canal  embankments  in  the  vicinity  of  the  lock; 
made  profile  of  north  and  south  right  of  way  of  Chicago,  Rock  Island  and  Pacific 
Railway,  also  the  center  line  of  canal  in  the  vicinity  of  Lock  No.  6;  made  a  plat  and 
tracing  showiug  right  of  way,  with  alternate  locations  of  Lock  No.  19  and  approaches, 
and  the  proposed  crossing  of  public  highway  on  mile  16.  Cross  sections  were  plat- 
ted of  ground  between  Stations  833  and  861,  with  lock  pits  and  proposed  road,  for 
calculating  earthwork.  Platted  a  profile,  mile  20  to  mile  24,  in  1-mile  sections, 
showing  borings  taken  at  i-mile  intervals,  with  proposed  structures  and  grades  of 
embankments,  and  made  tracing  of  same.  Made  tracings  and  blue  prints  of  two 
different  plans  of  slope  paving.  Revised  the  sheets  showing  location  of  embank- 
ments and  excavations,  miles  16  to  20  and  miles  20  to  24.  Profiles  on  large  scale 
in  1-mile  sections  on  sheets  of  4  miles,  showing  borings  taken  at  i-mile  intervals, 
were  platted,  and  tracings  made  of  miles  16  to  20  and  20  to  24.  Drawings  and 
tracings  showing  borings  at  sites  of  Locks  Nos.  19, 20,  and  21  were  made.  The  field 
profiles  and  copies  of  cross-section  notes  were  made  of  the  different  sections  for  use 
of  inspectors  in  the  field.  The  right  of  way  from  mile  24  to  27.8  was  platted  on  a 
acale  of  1  inch  equaling  200  feet,  an^  the  separate  tracts  traversed  by  line  of  survey 
ealculated  and  subplats  of  each  tract,  with  tracings  and  blue  prints  with  descrip- 
tions and  baclungs  in  triplicate  made  preparatory  to  court  proceedings  in  Chi- 
csgo,  111. 
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AgreementB  between  the  United  States  and  landowners  were  prepared  and  signed 
by  owners.  A  drawing  on  a  soale  of  1  inch  to  000  feet,  from  mile  24  to  mile  27.8, 
snowing  tojpography  and  proposed  stractures,  with  profile  and  ^ades,  was  completed, 
and  a  tracing  of  same  was  made ;  a  drawing  on  a  scale  of  1  inch  to  600  feet,  from 
mile  24  to  mile  27.8,  showing  rieht  of  way  required  ftom  different  landowners,  with 
the  size,  shape,  and  location  of  tne  separate  tracts,  with  reference  notes  of  abstracts, 
plat  nambers,  and  all  data  that  conld  be  procured,  and  size  of  each  farm  and  acre- 
age, as  left  on  each  side  of  canal,  and  tracing  of  same  made.  Abstracts  of  title 
were  procured  of  land  traversed  by  canal,  mile  24  to  mile  27.8,  and  owners  of  same 
estabiished.  A  plat,  No.  46  B.  of  extra  land  required  for  right  of  way  purposes  and 
tracing  and  descriptions  were  written  in  triplicate.  A  profile  and  tracing  showiug 
proposed  location  of  public  road  near  Pond  Creek  Station  was  made.  A  Uacing  was 
made  of  general  arrangement  of  splay  walls  for  arch  culverts ;  made  a  sketch  show- 
ing proposed  location  of  new  channel  of  Bureau  Creek,  near  Aqueduct  Ko.  2.  Prog- 
ress sketches  of  locks  and  aqueducts,  earthwork,  and  arch  and  pipe  culverts  were 
made  up  monthly  from  August,  1897,  to  February,  1898.  for  files  in  this  office.  An 
extra  plat.  No.  115  A,  with  description,  was  made  in  triplicate.  Estimates  for  drain- 
age ditches  on  the  north  side  of  canal  from  Station  124J5  to  Station  1347  and  on  the 
south  side  fi^m  Station  1323  to  Station  1416  were  made.  A  drawing  was  prepared  to 
show  project  of  drainage,  mile  24  to  27.8;  made  topographical  map  of  uie  vicinity 
of  Pond  Creek,  showing  work  completed  to  date.  A  system  for  indexing  notebooks 
has  been  made.  New  forpi  for  cement^ tests  record  were  ruled.  A  drawing  showing 
topography  and  all  structures  as  finally  located,  with  profile  showing  grades,  eto., 
mue  0  to  4,  has  been  completed  and  tracing  made.  A  drawing  showing  topography 
and  all  structures  as  finally  located,  with  profiles,  etc.,  miles  4  to  8,  is  about  75  per 
cent  complete;  sketched  additional  topography  for  these  maps  in  the  field.  A  draw- 
ing and  tracing  were  made,  showing  topography  in  the  vicinity  of  Look  No.  8,  to 
determine  drainage.  A  tracing  was  made  snowing  design  for  concrete  mixer;  made 
estimate  for  fencing  miles  16  to  24,  inclusive,  and  assisted  in  sundry  clerical  office 
work.    About  350  blue  prints  were  made. 

BMPLOYEBS. 

The  work  let  to  contract  and  that  done  by  hired  labor  has  been  distributed  along 
the  canal  fi^m  miles  1  to  24  and  has  been  divided  into  divisions,  with  the  following- 
named  inspectors  in  charge:  J.  Q.  Truss,  jr.,  S.  L.  Bayless,  Charles  A.  Browne,  A.  0. 
Bowse,  and  J.  W.  Woermaim.  These  gentlemen  have  been  assisted  by  the  following- 
named  Bubinspectors :  Charles  £.  Sheriff,  Oscar  £.  Strehlow,  Henry  Fox,  W.  H.  Fer- 
fuBon,  H.  J.  Emmons,  J.  G.  Palmer,  George  P.  Hawley,  Clarence  A.  Clement^  and  H.  C. 
iStee. 

The  clerical  department  has  been  under  C.  F.  Scott,  as  clerk,  assisted  by  H.  D.  Co^ 
bett  and  Elmer  v.  Williams,  as  receivers  of  material.  George  W.  Choate  has  been  in 
charge  of  inspection  of  cement,  assisted  by  Willis  Hunter  as  cement  tester.  Mias 
Anna  Whiting  has  been  employed  as  typewriter  and  Thomas  H.  Joy  as  draftsmaiif 
all  of  whom  1  am  indebted  to  for  faithful  aud  intelligent  assistance. 
I  have  the  honor  to  be,  your  obedient  servant, 

Jas.  C.  Loko, 
Amstant  Engineer. 
Mi\|.  W.  L.  Marshall, 

Corp8  of  Engineers,  U.  8.  A, 


EBPORT  OF  MB.  L.  L.  WHEBLBB,  ASSISTAlffT  KNGINKIEB. 

STBBLma,  III.,  June  SO,  1898. 

Major:  I  have  tiie  honor  to  submit  the  following  report  on  the  work  done  on  the 
Illinois  and  Mississippi  Canal  under  my  supervision  during  the  fiscal  year  endiog 
June  30, 1898: 

FSBDEB. 

Ten  additional  pieces  of  land  required  for  highway  purposes  were  described,  and 
agreements  entered  into  with  the  owners  for  the  purchase  of  them.  Site  maps  were 
made  of  the  sites  of  all  highway  and  railway  crossings,  and  of  culverts  and  aque- 
ducts. A  large  amount  of  work  was  done  in  connection  with  securing  right  of  way 
hj  process  of  condemnation,  which  will  be  more  fully  described  in  connection  with 
similar  work  on  the  main  line. 

WBSTBRN  SECTION,  HAXN  UNS. 

At  the  date  of  last  annual  report  the  field  work  of  describing  lands  required  for 
right  of  way  for  the  western  section  had  been  completed.    The  notes  were  reduced, 
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compated,  deecriptions  writteiiy  plats  and  maps  made,  title  abstracts  prepared 
ad  agreements  drawn  ap  for  the  34  miles  of  right  of  way  for  the  main  line,  incladed 
Itfireen  the  feeder  junction  and  Rock  River.  In  all,  129  tracts  of  land  are  included 
ii  that  portion  of  the  right  of  way,  and  as  all  papers,  except  title  abstracts,  were 

Eared  in  triplicate,  their  preparation  involved  an  enormous  amount  of  careful 
r. 

Ihe  method  of  locating  and  describing  the  lands  was  as  follows :  The  center  line 
m  first  staked  out,  all  the  curves  being  run  in  and  the  position  of  the  center  line 
■ttked  at  the  fence  lines  and  other  places  where  cultivation  could  not  disturb  the 
nrks,  usually  by  oak  hubs,  bat  in  special  cases  by  iron  rails  driven  into  the  ground. 

The  right  of  way  ordinarily  is  300  feet  wide,  and  the  boundaries  are  marked  on 
Ike  ground  b^  30  pound  iron  rails,  3i  feet  long,  driven  about  3  feet  into  the  ground. 
Tkee  iron  rails  are  located  ordinarily  at  the  intersection  of  the  boundaries,  with  the 
knndarieB  between  farms,  and  in  everv  ease  are  placed  once  in  each  half  mile.  The 
MMurements  are  then  taken  to  enable  the  area  of  each  tract  to  be  computed  and 
daeription  written.  The  measurements  and  descriptions  proceed  arouna  the  tract 
Qthe  opposite  direction  to  the  movement  of  the  hands  of  a  watch.  The  areas  are 
raDputea  by  methods  of  latitudes  and  departures  and  carefully  checked. 

Each  description  consists  of  three  parts :  First,  the  point  of  origin  of  measurements 
idescribed  with  reference  to  some  known  point  in  the  public  land  survey.  Second. 
tfe  eounte  and  distances  around  the  tract  are  ^ven.  Third,  the  area  is  given  and 
iikatement  given  of  the  land  subdivision  in  which  the  tract  lies. 

ill  coursee  are  given  with  reference  to  the  true  meridian,  and  for  the  purpose  of 
determining  true  meridian,  observations  were  made  at  frequent  intervals  upon 
Pdsris.  A  plat  of  each  tract  was  made  on  the  scale  of  1  inch  equals  200  feet,  on 
vhidi  was  shown  all  the  courses,  distances,  section,  township,  and  county  in  which 
tke  land  was  situated,  the  name  of  the  owner  and  the  contents  of  the  tracrt.  Tliese 
^ts  were  made  of  a  uniform  width  to  correspond  with  the  paper  on  which  the 
dncriptions  were  written. 

Three  copies  of  the  descriptionB  were  typewritten,  and  to  each  copy  was  attached 
ibloe  print  of  the  plat.  A  brief  was  placed  upon  the  descriptions,  which  showed 
tke  number  of  the  description,  the  number  of  the  title  abstract,  the  township, 
onse,  section,  and  county,  the  owner's  name,  and  post-office  address.  One  copy 
of  uiese  plats  and  descriptions  was  sent  to  an  abstracter  of  titles,  who  prepared  a 
title  abs&act  covering  the  land  required.  Agreements  in  triplicate  were  then  pre- 
pired  which  set  up  the  laws  under  which  right  of  wa^  for  the  canal  is  beiuff  aco  uired, 
thich  contained  a  description  of  the  land  in  question,  and  a  provision  for  tne  sale 
to  the  United  States  of  tne  lands  described  for  a  certain  sum.  A  copy  of  the  plat 
nt  attached  to  each  a^^reement.  The  owners  were  then  notified  that  a  part  of 
tteir  Iskud  would  be  required  for  canal  purposes  and  the  agreements  left  witn  them 
vith  the  request  that  they  state  a  price  for  which  they  would  sell  the  land  required. 
Where  the  price  was  named  by  the  property  owner  1  prepared  a  certificate  oertify- 
ii;  to  tiie  value  of  the  land  in  question,  and  the  damages  resulting  to  the  remainder 
of  the  premises,  and  recommended  the  acceptance  or  rejection  of  the  proposal 
leeording  as  I  deemed  the  price  reasonable  or  unreasonable.  After  the  papers  had 
niched  this  sti^e  two  copies  of  the  plats  and  descriptions  and  accompanying  maps, 
two  copies  of  the  agreements  and  the  abstracts  of  title  were  forwarded  to  you.  I 
abmit  herevrith  a  sample  of  the  descriptions,  a  sample  page  from  the  title  abstract, 
ttd  a  sample  of  the  certificate  supplied  by  the  abstracters. 

Earthwork  in  excavation  and  embankment,  in  bridge  approaches  and  in  seepage 
lid  intersecting  ditches  was  computed  and  tabulated  by  miles.  Site  maps  were 
aide  of  all  highway  and  railway  crossings  and  maps  traced. 

Prior  to  this  fiscal  year  there  had  been  obtained  for  right  of  way  near  Milan  in 
the  western  section  of  the  main  line  134.43  acres  of  land  at  a  cost  of  $11,697.70,  and 
tt  the  eastern  section  of  the  main  line  972.44  acres  at  a  cost  of  $107,559.91. 

At  the  December  term  of  the  United  States  district  court  for  the  northern  district 
tf  Illinois  the  district  attorney  filed  a  petition  for  the  condemnation  of  the  lands 
in  the  first  24^  miles  of  the  feeder  for  the  purchase  of  which  no  satisfactory  agree- 
atnts  had  been  made  with  the  landowners.  This  ease  came  to  trial  in  January,  but 
before  coming  to  trial  satisfactory  settlements  had  been  reached  with  all  the  prop- 
ttty  owners  except  two.  Special  survevs  and  maps  were  made  of  the  property  in 
^ute  and  eonaiderable  time  of  this  office  force  was  taken  in  preparation  of  the  nee- 
Mary  data  for  the  trial  and  in  attendance  at  the  trial.  The  proceedings  in  the  case 
vere  concluded  and  257.49  acres  obtained  at  a  cost  of  $28,931.55,  giving^  a  total  amount 
tf  right  of  way  obtained  up  to  that  time  of  1,364.36  acres  at  a  cost  of  $148,189.16. 

One  of  the  eontestants  in  this  case  claimed  ownership  in  the  bed  of  Rock  River  and 
demanded  $10,000  for  damages  which  he  claimed  he  would  suffer  by  reason  of  the 
iscreased  depth  of  water.  Ae  court  decided  that  if  the  stream  was  a  navigable  one 
eimership  would  terminate  at  the  margin  of  the  stream,  and  the  question  as  to 
vkether  or  not  Rook  River  was  a  navigable  stream  was  submitted  to  the  Jury  as  a 
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question  of  fact.  After  hearing  the  evidence  in  the  case,  the  jury  returned  the  fol- 
lowing verdict : 

''We,  the  jury,  find  that  Rock  River  is  a  navigable  waterway  of  the  United Statae 
up  to  and  beyond  the  land  of  the  defendant,  Maxson." 

The  land  of  the  defendant,  Maxson,  is  situated  near  the  eastern  limits  of  the  cit^ 
of  Sterling,  IlL 

A  large  number  of  satisfactory  propositions  had  been  received  from  landowners  fox 
lands  required  for  the  feeder,  for  the  western  section,  east  of  Geneseo,  for  the  eastern 
section  from  Mile  24  to  the  feeder  junction,  and  also  for  lands  alon^  Rock  River,  eaal 
of  Sterling,  to  be  overflowed.  On  account  of  many  imperfections  in  title  and  of  par- 
ties having  liens  upon  the  lands  as  mortgagees  or  tenants,  it  has  been  oouBidered 
necessary  to  acquire  title  through  the  process  of  condemnation,  even  if  a  satisfactory 
agreement  had  been  reached  with  the  owner  of  the  fee. 

On  account  of  the  large  amount  of  legal  work  to  be  done  in  connection  with  secur- 
ing right  of  way  for  the  canal,  the  Attorney-General  appointed  Mr,  Charles  A.. 
Atkinson  as  special  attorney  to  do  this  work.  Mr.  Atkinson  arrived  at  this  office 
February  23,  and  the  work  of  preparing  a  petition  to  be  presented  to  the  May  term 
of  the  district  court  commenced.  The  petition  was  filed  March  26,  and  the  case  wae 
put  on  trial  May  2.  In  all  155  parcels  of  land  were  included  in  the  proceedings  and 
520  parties  made  defendants.  Settlements  were  made  for  all  but  one  parcel,  and  thie 
was  contested. 

The  preparation  of  the  petition,  the  verdict  of  the  jury,  and  the  decree  of  the  oonr4 
was  done  in  this  office,  and  involved  an  enormous  amount  of  work.  Notices  for  pub- 
lication were  prepared  and  inserted  in  newspapers  published  in  the  three  counties  ia 
which  the  lands  were  situated.  Slips  containing  notices  were  mailed  to  nonresident 
defendants.  Four  lists  of  names  of  defendants  with  their  addresses,  where  known, 
were  furnished  the  United  States  marshal  to  assist  him  in  serving  summonses.  Finally 
a  copy  of  the  petition,  verdict,  decree,  and  list  of  names  was  furnished  the  United 
States  district  court  for  a  certified  copy  of  the  proceedings.  An  opinion  was  prepared 
for  the  Attorney-General  in  the  case,  and  the  proceedings  received  his  approval. 

Under  the  proceedings  in  this  case,  title  was  acquired  in  1,616.61  acres  at  a  cost  o£ 
$161,204.59,  making  the  total  amount  of  right  of  way  secured  as  this  date  2,980.97 
acres  at  a  cost  of  $309,393.75. 

The  amount  of  land  remaining  to  be  acquired  for  right-of-way  purposes  and  for 
flowage  is  as  follows : 

Acres. 

On  eastern  section 73. 5S 

On  western  section 898. 2S 

On  feeder 80. 3» 

Overflow  lands 1,129.6T 

Total 2,131.90 

Accompanying  this  report  are  two  maps,  one  showing;  lands  already  acquired  and. 
those  to  be  acquired  for  right-of-way  purposes,  the  oiher  showing  overflow  lands 
acquired  and  those  yet  to  be  acquired. 

At  the  beginning  of  the  fisciu  year  fifteen  employees  were  on  the  rolls  of  this 
office,  all  employed  in  the  preparation  of  data  relating  to  ris^ht  of  way.  The  forca 
has  been  gradually  decreased,  by  transfer  and  dismissal,  as  tue  work  required,  until 
at  the  close  of  the  year  the  employees  consist  of  Mr.  J.  B.  Bassett,  Mr.  Fred  W. 
Honens,  Mr.  F.  B.  Duis,  and  Miss  G.  A.  Deyoe.  My  thanks  are  due  all  the  employees 
for  the  faithfulness  and  care  with  which  they  have  performed  their  duties.  I  desira 
to  make  special  mention  of  the  accuracy  and  care  with  which  Miss  Deyoe  has  type- 
written the  large  number  of  land  descriptions  and  legal  papers. 
Very  respectfully,  your  obedient  servant, 

L.  L.  Wheeler, 
AsHdtant  Engineer* 
Maj.  W.  L.  Marshall, 

Corpe  of  Engineers,  U.  8.  A, 


BAMFLB   DESCRIPTION. 
DE8CRIPTI0K  NO.  107. 


Beginning  at  a  point  on  half-section  line  south  eighty-nine  degrees  east  (S.  89^  OC/ 
£.^  three  hundred  and  seven  and  three-tenths  (307.3)  feet  from  the  center  of  section 
thirty-four  (34)  in  township  seventeen  (17)  north  and  ran^e  six  (6)  east  of  the  fourth 
principal  meridian,  in  Bureau  County  and  State  of  Illinois. 

Thence  south  eighty-nine  degrees  east  (S.  89'-^  00'  E.)  three  hundred  and  fifty-two 
(352)  feet;  thenoe  north  thirty  degrees  and  thirty-one  minutes  west  (N.  30^  31'  W.) 
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sizhnndred  and  thirteen  and  two-tentbs  (613.2)  feet;  thence  following  carve  to  the 
right  with  radias  of  twenty-seven  hundred  and  fifteen  (2715)  feet  for  a  distance  of 
eight  hundred  and  thirty-six  and  five-tenths  (836.5)  feet,  the  chord  of  said  carve 
nmniiig  north  twenty-one  degrees  and  forty-one  minutes  west  (N.  21^  41'  W.); 
thence  south  eighty-nine  degrees  and  twenty  minutes  west  (S.  89^  2(y  W.)  three 
handred  and  thirty-two  and  four-tenths  (332.4)  feet;  thence  south  twelve  degrees 
ind  thirty-six  minatee  east  (S.  129  36'  £.)  one  handred  and  fourteen  and  nine- tenths 
(1U.9)  feet;  thence  north  seventy -six  de^es  and  nineteen  minutes  east  (N.  76^  19' 
E.) twenty-five  (25)  feet:  thence  following  curve  to  the  left  with  radius  of  three 
thonaand  and  fifteen  (3,015)  feet  for  a  distance  of  eight  hundred  and  eighty-five  and 
three-tenths  (885.3)  feet,  the  chord  of  said  curve  rnnning  south  twenty-two  degrees 
and  six  minutes  east  (S.  22^  06'  E.) ;  thence  south  thirty  degrees  and  tnirty-one  min- 
nteseset  (8.  30^  31'  £.)  four  hundred  and  twenty-nine  and  one-tenth  (429.1)  feet  to 
point  of  beginning. 

Containing  nine  and  ninety-eight  hundredths  (9.96)  acres,  more  or  less,  and  being 
a  part  of  the  southeast  quarter  (8E.  i)  of  the  northwest  quarter  (NW.  i)  and  the 
Bonthwest  quarter  (SW.  i)  of  the  nor&east  quarter  (N£.  t)  of  section  thirty-four 
(34)  in  said  township. 

All  bearings  given  above  are  referred  to  true  meridian. 


SAMPLE  PAQX  OF  ABSTRACT. 


Swimp  Land.  (3)   State  of  Illinois 

lUinoie  Session  Laws,  to 

1862)  page  178.  Bureau  County ,  IllinoiB. 

Grants:  SW.i  NE.iSeo.84yTp.l7N.,B.6E.;  40  acres. 

Swamp  Land.  (4)  Bureau  County,  by  S.  G.  Paddock,  clerk, 

Book  44,  pace  580.  to 

Dated  Jan.  9, 1865.  Louis  Schlote,  assignee  of  David  Marple. 
FUed  Feb.  12, 1866. 

t220.   NE.  i  See.  84,  Tp.  17  N.,  B.  6  east. 

Warranty  Deed.  (5)  Lewis  Schlote  and  MoriahUrsnla^  his  wife, 

Book  57,  page  147.  to 

IHted  Sept.  26, 1870.  Frederick  Bieder. 

Filed  Oct.  10, 1870. 

I960.    SW.  i  NE.  i  Sec.  34  Tp.  17  N.,  B.  6  E. ;  40  acres,  more  or  less.    Acknowledged 
Wore  William  Wilson,  N.  P.,  Bureau  County,  Illinois,  Sept.  26, 1870. 

Mortgage.  (6)  Frederick  Bieder  and  Margaret,  his  wife* 

Book  X,  page  290.  to 

5»ted  Sept.  26, 1870.  W.  C.  and  WiUiam  C.  Boyden. 

Pdod  Oct  3, 1870. 

1600.    SW.  iNE.  iSeo.  34,  Tp.  17  N.,  B.  6£.    Due  2  years,  10^.    Acknowledged 
o«ioieL.  M.  Norton,  J.  P.,  Bureau  County,  XUinois,  Sept.  26, 1870. 


sample  cxbtnncatb  fubni8hbd  bt  abstragtbb. 

Stah  of  Illikois, 

Bureau  County,  m; 

I,  F.  W.  Stewart,  abstracter  of  real  estate  titles  in  said  county,  do  hereby  certify 
tflat  I  have  made  a  careful  examination  of  the  land  and  court  records  of  said  county, 
jl^d  that  the  foregoing  examination  of  title,  consisting  of  twelve  (12)  numbers,  num- 
"Aied  from  1  to  12,  inclusive,  contains  all  the  conveyances  of  the  premises  described 
'^the  heading  hereof,  and  all  Judgments,  liens,  causes  in  action,  or  other  matters 
^  reoord  affecting  the  title  of  said  premises.  Further,  that  all  instruments  shown 
'^in  are  in  due  form  and  properly  executed,  unless  duly  noted  herein  to  the  contrary. 
J^t  there  are  no  tax  liens  upon  said  premises;  that,  in  my  opinion  and  belief, 
'iMerick  Bieder  is  the  legal  and  equitable  owner  of  said  premises,  subject  to  mort- 
^  at  No.  12,  herein. 

^Oated  at  PrincetooL  Illinois,  this  the  twenty-second  (22)  day  of  July,  A.  D.  1896, 
•k  10.00  o'clock  a.  m. 

(Signed)  F.  W.  Stewart. 
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J  J  8. 

OPERATING  AND  CARE  OF  ILLINOIS  AND  MISSISSIPPI   CANAL;  CA 
AROUND  LOWER  RAPIDS  OF  ROCK  RIVER  AT  MILAN,  ILL. 

This  canal  is  4^  miles  in  length,  sarmonnting  a  fall  of  18  feet, 
the  works  operated  and  cared  for  include  3  locks,  3  swing  bridg 
sluiceways,  1  arch  cnlvert,  3  lock  hooses,  1  ofSce  bailding,  and  2  ds 

The  canal  was  formally  opened  to  navigation  April  17, 1895. 

On  account  of  three  fixed  bridges  across  Eock  Biver  a  few  o 
above  the  head  of  the  canal,  its  trafSc  is  restricted  to  excursion  < 
and  to  barges  and  to  such  small  steam  craft  as  may  pass  under 
bridges. 

Proceedings  were  instituted  to  compel  the  city  of  Moline  to  alte 
bridge,  but  the  authority  of  the  Secretary  of  War  was  denied  by 
city  of  Moline.  The  United  States  district  court  for  the  northern 
trict  of  Illinois,  in  a  preliminary  ruling,  sustained  the  United  St 
authority,  and  later  a  jury  in  the  trial  of  the  condemnation  cac 
United  States  v,  Maxson  brought  in  a  special  verdict  finding  I 
Biver  to  be  a  navigable  water  of  the  United  States  up  to  and  past 
upper  rapids  of  Bock  Biver  at  Sterling,  111.  The  contention 
apparently  been  closed  by  the  sundry  civil  act  of  July  1, 1898,  w 
allots  $25,000  for  the  construction  of  a  high  bridge  for  the  city  of  M( 
in  lieu  of  the  existing  bridge  complained  of. 

The  canal  and  its  accessory  works  have  been  operated  and  m 
tained  in  good  order  during  the  past  year.  The  main  support 
sluice  gates  were  protected  by  movable  roofs;  repairs  were  mad 
roads,  lock  houses,  and  dams;  2,650  cubic  yards  material  at  mout 
canal  was  removed  by  dredging,  and  willows  planted  along  parts  oi 
canal  banks  for  their  protection. 

During  the  season  of  navigation  boats  and  barges  aggrega 
94,609  tons  passed  the  canal,  carrying  20,430  tons  of  coiJ  and  2 
passengers. 

The  use  of  the  canal  is  restricted  by  the  obstructive  bridges  ac 
Bock  Biver  above  it,  but  the  coal  by  canal  controls  the  price  of  this  m 
sary  article  at  Davenport  and  vicinity,  and  this  result  has  been  in  e: 
ever  since  the  opening  of  the  canal.  A  reduction  of  from  3  to  5  c 
a  bushel,  or  say  $1  per  ton,  on  all  soft  coal  used  has  resulted,  which 
already  justified  the  construction  of  this  part  of  the  canal  as  an  i 
pendent  work.  The  change  in  the  Moline  bridge  will  make  this  c 
an  important  line  of  transportation. 

There  was  expended  during  the  year  ending  June  30, 1898, 94,60! 
exclusive  of  9366.64  outstan^ng  liabilities. 

Money  statement 

Jnly  1, 1897,  balance  nnexpended  (oatBtaiijfling) $81 

July  1,1897,  allotment  for  fiscal  year.... 6,& 

Total ,..      7,  a 

June  30, 1898,  amoont  expended  during  fiscal  year 4,  & 

July  1, 1898,  balance  nnexpended 2,8* 

July  1, 1898,  outstanding  liabilitieB » 

Jnly  1, 1898; balance  available 2,G 
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Dishunemmiii,  fiscal  year  1898, 

Operating  and  earing  for  locks  and  bridges..... $3,772.16 

Dredging  at  entrance  to  lower  look 717.48 

Prop^ty 12.75 

4^502.39 


lUmized  statement  of  expenses  made  from  appropriation  for  operating  and  care  of  canals 
and  other  works  of  navigation,  ind^nite,  applied  to  western  section  Ulinoia  and 
Mississippi  Canal, 


Dttfce. 


No.  of 
Toocher. 


Oct 


Hot. 


1887. 

July    1 

15 

15 

15 

15 

15 

31 

Aug.  13 

13 

Sept    1 

15 

15 

15 

-      15 

15 

5 

5 

5 

15 

2 

5 

5 

5 

5 

30 

Dm.     7 

7 

7 

tl 

1898. 

F^.     1 

Mar.    2 

Apr.    7 

20 

Ifaj    2 

7 

19 


25 

31 

1«M   9 

0 

0 

S 

30 


1 
2 
8 

6 
6 
7 
1 
2 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
1 
2 
8 
4 
5 
6 
1 
2 
8 
4 


1 
2 

1 
2 
1 
2 
8 
4 
5 
6 
7 
1 
2 
8 
4 
6 


To  whom  paid. 


Hired  men 

DelaskftSoatb 

Grerar,  Adams  &  Co 

Bnildera'  Sand  and  Gravel  Co 

Dimock,  Gonld  &  Co 

C.  H.  Dibbem  A  Son 

Hired  men 

DelaskaSonth 

Martin  HKendlg 

Hired  men 

Lindsay  A  Phelps  Co 

Henry  Dart's  Sons 

DelaskaSonth 

L.L.  Wheeler 

Vnloan  Ironworks 

Hired  men 

L.L.  Wheeler 

DelaskaSonth 

B.H.  Warner 

Hired  men 

Cyrns  M.  Michael 

DelaskaSonth 

Blatchf ord  Cartridge  Works 

Thayer  Sc  Jackson  Stationery  Co. 

Hirea  men 

Delaska  Sonth 

Henry  Dart's  Sons 

CHDlbbem  it  Son 

Hired  men 


do 

do 

do 

DelaskaSonth 

Hired  men 

DelaskaSonth 

HL.Franing 

John  H.  Gllmore , 

J.W.Stewart 

The  Trapp  Darling  Co 

Hired  men , 

L.L.  Wheeler 

DelaskaSonth , 

John  Yolk  &Co , 

Henrv  Dart's  Sons..... 
Hired  men 


For  what  paid. 


Services 

Team  hire 

Hardware 

Dredffing  at  lock  37 

Lnmber 

Oil,  etc 

Services  

Hire  of  horse  and  buggy. 

Lockage  blanks 

Services 

Lnmber 

Oil 

Hire  of  horse  and  bnggy. 

Traveling  expenses 

Boat  spikes 

Services 

Traveling  expenses 

Hire  of  horse  and  baggy. 

Lnmber 

Services  

Hanling  rock 

Hire  oinorse  and  bnggy. 

Cartridges 

Job  printing 

Services 

Livery  hire 

Oil 

Screws,  staples,  etc 

Services  


Total 


.....do 

do 

do 

Livery  hire 

Services  

Livery  hire 

Wallpaper 

Flonrand  glne 

Waste.  i>aint,  etc 

Dredging 

Services 

Traveling  expenses 

Hlreot  horse  and  buggy. 

Picture  molding 

Oil 

Services 


Amount. 


$310.87 

10.00 

3.60 

453.48 

87.15 

27.61 

260.18 

5.00 

12.80 

282.10 

8.81 

4.70 

8.00 

16.21 

11.10 

266.20 

10.  K» 

4.00 

77.28 

263.40 

42.12 

7.00 

12.00 

15.00 

250.20 

6.00 

4.75 

3.10 

210.00 


210.00 

210.00 

225.00 

3.00 

274.10 

4.00 

87.65 

2.45 

38.50 

265.00 

266.51 

52.00 

4.00 

2.00 

5.40 

256.00 


4,502.38 


BXPORT  OF  MB.  L.  L.  WHXBLBB.  ASSISTANT  ENOINEXB. 


Stbblikg,  III.,  June  SO,  1898, 

Hajob:  I  have  the  honor  to  submit  the  following  report  on  the  ox>erating  and  oare 
^  canal  around  Lower  Rapids  of  Rock  Riyer  during  the  fiscal  year  ending  June 

"^e  canal  was  closed  to  navigation  NoYember  30  and  opened  again  March  21.    No 
^OQs  aooident  occurred  in  the  operation  of  the  canal  during  the  year,  and  the  con- 
of  the  banks  and  structures  is  practically  the  same  as  at  the  date  of  last 
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report.    The  levels  were  maintained  daring  the  winter  and  permits  were  sold  for 
catting  ice  from  the  canal,  and  the  proceeds,  $116,  transmitted  to  Chicago. 

Movable  roofs  for  main  support  or  foar  sloice  gates  at  Mill  Creek  were  constrncted 
and  painted.  The  roof  of  bridge  tender's  house  was  painted.  Nine  rooms  in  lock 
and  bridge  tenders'  houses  were  papered.  One  hnndred  and  eight  cubic  yards  of 
broken  stone  were  hauled  from  the  guard  look  and  put  on  the  road  in  third  mile. 

The  areas  below  the  dams  were  sounded  in  August}  1897,  and  the  soundines  plat- 
ted. They  showed  that  practically  no  erosion  ha^  taken  place  below  the  north  dam, 
but  that  below  the  south  dam,  where  it  was  founded  on  gravel,  considerable  erosion 
had  taken  place.  It  was  not  considered  enough,  however,  to  in  any  way  endanger 
the  dam.  The  pine  cross  timbers,  which  are  at  the  level  of  the  apron  of  the  dams 
and  form  part  of  it,  were  largely  cut  away  by  ice  falling  over  the  crest.  These  pine 
timbers  were  cut  out  and  replaced  by  oak  pieces. 

During  the  winter  and  spring  sand  was  deposited  by  the  river  at  the  entrance  to 
Lock  37.  Proposals  were  prepared  inviting  bids  for  removing  this  sand  and  the 
contract  let  to  the  Tropp-Darling  Company,  of  Rock  Island,  at  10  cents  per  cubic 
yard,  scow  measurement.  They  removed  2,650  cubic  yards  of  sand  by  means  of  a 
sand  pump,  which  gave  a  good  depth  at  the  entrance. 

The  willow  settings  which  were  planted  in  the  spring  of  1897  as  an  experiment  in 
protecting  embankments  against  wave  wash  nearly  all  lived  and  are  thriving. 

Regulations  for  the  use,  administration,  and  navigation  of  the  canal  were  pre- 
pared, printed,  and  distributed  to  the  proper  persons.  The  commerce  through  the 
canal  is  almost  entirely  confined  to  the  transportation  of  coal  f^om  the  mines  along 
Rock  River  to  the  cities  on  the  Mississippi.  The  coal  trade  has  materially  increased 
since  last  report,  but  on  account  of  low  water  in  the  upper  tributaries  of  the  Missis- 
sippi Rivor  the  demand  for  coal  so  far  this  season  has  been  light.  The  Moline  wagon 
bridge  still  continues  to  obstruct  navigation. 

Herewith  is  a  table  showing  commerce  through  the  canal  since  April  17, 1895,  the 
date  when  it  was  opened  to  navigation.  ^ 

Very  respectfully,  your  obedient  servanty 

L.  L.  Whekler, 
AiHatant  EngtMor. 

Mi^.  W.  L.  Marshall, 

Corps  of  Engineers,  U,  8»  A, 


Traffic  on  the  western  section  Illinois  and  Mississippi  Canal  since  April  17, 1896, 


Steamboats number. 

Bargee do... 

Steamboats tons. 

Barges do... 

Lockages number. 

Passengers do... 

Freight tons. 


Year  ending  June  80— 


1895. 


U 

9 

858 

679 

186 

8,589 

6 


1896. 


150 

115 

4,065 

14,255 

562 

8,634 

1,866 


1897. 


889 

831 

10,037 

46,584 

1,531 

1,151 

9,583 


1896. 


499 

17,800 

76,800 

2,175 

2.279 

20,480 


APPENDIX  K  K. 


MPBOVEMENT   OF  MICHIGAN  CITY  HARBOR,  INDIANA,  AND  OF  RIVERS 
AND  HARBOBS  ON  THE  EASTERN  SHORE  OF  LAKE  MICHIGAN. 


lEfOET  FOR  THB  FISCAL  TEAR  ENDINa  JUNE  SO,  1898,  WITH  OTHER 
mcUMENTS  RKLA  TINO  TO  THE  WORKS,  OFFICERS  IN  CHARGE,  LIE  UT. 
COL.  a.  J.  LYDMCKER  AND  CAPT.  C.  ATD.  TOWNSEND,  CORPS  OF  EN- 
QINSERS, 

nfPBOVBMENTS. 


I  Michigan  City  Harbor,  Indiana. 

2.  81  Joseph  Harbor^  Michigan. 

3.  St  Joseph  River,  Michigan. 

4.  South  Haven  Harbor,  Michigan. 

5.  Sangatnck  Harbor,  Michigan. 

6.  Kalamazoo  River,  Michigan. 

7.  Holland  (Black  Ijake)  Harhor,  Mich- 

8.  GraQd  Haven  Harbor,  Michigan. 

9.  Grand  River,  Michigan. 


10.  Mnakegon  Harhor,  Michigan. 

11.  White  Lake  Harbor,  Michigan. 

12.  Pentwater  Harbor,  Michigan. 

13.  Lndington  Harhor,  Michigan. 

14.  Manistee  Harhor,  Michigan. 

15.  Harbor  of  Refage  at  Portage  Lake, 

Manistee  Coanty,  Michigan. 

16.  Frankfort  Harbor,  Michigan. 

17.  Charlevoix  Harbor,  Michigan. 

18.  Petoskey  Harbor,  Michigan. 


SURVBT. 


19.  Kalamazoo  River,  Michigan. 


(For  letter  of  transmittaly  see  Appendix  L  L.) 


I 


i 


K  Kx. 

niPROYEHENT  OF  MICHIGAN  CITT  HARBOR,  INDIANA. 

"^6  impTovements  here,  dating  from  1836,  have  snppUed  an  '^  inner 
harbor"  for  local  commerce  and  partly  completed  an  "outer  harbor'' 
<ieiigned  to  fiBbciIitate  entrance  to  the  former  and  to  serve  as  a  harbor 
«f  refuge. 

'dinner  harJxMr, — ^This  has  been  made  by  dredging  so  as  to  widen  and 
^^pen  Trail  Greek,  and  by  building  revetments  and  piers  to  protect 
^^  dredged  channel.  Before  improvement  the  creek  was  a  narrow, 
^^^^  stream,  whose  mouth  was  obstructed  by  a  bar  through  which 
^<^ked  channel  from  3  to  4  feet  deep  could  be  found  under  favorable 
^iiditions.  The  work  done  between  1836  and  1869  gave  a  good  entrance 
^Qel  with  a  depth  of  12  feet  at  mean  stages  of  water  in  Lake 

^m  1869  to  1882  nothing  was  done  on  this  portion  of  the  harbor. 
^^t  to  make  occasional  repairs  to  the  piers  and  dredge  the  channel 
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as  needed  to  maintain  the  requisite  navi^ble  depth.  In  1882  the  proj- 
ect of  operations  was  modified  to  provide  for  extending  the  harbor 
upstream,  by  dredging  so  far  as  the  local  authorities  or  property  owners 
might  build  substantial  revetments  of  approved  design.  In  this  way 
the  total  length  of  the  inner  harbor  has  grown  to  be  about  1^  miles 
(9,159  feet).  At  the  beginning  of  the  last  fiscal  year  the  channel  depth 
at  entrance  was  13  feet,  but  above  the  entrance  it  was  from  11  to  12 
feet  only;  the  total  length  of  piers  and  revetments  built  by  the  Grovern- 
ment  was  3,572  feet,  the  width  of  channel  way  between  them  being 
225  feet  at  entrance  and  narrowing  to  100  feet  about  500  feet  above. 

Operations  during  the  last  fiscal  year  were  limited  to  dredging  under 
contract  with  William  A.  Starke,  of  Milwaukee,  Wis.,  as  follows:  In 
August,  1897,  the  lower  winding  basin  was  deepened,  as  also  a  section  of 
the  lower  channel  from  stations  13+50  to  7+50,  a  distance  of  600 
feet:  in  May  and  June,  1898,  a  shoal  that  had  formed  a  short  distance 
inside  of  the  entrance  was  removed  and  the  upper  portion  of  the 
channel  was  dredged.  The  total  amount  excavated  during  the  year 
was  55,534  cubic  yards. 

The  total  exx>endlture  on  the  inner  harbor  fi*om  1836  to  June  30, 1898, 
for  Improvement  and  maintenance,  was  $424,863.28,  of  which  $5,269.82 
were  spent  during  the  past  fiscal  year. 

The  condition  of  the  work  on  the  last-named  date  was  as  follows: 
The  west  pier  had  a  length  of  2,157  feet,  as  built  by  the  Government; 
the  inner  section,  from  Station  0  to  Station  7+85,  has  long  been  occn- 
pied  by  private  parties  and  is  in  very  poor  condition,  but  the  necessary 
repairs  should  be  made  by  the  occupants  or  owners  of  abutting  property, 
as  in  all  other  parts  of  the  interior  channel;  the  outer  section,  compris- 
ing a  length  of  1,372  feet,  must  be  cared  for  by  the  Government,  and 
nc^s  some  minor  repairs  to  keep  it  in  serviceable  condition.  The  east 
pier  has  a  length  of  1,415  feet,  of  which  the  inner  670  feet  is  in  front  of 
private  property  and  in  fd.ir  condition.  The  outlying  section,  about 
745  feet  long,  is  completely  decayed  above  water,  and  about  115  feet  of 
its  outer  end  is  gone  to  a  depth  of  from  1  to  7  feet  below  the  water 
surface.  Th^  channel  depth  at  entrance  was  13  feet  and  inside  it  was 
generally  12  feet,  though  slightly  less  in  some  places. 

The  estimate  for  the  inner  harbor  for  1900  is  as  follows:  For  minor 
repairs  of  piers,  dredging,  and  contingencies,  $7,500. 

Amonnt  appropriated  and  expended  from  1836  to  1869,  inolnsiTe $387, 388.92 

Original  estimated  coet  of  project  for  inner  harbor,  1870,  revised  in  1892 .    131, 375. 00 

Whole  amonnt  appropriated,  1870  to  Jnne  30,  1898 144, 375.00 

Whole  amonnt  expended,  1870  to  Jnne  SO,  1898 137,479.51 

Total  expenditnre  from  1836  to  Jnne  30, 1898 424, 863.28 

Amonnt  carried  to  sorplnsftind 6.15 

Money  statement. 

Jnly  1, 1897,  balance  unexpended $12,166.31 

Jnne  Sk),  1898,  amonnt  expended  during  fiscal  year 6,269.82 

Jnly  1, 1898,  balance  nnexpended 6^  895.49 

July  1, 1^,  outstanding  liabiUties $168.11 

Jnly  1, 1898,  amonnt  coTcred  by  oncompleted  oontracte 8, 668. 86 

3^881.97 

Jnly  1, 1898,  balance  available 3, 063.58 

Amonnt  th  at  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1900     7, 600. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  aoti  of  1866  and  1867  and  of  sundry  dvil  act  of  Juno  i,  1S87. 
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The  <mter  harbor, — ^This  part  of  the  improvement  comprises  work 
done  in  the  execmtion  of  projects  prepared  in  1870  and  1882,  the  former 
proYiding  for  an  enter  basin  located  to  the  east  of  the  entrance  to  the 
inner  harbor,  and  the  latter  for  works  exterior  thereto,  whose  purpose 
was  to  give  increased  safety  for  vessels  enteriDg  daring  heavy  weather 
and  provide  a  sheltered  outside  anchorage  where  vessels  near  this  por- 
tion of  Lakke  Michigan  might  find  refuge  against  all  northerly  gales. 
The  basin  was  completed  in  1885,  the  structures  then  finished  being  as 
follows:  (1^  A  pile  pier,  1,225  feet  long,  extending  in  a  northerly  direc- 
tion from  the  shore,  and  closing  the  basin  on  the  east;  (2)  a  crib  break- 
water, 30  feet  wide,  extending  westwardly  from  the  lake  end  of  the  pile 
pier  for  a  distance  of  1,411  feet,  and  covering  the  basin  on  the  north; 
(3)  the  ^^breakwater  pier,"  a  crib  structure  30  feet  wide,  extendiug 
northward  from  the  west  end  of  the  crib  breakwater  for  a  distance  of 
355  feet,  and  designed,  in  connection  with  the  **  exterior  breakwater," 
then  aoout  to  be  commenced,  to  lessen  the  dangers  attendant  upon 
attempts  to  enter  the  harbor  when  high  seas  prevail.  A  subsequent 
extension  of  150  feet  to  this  pier,  making  its  total  length  505  feet, 
brought  work  relating  to  the  outer  basin  to  the  condition  in  which  it 
has  remained  for  several  years  past.  Progress  on  the  exterior  break- 
water has  been  very  slow,  only  700  feet  of  its  total  projected  length 
having  been  completed  between  1882  and  1895,  and  nothing  has  been 
done  since  then  except  to  make  occasional  repairs. 

Kothing  was  done  on  the  outer  harbor  during  the  last  fiscal  year, 
except  to  replace  a  few  deck  plank  that  had  been  carried  away  by  the 
wash  of  heavy  seas.  The  property  stored  at  the  harbor  was  cared  for 
as  usual  by  the  watchman,  who  is  employed  for  that  purpose,  and  who 
also  maintains  the  lights  at  its  entrance.  This  latter  service  is  a  con- 
siderable tax  on  the  appropriation  for  improvement  and  is  necessary, 
because  the  Light-House  Establishment  has  made  no  provision  for  it. 

The  tot^  amount  expended  in  constructing  and  maintaining  the 
works  connected  with  the  outer  harbor  to  June  30, 1898,  is  $755,279.12, 
of  which  91,318.66  were  spent  during  the  past  fiscal  year. 

The  outer  harbor  will  have  no  value  as  a  harbor  of  refuge  until  the 
exterior  breakwater  is  completed,  for  not  until  then  will  vessels  attempt 
to  enter  the  basin  or  to  anchor  behind  the  breakwater.  The  result  is, 
that  the  only  benefits  thus  far  derived  firom  the  large  expenditure 
applied  to  this  work  are  a  reasonably  safe  entrance  to  the  inner  harbor 
and  an  obstruction  to  the  run  of  high  seas  into  it,  thereby  allowing 
vessels  to  lie  easily  at  the  wharves. 

Since  the  adoption  of  the  project  for  this  breakwater  the  draft  and 
size  of  vessels  have  increased  so  as  to  make  it  highly  important  that 
the  project  be  modified.  This  matter  was  carefully  considered  by  a 
Board  of  Engineers  in  1897,  and  its  recommendations,  together  witii  a 
map  illustrating  them,  are  printed  in  the  Beport  of  the  Chief  of  Engi- 
neers for  1897,  pages  2899  to  2904.  The  estimated  cost  of  completing 
the  work  as  there  recommended  is  $280,150,  or  about  $35,000  more  than 
that  of  finishing  the  original  project^  and,  as  the  latter  is  so  poorly 
adapted  to  present  requirements  that  it  would  be  injudicious  to  pursue 
it  further,  tike  estimate  for  completion  submitted  below  is  that  attach- 
ing to  the  modified  project;  but  these  figures  are  likely  to  be  largely 
exceeded  if  oi>eration8  be  extended  through  several  seasons  under  small 
appropriations.  The  economical  and  judicious  course  would  be  to 
appropriate  $195,000,  which,  with  the  unexpended  balance  of  previous 
appropriatJonBf  oonld  be  made  to  complete  the  work.    The  estimated 
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cost  of  completing,  in  accordance  with  the  original  project,  wonld  be 
9159,613.56,  as  stated  in  the  last  annual  report. 

The  harbor  is  in  the  oolleotion  district  of  Chicago,  111.,  which  city  is  the  nearest; 
port  of  entry.  The  Light-House  Establishment  maintains  a  fifth-order  coast  light 
on  the  main  shore.  There  is  a  life-saving  station  at  the  shore  line  east  of  the  harbor 
entrance. 

Original  estimated  cost  of  project  for  enter  harbor,  1870 $324, 421. 49 

Increase  by  cost  of  repairs  and  maintenance  to  1882 90, 067. 10 

Project  for  outer  breakwater,  including  dredging  of  outer  basin,  1882 . .      587, 000.  QO 

Total  estimate 1,001,488.50 

Whole  amount  appropriated  and  allotted,  1870  to  June  30, 1898 841, 875.  OO 

Whole  amount  expended,  1870  to  June  30, 1898 755,279.12 

Money  statement 

July  1, 1897, balance  unexpended $87,914.54 

June  30, 1898,  amount  expended  during  fiscal  year 1, 318. 6S 

July  1, 1808, balance  unexpended 86,595.89 

(Amount  (estimated)  required  for  completion  of  existing  project 159, 613. 63 
Amount  that  can  be  proii tabl^  expended  in  fiscal  year  ending  J  une  30, 1900  159, 613. 53 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  nnd 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4^  1897. 


Apprapriaiians  for  improving  harbor  at  Ifidhigan  Citff,  Ind, 


Date. 


Outer  harbor. 


July  4, 1886 

March  8, 1887 

July  7. 1838 

June  11, 1844 

August  80, 1852  a 

March  2, 1866  (daim  of  J.  R.  Bowes) 

June  23, 1806 

July  26,1868  (allotment) 

Anril  10,1869  (allotment) 

July  11, 1870 

March  8, 1871 

June  10, 1872... 

Maroh8,1873 

June  23, 1874 

Manh8,1875 

August  14, 1876 

June  18, 1878 

1878(alIotu)ent) 

March  8, 1870 

June  14, 1880 

March  8, 1881 

August  2, 1882 

July  6, 1884 

August  6,1886 

August  11,1888 

September  10, 1880 

July  13,1802 

August  18,1804 

June  8, 1886 


Tottf. 


$25,000.00 
15, 000. 00 
50,000.00 
60,000.00 
50,000.00 
60,000.00 
85,000.00 
60,000.00 
2,500.00 
40,000.00 
40,000.00 
20,000.00 
60,000.00 
40, 000. 00 
54,875.00 
90.000.00 
60,000.00 
30,000.00 
20,000.00 
70,000.00 


841,876.00 


Inner  harbor.        Total. 


$25,000.00 


15,000.00 

25,000.00 

20,000.00 

10, 000. 00 

1,875.00 

5,000.00 

7,500.00 

15, 000. 00 

10,000.00 

10.000.00 


144,876.00 


120,000.00 
30,000.00 
60,733.50 
25,000.00 
20,000.00 
470.38 
75,000.00 
25,000.00 
31,185.00 
25,000.00 
15,  oca  00 
60,000.00 

5o.ooaoo 

60,000.00 
50,000.00 
35,000.00 
75,000.00 
2,500.00 
40,000.00 
55,000.00 
45,000.00 
80,000.00 
50,000.00 
56,?^.  00 
05.000.00 
57,500.00 
45.000.00 
80,000.00 
80,000.00 


1,278,638.0 


a  Amount  earrtod  to  suiplna  fund,  |5J6. 
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AUbracU  of  bids  for  dredging  at  harbors  on  east  share  of  Lake  Michigan,  received  and 
opened  March  SO,  1898,  in  accordance  teiih  advertisement  dated  February  £8, 1898, 


Ko. 
of 
bid. 


«1 
2 
% 
4 
S 

e 


Name  and  address  of  bidder. 


Filliazn  A.  Starke,  Mawaukee,  Wia  . 
C.E.  Mitchell  St.  Co.,  Lndineton,  Midi 

Wis.. 


Sunael  O.  Dixon,  Rftoine,  *t  m  — 
Adolph  F.  Buea,  MilwauKee,  Wis. 
Anbur  H.  Vo^el.  Milwaukee,  Wia. 
Gnen'a  Dredging  Co.,  Chicago,  111. 


Bredeing 

Transfer 

(price 

of  plant 

per  cubic 

(prieeper 
mile). 

yard). 

Cents. 

14 

12.00 

"i 

2.00 

Hi 

8.00 

15 

8.00 

16 

8.00 

16* 

8.fi0 

a  Contract  entered  into  April  9, 1888. 


COITTBJLCTS  IN  VORCK  VOR  IMPROYINO  IKNBR  HARBOR  AT  MICHiaAN  OTTY,  IKD. 

William  A.  Stftrke,  dredging,  dated  March  26, 1897;  approyed  April  9, 1897;  date  of 
beginning,  April  1, 1897 ;  date  of  expiration,  September  15, 1897. 

William  A.  Starke,  dredging,  dated  April  9, 1898;  approved  April  20, 1898;  date  of 
beginning,  April  15, 1898;  date  of  expiration,  Septemoer  15, 1898. 


OOXUEBCIAL   STATISTICS,  MICHIGAN  CITT  HARBOR,  INDIANA,  FOR  OALBND. 

SNDINO  DBCEMBKB  81,  1897. 


Entrances  and  clearances. 


Calendar  year. 


ins. 


ino. 
i»i. 

18R. 


Number. 


1.158 
795 
921 
837 

1,891 


Tonnage. 


208,617 
169,193 
172. 817 
168,654 
443,056 


Calendar  year. 


1893 
1894 
1895 
1896 
1897 


Nnmber. 


1,677 
889 

843 
487 
492 


Tonnage. 


589,868 
U9,929 
91, 016 
106.543 
118,137 


NoTB.— No  record  ie  kept  at  Michigan  City  of  traffic  between  this  port  and  Chicago. 

BeceiptB  by  vessel,  1897. 

[Oompiled  ihnn  atatementa  fiimiahed  by  the  collector  of  cnatoms  at  Chicago,  HI.,  and  the  Michigan 

City  harbor  board.] 


Axtidea. 


Cod 

Rsh 

f  rHit,  misceUaneouB . 

Jwnorore 

wuBber 

Mttcfaandise,  general 


Tons. 


800 
175 
26 
700 
115,838 
185 


Articles. 


Potatoes. 

Salt 

Ties..... 


Total 


Tons. 


340 
8,806 
4,100 


130,970 
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KK2. 

mPBOVEMENT  OF  ST.  JOSEPH  HABBOR.  MICHIGAN. 

The  object  of  improvemeuts  ander  the  present  approved  project 
provide  and  maintain  a  navigable  depth  of  16  feet  ffom  Lake  Micl 
to  the  npper  limits  of  the  harbor,  and  of  13  feet  for  an  additiona 
tance  of  abont  1  mile  through  the  Benton  Harbor  OauaJ.  Wort 
commenced  in  1836,  when  the  natural  entrance  from  Lake  Michigai 
through  a  shifting  channel,  with  depths  fluctuating  between  3  i 
feet.  The  improved  channel  is  between  piers  270  feet  apart,  but  v 
do  not  extend  far  enough  into  Lake  Michigan  to  provide  an  enti 
depth  of  more  than  12  feet,  and  that  only  by  repeated  dredgings. 

At  the  beginning  of  the  last  fiscal  year  the  condition  of  the  ht 
piers  and  revetments  was  as  follows: 

]^orth  pier  and  revetment,  comprising  836  feet  of  pile  work  and 
feet  of  crib  work,  had  a  total  length  of  2,017  feet  and  projected  s 
960  feet  beyond  the  shore  line. 

South  pier,  comprising  606  feet  of  pUe  work  and  213  feet  of  crib  ^ 
had  a  total  length  of  819  feet  and  projected  about  520  feet  froc 
shore  line;  the  piers  terminated  respectively  at  the  curves  of  20 
15  feet  depths  in  Lake  Michigan.    A  section  of  the  north  pier  37^ 
W  long  was  undergoing  repairs  amounting  to  a  practical  reconstrac 

an  additional  length  of  303  feet  needed  similar  treatment,  and 
remaining  length  of  1,339  feet  was  in  good  or  fair  condition.  The  6 
pier  had  lost  a  large  portion  of  its  filling  and  commenced  to  show  ui 
takable  indications  that  reconstruction  would  soon  be  imperative. 

Operations  during  the  last  fiscal  year  comprised  dredging  in 
and  August,  1897,  and  again  in  May  and  June,  1898,  the  total  am 
excavated  being  35,542  cubic  yards.  Work  under  a  contract 
Eslow  &  Munroe,  of  Oharlevoix,  Mich.,  for  rebuilding  375  linear  f< 
the  north  pier  had  been  commenced  May  26, 1897,  and  was  conti 
until  October,  1897.  The  work  then  completed  consisted  in  cu 
away  the  old  pier  above  the  level  of  zero  of  gauge,  driving  a  n 
triple  sheet  piling  of  3  by  12  inches  by  24  feet  white-pine  planks  oi 
channel  face,  with  a  row  of  whiteoak  round  piles  4  feet  between  cei 
along  the  front,  and  building  a  new  6-course  superstructure,  18 
wide,  on  top.  The  projecting  low  part  of  the  old  substructure  oi 
north  side  was  decked  with  6  by  12-inch  timber.  The  pier  was  re 
with  stones  saved  from  the  old  work,  and  decked  with  3  by  12 
planks. 

The  result  of  the  dredging  was  to  maintain  navigation  throng] 
harbor  and  canal,  but  the  money  available  was  not  sufficient  to 
vide  such  a  channel  as  the  local  commerce  required ;  this  was  espec 
the  case  respecting  the  depth  at  entrance,  which  became  so  red 
that  the  large  steamer  City  of  Duluth  struck  heavily  in  attemptii 
make  the  harbor  last  winter,  while  a  high  sea  was  running,  and  be 
a  total  wreck.  The  result  of  the  repairs  to  the  pier  was  to  conv 
wholly  dilapidated  and  unserviceable  section  into  a  substantial  i 
tight  structure,  and  make  it  practically  as  good  as  new.  In  all  i 
respects  the  condition  of  the  channel  and  harbor  piers  was  abon 
same  at  the  close  as  at  the  beginning  of  the  year,  but  the  serious 
dition  of  the  south  pier  had  become  much  more  apparent.  The  s 
able  depth  into  and  through  the  harbor  and  Benton  Harbor  Oanal 
13  feet,  as  a  result  of  tiie  dredging  done  in  May  and  June;  bat  ei 
ence  ediows  that  this  depth  wiU  not  last  long,  and  as  there  is  no 
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money  for  fartlier  operations  at  this  harbor  it  is  very  likely  that  local 
oommeroe  will  become  seriously  affected  daring  the  ensuing  fiscal  year. 

The  total  exx>enditare  for  improvements  and  their  maintenance  from 
•1836  to  Jane  30, 1898,  was  $490,614.32,  of  which  $11,570.58  were  spent 
during  the  last  fiscal  year. 

In  order  to  accomplish  and  maintain  the  improvements  called  for  by 
the  present  approved  project  it  is  essential  that  the  remaining  nuserv- 
ioeable  parts  of  the  old  piers  be  thoronghly  repaired,  that  the  piers  be 
extended  to  at  least  18  feet  of  water  beyond  the  oater  bar,  and  that 
both  sides  of  the  Benton  Harbor  Oanal  be  protected  by  sand-tight 
leyetments;  bat  this  last  item  shoald  not  be  at  the  expense  of  the 
United  States.  The  canal,  which  is  wholly  artificial,  was  started  by 
local  enterprise,  and  was  bat  little  more  than  a  ditch  when,  in  1880,  the 
United  States  nndertook  to  do  the  dredging  required  to  make  it  a  com- 
mercial waterway  100  feet  wide  and  13  feet  deep,  but  this  was  done 
mbjectto  the  express  agreement  by  the  local  anthorities  that  they 
would  caase  sabstantial  revetments  to  be  made  and  maintained  on 
both  sides.  The  United  States  has  &ithfally  carried  oat  its  part  of  the 
bargain  for  eighteen  years,  but  tiiie  local  anthorities  have  not,  and  it 
wodd  now  seem  to  be  highly  proper  for  the  former  to  snspend  work  on 
this  canal  nntil  the  latter  have  complied  with  their  obligations  respect- 
^S%  by  caasing  the  proper  revetments  to  be  bnilt  and  maintained. 
This  principle  is  strictly  adhered  to  at  the  neighboring  harbor  of  Mich- 
igan City,  thongh  the  interior  navigation  there  is  throagh  an  improved 
natural  waterway,  while  that  from  St.  Joseph  to  Benton  Harbor  is 
altogether  artifidaL 

The  estimated  cost  of  completing  and  maintaining  the  improvement 
under  tbe  present  approved  project  is  as  follows: 

^  linear  feet  of  crib  pier  extension $85^000 

fiebailding  south  pier,  820  linear  feet,  at  $25  per  linear  foot 20, 500 

HinorrepairBof  other  parts  of  old  piers 2,000 

Dredging,  two  seasons 10,000 

Mftkiog  in  aU,  with  due  aUowance  for  engineering,  supervision,  and  office 
oontingencies 127,000 

A  special  report  in  relation  to  this  harbor  was  snbmitted  to  Con- 
gress in  response  to  a  concarrent  resolation  of  Febraary  1, 1898,  and 
printed  as  Hoase  Doc  307,  Fifty-fifth  Oongress,  second  session,  and  is 
Babmitted  herewith. 

The  harbor  ia  in  the  Grand  Haven  coUeotion  district,  and  the  nearest  port  of  entry 
is  Grand  Haven,  Mich.  The  Lieht-Honse  Establishment  maintains  a  fonrth-order 
iSTolying  coast  light  on  the  blnn  sonth  of  the  harbor,  and  range  lights  and  fog-bell 
on  the  north  pier.    There  is  a  life-saving  station  near  the  east  end  of  north  pier. 

Original  estimated  cost  of  work  as  revised  in  1892 $519,113.00 

Whole  amount  expended  to  June  30, 1898 490,614.32 

M(mey  statement 

July  1, 1897,  balance  unexpended $14,068.46 

June  SK),  li^,  amount  expended  during  fiscal  year 11,570.58 

Jaly  1, 1898,  balance  unexpended 2,497.88 

%  1, 1898,  outstanding  liabmties 251.69 

Jttly  1, 1898,  balance  avaUable 2,246.19 

IAmoont  (estimated)  required  for  completion  of  existing  project 100, 000. 00 
Amonnt  that  can  beprontabl^  expended  in  fiscalyear  ending  Jane  30,1900  127, 000. 00 
Submitted  in  compliuice  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


I 
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AppropriationB  for  improving  8i,  Joseph  Harbor  and  Biver,  Michigam. 


July  4, 1836 $20,000 

March  3, 1837 16,000 

July  7, 1838 51,113 

March  3,1843 25,000 

June  11, 1844 20,000 

August  30, 1852  a 10,000 

June  28, 1864  (allotment) 15, 000 

June23,1866 6,000 

March  2,1867 23,000 

Allotted  from  harbors  on 
North  western    Lakes, 

1867 $7,500 

Transferred    in    1870    to 
Grand  Haven  Harbor . .        500 

7,000 

July  11. 1870 15,000 

March  3, 1871 10,000 

Junol0,1872 3,000 


June28,1874 $2,000 

March3,1875 35,000 

August  14, 1876 12,000 

Junel8,1878 12,000 

March  3, 1879 6,000 

June  14,1880 8,000 

March  ^1881 10,000 

August  2, 1882 12,000 

July  6, 1884 15,000 

August  5, 1886 10,000 

August  11, 1888 12,000 

September  19, 1890 20,000 

July  13, 1892 69,000 

August  18, 1894 30,000 

June3,1896 1...  30,000 

Total 483,113 


OOSTRAOTS  TS  FORCE  FOB  IMPBOYING  HABBOB  AT  8T.  JOSEPH,   MICHIGAK. 

William  A.  Starke,  dredging,  dated  March  26, 1897:  approved  April  9, 1897;  date  of 
beginning  April  1, 1897 ;  date  of  expiration  September  15, 1897. 

Eslow  Sl  Munroe,  pier  work,  dated  May  3,  1897;  approved  May  20,  1897;  date  of 
beginning  May  1, 1897;  date  of  expiration  October  1, 1897. 

William  A.  Starke,  dredging,  dated  April  9,  1898;  approved  April  20, 1898;  date  of 
beginning  April  15, 1898;  date  of  expiration  September  15, 1898. 


BEPOBT  OF  OAPT.  0.  M'D.  TOWNSEND,  OOBPS  OF  ENGINEEBfl,  IH 
BEPEBENCE  TO  A  MODIFICATION  OF  THE  PLAN  FOB  THE  IMPBOVE- 
MENT  OF  THE  HABBOB  AT  ST.  JOSEPH  AND  BENTON  HABBOB,  MICH. 

[Pdnted  in  Hoom  Doa  No.  307,  Fifty-fifth  Congreas,  Mcond  session.] 

United  States  Enginebb  Offiob, 
Onmd  Rapids^  Mioh.j  December  13j  1897. 

Genebal:  I  have  the  honor  to  transmit  the  following  report  in 
compliance  with  the  Department  indorsement  of  November  26,  1897, 
on  the  letter  of  November  20,  from  the  Hon.  £.  L.  Hamilton  to  the 
Secretary  of  War,  in  reference  to  a  modification  of  the  plan  for  the 
improvement  of  the  harbor  at  St.  Joseph  and  Benton  Harbor,  Mich. 

The  harbor  of  St.  Joseph  is  formed  by  the  junction  of  the  St.  Joseph 
and  Paw  Paw  rivers,  and  extends  along  the  city  front  of  St.  Joseph 
with  a  width  of  about  800  feet  in  its  natural  state,  ultimately  to  be 
reduced  to  a  width  slightly  exceeding  300  feet  when  wharves  are  con- 
structed on  the  harbor  lines  recently  approved  by  the  Secretary  oF 
War.  Benton  Harbor  is  connected  with  St.  Joseph  Harbor  by  a  canal 
about  1  mile  in  length  and  100  feet  in  width.  The  outlet  of  the  harbor 
into  Lake  Michigan  is  protected  by  piers  constructed  of  piling  and. 
timber  cribs,  having  a  width  between  them  of  270  feet. 

The  project  for  its  improvement  provides  for  a  navigable  channel  of 
a  depth  of  16  feet  from  Lake  Michigan  to  the  upper  limits  of  the  city" 
of  St.  Joseph,  and  of  13  feet  thence  to  Benton  Harbor,  and  will  require 
the  extension  of  the  north  pier  850  feet  to  complete  it.    The  north  pier 


a  Amount  carried  to  Burplus  fund,  SO  centa. 
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bfts  recently  been  rebailt,  and  under  the  existing  project  the  next 
appropriataon  will  be  employed  in  extensive  repairs  to  the  south  pier, 
ihicb  Ib  in  a  precarious  condition.  If  the  modifications  of  the  project 
whicb  Mr.  Hamilton  suggests  are  to  be  made,  Congressional  action  is 
desirable  before  fuii^her  work  is  undertaken. 

As  a  suTYey  of  this  harbor  has  not  been  authorized,  I  inclose  a  tra- 
dug*  giving  contours  deduced  from  the  last  general  survey  (in  1894)  and  ' 
Boaudiogs  in  tbe  channel  taken  after  the  close  of  this  season's  opera- 
tions, which  indicate  that  no  material  change  of  conditions  has  occurred 
ante  the  date  of  survey. 

The  harbor  is  annually  dredged  to  the  depth  required  by  the  project, 
and  as  regularly  refills.  A  fiood  in  either  the  Paw  Paw  or  St.  Joseph 
Kiver  brings  down  a  large  amount  of  sand,  which  is  liable  to  form  a 
bar  near  their  jqnction  having  depths  over  it  not  exceeding  10  feet, 
and  stonns  in  Lake  Michigan  obliterate  the  channel  dredged  beyond 
the  end  of  tbe  south  pier.  A  bar  with  a  depth  over  it  of  about  12  feet 
tends  to  form  between  the  ends  of  tlie  north  and  south  piers.  Sand 
flows  into  the  channel  around  the  end  of  the  north  pier,  and  an  outer 
bar  develops  about  600  feet  beyond  the  north  pier.  The  depths  on 
these  bars  are  modified,  not  only  by  the  direction  of  storms  in  Lake 
Michigan,  but  by  the  stage  of  the  rivers  which  here  empty  into  it. 

The  further  extension  of  the  north  pier,  as  provided  for  in  the  exist- 
ing project,  may  increase  the  depths  over  these  bars,  but  the  experience 
at  this  harbor  has  been  sufficient  to  show  that  it  can  not  alone  prevent 
their  recurrence.  While  the  storms  from  the  north  to  west  have  a 
greater  intensity  at  this  harbor  than  those  from  any  other  direction, 
due  to  the  extent  of  lake  over  which  they  sweep,  a  gale  from  the 
southwest  has  sufficient  force  to  move  large  quantities  of  sand.  The 
frequency  with  which  southwesterly  winds  occur  compensates  to  some 
extent  for  their  lack  of  intensity,  particularly  in  the  shoal  water  to 
which  the  piers  now  extend,  nor  can  the  flow  of  the  rivers  be  relied 
upon  to  correct  their  influence,  as  at  the  time  the  lake  storms  have  the 
S^^test  violence  the  river  flow  is  the  least. 

4^  explaine<l  by  Mr.  Hamilton,  the  commerce  at  this  harbor  is 
y^pidly  increasing,  and  the  recent  introduction  of  car  ferries  gives  an 
^portance  to  its  winter  navigation  that  it  did  not  formerly  possess. 
Dnringthe  i)eriod  that  the  Straits  of  Mackinac  and  the  St.  Marys  River 
ATO  closed  by  ice,  and  the  ferriage  of  cars  across  Lake  Michigan  has 
tbeieforeits  greatest  influence  in  modifying  rates  on  transcontinental 
^ipments  of  freight,  the  formation  of  bars  in  front  of  this  harbor  is 
Biost  liable  to  occur^  and  can  be  removed  by  dredging  only  with  great 
diflBculty,  A  modification  of  the  existing  project  I  therefore  consider 
worthy  and  justified  by  the  interests  involved. 

The  question  of  the  width  between  piers  requires  careful  considera- 
QOD.  Xo  fadlitate  the  entrance  of  vessels  during  storms,  as  great  a 
l^dth  as  practicable  should  be  given  to  the  harbor  entrance,  but  it  must 
^  borne  in  mind  that  the  entrance  of  waves  will  also  be  facilitated 
thereby.  The  established  distance  between  harbor  lines  at  St.  Joseph 
^(Thtly  exceeds  300  feet,  and  affords  little  space  in  which  waves  can 
^porse  after  entering  the  harbor.  A  width  of  400  feet  between  piers 
^tflieir  outer  ends,  narrowing  to  300  feet  at  the  shore  line,  as  proposed 
V  Mr.  Hamilton,  would  form  a  funnel-shaped  entrance  which  would 
^^pose  the  entire  harbor  to  the  full  force  of  a  westerly  gale.  Under 
^^iBting  conditions  waves  sometimes  enter  the  harbor  with  sufficient 

'Kot  reprinted.   Printed  in  HooBe  Doo.  No.  307;  Fifty-fifth  Congress,  second  session. 
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force  to  render  it  dangerous  for  small  craft  to  lie  at  the  wharves.  The 
removal  of  the  existing  south  pier  is  not  therefore  considered  advisable. 

The  large  freighters,  of  lengths  exceeding  400  feet,  are  now  employed 
economically  between  large  centers  of  commerce,  such  as  Ohieago  and 
Duluth  on  the  one  hand,  and  Cleveland  and  Buffalo  on  the  other,  bat 
their  profitable  employment  in  the  commerce  of  cities  situated  like  Ben- 
ton Harbor  and  St.  Joseph  is  yet  to  be  demonstrated.  There  is,  how- 
ever, a  necessity  for  depths  that  will  admit  safely  the  large  car  ferries, 
which  have  a  length  of  about  300  feet  and  a  draft  of  14^  feet.  Such  a 
boat  will  require  a  depth  of  at  least  15  feet  through  the  Benton  Harbor 
Canal,  and  of  at  least  18  feet  at  the  harbor  entrance  to  prevent  strik- 
ing the  bottom  during  storms.  With  such  depths  the  largest  freighters 
could  enter  the  harbor  during  fair  weather,  and  if  it  is  shown  that  there 
is  a  demand  for  this  class  of  vessels  the  project  can  then  be  fdrther 
modified  so  as  to  afford  them  ample  security  during  storms. 

To  deepen  the  harbor  over  the  entire  area  included  between  harbor 
lines  to  the  depths  above  indicated,  and  construct  a  turning  basin  at 
the  upper  end  of  the  Benton  Harbor  Canal  of  a  capacity  required  by 
large  freighters,  will  require  the  excavation  of  816,880  cubic  yards  of 
material.  The  present  needs  of  the  harbor  will,  however,  be  served  by 
the  excavation  of  a  channel  way  150  feet  wide  along  the  front  of  the 
city  of  St.  Joseph,  with  a  turning  basin  at  the  mouth  of  the  St  Joseph 
Eiver,  which  to  some  extent  will  also  act  as  a  catch-basin  for  saud 
during  floods  in  that  river.  Further  development  can  be  postponed 
until  the  commercial  growth  of  the  harbor  demonstrates  the  necessity. 

I  have  therefore  to  recommend  the  following  modifications  of  the 
existing  project  for  the  improvement  of  St.  Joseph  Harbor:  That  the 
north  pier  be  extend^  to  the  20foot  contour  and  the  south  pier  to 
the  18  foot  on  a  line  parallel  to  it,  as  shown  on  the  accompanying  tra- 
cing: that  the  entrance  to  the  harbor  and  a  space  150  feet  wide  along 
the  city  front  of  St.  Joseph  be  dredged  to  a  depth  of  18  feet,  and  that 
the  Benton  Harbor  Canal  and  a  turning  basin  at  the  mouth  of  the  St, 
Joseph  River  be  dredged  to  a  depth  of  15  feet.  The  following  is  an 
estimate  of  the  cost  of  the  work:  . 

Pier  extenBion : 

2,000  feet,  at  $110 $220,000 

800  feet,  at  $90 72,000 

Kepaire  to  piers 20,000 

Dredgine: 

St.  Joseph  Harbor,  128,100  cnbic  yards,  at  15  cents 19,365 

Benton  Harbor  Canal  and  turning  basin,  99,300  cnbic  yards,  at  15  cents.  14, 895 

346,200 
Contingencies : 33,740 

Total 380,000 

It  is  also  estimated  that  there  will  annaally  be  required  for  mainte- 
nance at  this  harbor  $10,000.  The  sands  carried  into  the  harbor  by 
spring  floods  can  not  be  carried  to  deep  water  in  the  lake  by  the  river 
discharge  anless  the  waterway  be  contracted  to  an  extent  that  would 
preclude  navigation  by  large  vessels.  The  works  herein  proposed  will 
protect  the  harbor  from  the  formation  of  bars  caused  by  the  waves  of 
Lake  Michigan.  The  deposit  from  floods  occurs  at  a  period  .when  it 
can  be  readily  removed  by  dredging. 

Very  respectfully,  your.obedient  servant, 

O.  MoD.  TOWNSEND, 

CaptaiUy  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers.  U,  S,  A. 
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OOVMBRCIAI.  STATISTICS,  ST.  J08KPH  AND  BENTON   HARBOR,  MICH.,  FOB    CALENDAR 

TEAR  ENDING  DECEMBER  31,  1897. 

Enirance$  and  elearaneet. 


Calendftr  jear. 


IKO. 

iftn 
iiee 

1897 


YmmIc  entered. 


Namber. 


Tonnage. 


.948 

181,007 

742 

210.334 

1.726 

707,285 

1,678 

1,125.083 

1,100 

900,000 

770 

827.384 

835 

439,031 

842 

885,916 

Yeasele  cleared. 
Namber. 


Tonnage. 


946 

131.896 

743 

815, 591 

1,727 

707.785 

1,675 

1,125.938 

1,100 

900.000 

727 

827.837 

838 

485,038 

849 

848,040 

ENTRANCES  AND  CLEARANCES  AS  llBPORTED  BY  GRAHAM  A  MORTON  TRANSPORT 

TATION  COMPANY. 


ISOi 


989,082 


RttdpU  and  Bkipmentt  h§  reB§el  at  St  Joseph  and  Benton  Harbor ^  Mich,,  1897, 

[Compiled  from  atatementii  f amis  bed  by  the  Grabam  ic  Morton  TranHportAtion  Company  of  Benton 
Harbor,  Micb.,  and  the  ooUeotor  of  caatoma  at  Grand  Haven,  Micb.] 


Articl«i  received. 


Coal 

Yloor 

Grain 

Gravel 

Hay  and  feed 

Line  and  oemeiit 

Uveaiock 

Limiber 

Machinery 

Merehantf  iae,  general 

Paper. 

Pic  iron 

Bait 

Weed 

Total 


Tone. 

1,420 

77,019 

18,174 

724 

4,825 

2.868 

87 

22,904 

225 

125,868 

2.135 

1,996 

14,894 

335 

267,752 

Artlclea  shipped. 


Fish 

Floor 

Fmit 

Hay  and  feed 

Lime  au<l  cement . . . . 

Livestock 

Logs 

Lnmber 

Macbinerv 

Merchandise,  j^enorul 

Paper 

Pig  iron 

PotAtoea 

Salt 

Total 


Tons. 


268 

8.767 

41,658 

60 

606 

59 

560 

1,725 

375 

71,661 

1,063 

1,325 

1,546 

3,347 


128,017 


In  addition  to  classified  tonna<;e,  car  forries  carried  39,625  freight  carS;  average 
weight  21  tons,  making  832,126  tons. 


K  K  3. 

IMPROVEMENT  OF  ST.  JOSEPH  RIVER,  MICHIGAN. 

This  18  a  very  crooked  stream,  obstructed  by  imineroas  shoals  and 
npples  over  which  the  water  flows  in  thin  sheets,  with  depths  in  cban- 
nel  crossings  of  from  24  to  30  incbes ;  the  intervening  pools  are  gener- 
ally from  4  to  8  feet  deep.  The  only  part  now  navigated  is  from  the 
month  at  St.  Joseph  to  Berrien  Springs,  a  distance  of  abont  25  miles 
by  river,  while  the  land  distance  between  the  same  points  is  but  little 
more  tban  half  that. 

A  project  for  improving  this  section,  to  the  extent  of  providing  a  low- 
water  channel  3  feet  deep,  was  approved  March  27, 1889,  and  has  been 
followed  as  far  as  possible  with  the  small  appropriations  that  have  been 
made  since  that  time.    The  work  has  consisted  in  removing  snags  and 
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sunken  logs,  closing  secondary  channels  by  dams  made  of  logs,  brash 
and  stone,  and  building  and  maintaining  wing  dams  of  similar  construc- 
tion for  concentrating  the  flow  in  other  parts  of  the  stream  ;  many  of 
the  worst  places  have  been  thereby  improved  to  the  required  extent, 
but  other  shoals  remain  unimproved,  and  the  inexpensive  dams  hereto- 
fore constructed  call  for  repairs  and  additions  from  year  to  year. 

Daring  the  past  fiscal  year  two  new  wing  dams  were  built,  one  being 
at  Shaker  Farm,  the  other  at  Hipp's  Shoal ;  repairs  were  made  to  dams 
at  Hipp's  Shoal,  Twin  Springs,  Brown's  Shoal,  Sawyer's  Landing,  Ta- 
bor's Landing,  King's  Landing,  and  Long  Eeach,  and  a  number  of  snags 
were  removed  at  various  points. 

The  total  expenditure  for  improvement  and  repairs  to  June  30, 1898, 
was  $5,285.74,  of  which  $423.72  were  expended  during  the  last  fiscal 
year. 

The  cost  of  improving  the  stream  was  estimated  in  1880  at  $11,300, 
but  that  estimate  related  to  cmt  of  original  construction  only.  Im- 
provements of  this  character  require  more  or  less  work  each  year,  and 
the  cost  of  completion  is  wholly  a  matter  of  how  long  the  work  is  to  be 
kept  up,  and  the  average  annual  cost  of  doing  it.  In  the  present  instance 
the  mean  annual  expenditure  has  been  $500,  and  experience  shows  that 
it  is  too  little  to  accomplish  what  the  approved  project  requires,  but  $750 
would  probably  suffice ;  on  this  basis  the  next  appropriation  should  be 
$1,500  if  the  improvement  is  to  be  maintained,  and  the  established 
custom  of  making  such  appropriations  only  once  in  two  years  is  adhered 
to.    The  estimate  submitted  below  is  therefore  put  in  that  form. 

Amount  required  for  maintaining  improvement  to  June  30,  1901 $1, 500. 00 

Amount  that  can  be  profitably  expended  in  year  ending  June  30,  1900.. .  750.00 

Money  statement 

Jnly  1,  1S97,  balance  unexpended..... $637.98 

June  30,  1898,  amount  expended  during  fiscal  year 423. 72 


July  1, 1898,  balance  unexpended 214.26 


'Amount  (estimated)  required  for  completion  of  existing  project 5, 800. 00 

Amount  that  can  be  profitably  expended  in  fiscal  year  end  ing  J  une  30, 1900  1, 500. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Appropriations  for  improving  St.  Joseph  Biver,  Michigan, 

August  11,  1888 $2,500 

September  19,  1890 , 1,000 

July  13,  1892  (allotment) .^ 1,000 

August  18,  1894 : 500 

June3,  1896 500 

Total , 6,SD0 

Whole  amount  expended  to  June  30,  1898,  5,285.74. 


GOMMKRCIAL    STATISTICS,    ST.    JOSEPH    RIVER,     MICHIGAN,     fOR    CALENDAR    TEAR 

ENDING  DECEMBER  31,   1897. 

The  steamers  May  Grahnm  and  Tourist  carried  30,(X)0  passengers  and  6,175  tons 
miscellaneous  freight  between  St.  Joseph  and  Berrien  Springs. 


ace  vidtb  between  piers  177  feet  and  extend  the  naviguble  cliAiniel 
earn  to  the  highway  bridge,  abont  halt'  a  mile  above  the  piers.  The 
length  of  piera  and  revetmeuts  built  up  to  the  year  18S8  aggregated 
feet,  and  no  extensipna  have  been  made  to  them  since  that  time, 
the  beginning  of  the  last  flacal  year  the  condition  of  the  harbor 

and  revetments  was  as  follows :  North  pier  and  revetment,  com- 
ig  607  feet  of  crib  work  and  987  feet  of  pile  work,  had  a  total  length 
94  feet  and  projected  aboat  650  feet  beyond  the  shore  Hue;  sonlb- 
tnd  reretment,  comprising  657  feet  of  crib  work  and  9U7  feet  of 
ork,  had  a  total  length  of  1,554  feet  and  projected  470  feet  beyond 
lore  line;  the  piers  reached  reapectively  to  the  curves  nf  12  iind  9 
lepthain  Lake  Michigan.  The  available  depth  at  entrance  was  12 
m  a  resnlt  of  some  dredging  that  had  jnst  been  completed. 
ren  handred  and  eighty  linear  feet  of  piers  are  from  twenty  to 
r  years  old,  and  most  of  this  distance  should  be  rebuilt  above  water 
int  delay. 
wntract  bad  been  entered  into  with  Ealow  &  Mniiroe,  of  Gharle- 

Mich.,  for  an  esteusion  of  3U0  feet  to  the  south  pier,  bat  up  to  the 
loing  of  the  last  fiscal  year  only  a  part  of  the  necesNary  material 
»een  delivereil.  Work  was  commenced  July  14,  and  continued  till 
smber  16,  when  operations  ceased,  as  the  resnlt  of  a  storm  which 
place  that  night.    The  work  that  had  been  in  progress  was  intended 

a  F and  tight  pier,  with  WakeSeld  sheet  piling  on  front  and  rear, 
n  cross  walls  at  each  end  and  intermediately  at  intervals  of  4M  or 
Bt;  the  spaces  inclosed  by  the  sheet  piling  were  to  be  compnctly 

with  sand.  The  stractnre  was  of  such  a  nature  that  it  could  not 
[pected  to  be  safe  against  any  severe  storm  until  the  filling  was  in 
,  and  the  contractor's  failure  to  carry  on  his  work  with  any  regard 
ever  for  this  imi>ortant  consideration  was  the  ^ole  cause  of  the  dis- 

that  befell  him.    The  condition  of  his  work  September  16  was  as 
rs: 
the  front  wall,  220  linear  feet  of  the  round  piling,  part  of  the  wnle 


2502      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 

The  only  other  work  done  at  the  harbor  dariug  the  year  was  by 
William  A.  Starke,  of  Milwaakee,  Wis.,  aoder  his  contract  of  April  9, 
1898.  This  work  was  commenced  May  26  and  completed  June  13, 1898, 
and  consisted  in  dred^ng  a  channel  75  feet  wide  and  17  feet  deep, 
extending  from  a  point  400  feet  ontside  to  one  aboat  100  feet  inside  of 
the  harbor  piers,  and  its  extension  with  a  width  of  50  and  depth  of  15 
feet  for  a  farther  distance  of  800  feet  inside.  A  single  cat  25  feet  wide, 
15  feet  deep,  and  about  300  feet  long  was  also  made  near  the  upper  end 
of  the  harbor  to  facilitate  approach  to  the  turning  basin  at  that  place. 
The  total  amount  dredged  was  13,766  cubic  yards,  and  while  the  result- 
ant benefits  will  be  only  temporary,  they  will  probably  last  long  enoagh 
to  permit  a  draft-of  from  11  to  12  feet  until  the  close  of  the  busy  season. 

Ko  work  having  been  done  on  the  old  piers  or  revetments,  they  remain 
at  the  end  of  the  year  about  as  they  were  at  its  beginning,  but  somewhat 
worse  as  a  result  of  the  additional  wear  and  tear. 

The  total  expenditure  for  improvements  aud  their  maintenance  to 
June  30, 1898,  was  $235,636.31,  of  which  $4,807.84  were  spent  during 
the  last  fiscal  year. 

When  the  south  pier  extension  now  in  progress  is  finished  the  pres- 
eint  approved  project  of  construction  will  be  completed,  but  the  naviga- 
ble depth  called  tor  by  that  project  can  not  be  obtained  and  kept  until 
both  piers  are  extended  to  at  least  the  14-foot  curve  in  Lake  Michigan. 
This  would  require  further  extensions  of  300  and  100  feet  to  the  north 
and  south  piers,  respectively,  but  no  estimate  for  such  work  has  yet 
been  called  for  or  authorized. 

For  maintenance  of  the  improvement  extensive  repairs  of  the  old 
piers  are  urgently  needed,  and  aunual  dredging  can  not  be  dispensed 
with  if  navigation  is  to  be  kept  up.  At  least  $15,000  is  required  for 
these  purposes,  including  supervision,  engineering,  and  office  expenses. 

A  special  report  in  relation  to  this  harbor,  dated  January  21, 1897, 
was  submitted  to  Congress  by  the  officer  then  in  charge  of  the  work,  in 
compliance  with  the  provisions  of  the  river  and  harbor  act  of  June-S, 
1896,  and  published  as  House  Ex.  Doc. 279,  Fifty-fourth  Congress,  second 
session.  The  estimated  cost  of  what  is  needed  to  accomplish  the  pres- 
ent approved  plan  of  improvement  was  then  as  follows,  and  I  concur  in 
that  estimate: 

Repairs  to*t)iIe  revetment,  1,130  feet,  at  $12 $13,560 

Repairs  to  cribs,  708  feet,  at  $12 8>496 

Repairs  to  cribs,  405  feet,  at  $15 6,075 

Pier  extension,  700  feet,  at  $90 63,000 

Dredging,  50,000  oabic yards, at  15  cents 7,500 

9S,63L 
Contingencies 9,86^ 


Total 108, 

This  harbor  is  in  the  Grand  Haven  coUection  district,  and  the  nearest  port  of  enl 
is  Grand  Haven,  Mich.    The  Liglit-Honse  Establishment  maintains  a  harbor  light  ohzb. 
the  south  pier.    There  is  a  life-saving  station  near  the  inner  end  of  the  north  pier. 

Original  estimated  cost  of  work,  1866,  amended  in  1869, 1872,  and  1892  . . .  $262, 000.  OO 
Whole  amount  expended  to  June  30, 1898 235,636.^X 
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Money  statement 

July  1,1897,  balance  anezpended $21,171.53 

June 30, 1898, amomit  expended  daring  fiscal  year 4,807.84 

Jaly  1, 1898, balance  unexpended 1 16,363.69 

Joly  1, 1898, outstanding  liabilitiea $516.29 

Jaly  1, 1898,  amoant  covered  by  nnoompleted  contracts 11, 652. 00 

12,168.29 

Jaly  1,1898,  balance  available 4,195.40 

'  '       '        .1 

f  Amoant  (estimated)  required  for  completion  of  existing  project. 45, 000. 00 

I  /Lmonnt  that  can  be  profitably  expended  in  fiscal  year  eudms  Jane  30, 1900    15, 000. 00 
^Submitted  in  compliance  witb  reqnirements  of  sections  2  of  river  and 
V   harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  1897. 


Appropriations  for  improving  harbor  at  South  Haven,  Mich, 


Maich2,1867 $43,000 

Jnlyll,1870 10,000 

Maieb3,1871 16,000 

JniielO,I872 12,000 

M»rch3,1873 20,000 

Juiie23,1874 10,000 

Msrch3,1875 10,000 

AngnstU.lgTd 10,000 

June  18,1878 12,000 

MiKh3.187i) 7,500 

Jane  11, 1880 5,000 


March  3, 1881 i...  $5,000 

August  2. 1882 10,000 

July  5, 1884 7,500 

August  5, 1886 ^ 5,000 

August  11, 1888 10,000 

September  19, 1800 15,000 

July  13,1892 10,000 

August  18, 1894 20,000 

June3,1896 15,000 

Total 252,000 


CONTRACTS  IN   FORCE  FOR  IMPROVING  HARBOR  AT  SOUTH  HAVEN,  MICH. 

William  A.  Starke,  dredging,  dated  March  26, 1897,  approved  April  9, 1897.  Date 
of  beginning,  April  1,  1897;  date  of  expiration,  September  15,  1897. 

Eaiow  &  Mauroe,  pier  work,  dated  May  6,  1897,  approved  Mav  24,  1897.  Date  of 
Mi^nning,  May  15, 1897 ;  date  of  expiration  November  1, 1897,  extended  to'Septeniber 

1,1898. 

William  A.  Starke,  dredging,  dated  April  9, 1898,  ap^Toved  April  20,  1898.  Date 
of  beginning,  April  15,  1898;  date  of  expiration,  September  15, 1898. 


003I1IEBC14L  STATISTICS,   SOUTH  HAVKN    HARBOR,  MICHIGAN,  FOR  CALENDAR  TBAB 

XNDINO  DECEMUBR  31,    1897. 

Entrances  and  clearances. 


Cilendar 


year. 


{jj(e«ttatted). 

m'Z 

IW... 

MB.. 


Kamber. 


1,080 
2,240 
2,004 
8,000 
3,822 


Tonnage. 


128,880 
aot.380 
212,180 
251.730 


Calendar  year. 


1804 
1895 
1896 
1B07 


Namber. 


8,248 
8.222 
1.218 
1,258 


Tonnage. 


228,240 
238.000 
843, 016 
351,000 


p.^  ^yf  line  of  boats  was  establisbed  during  the  year  by  tbe  Soutb  Haven  and 
tmcago  Transportation  Company. 


\ 
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BeoeipU  and  shipmenU  by  vesBel,  1897. 
[Compiled  from  statement  famished  by  C.  J.  Monroe,  esq.,  Soath  Haven,  Mich.] 


Articlei  reoeired. 


Brick 

Coal 

Flour 

Grain 

Hay  and  feed 

Iron  and  machinery .. 

Leather 

Lime  and  cement 

Lumber 

Merchandise,  general 

l*aper 

Salt 

Rtone 

Tan  bark 

Total 


Tons. 

900 

7,600 

550 

150 

1,500 

500 

300 

1,000 

6,965 

6,700 

50 

600 

1,600 

3,900 

32,116 

Articles  shipped. 


Brick 

Farm  prodncts 

Floor 

Fruit 

GraTcl 

Leather 

Lire  stock 

Lumber 

Machinery 

Merchanditto,  general 

Potatoes , 

Slabs : 

Stone 

Total 


To: 


In  addition  to  the  above,  a  total  of  45,000  passengers  was  carried  by  vessels  t 
ing  at  this  port. 


KK5. 

IMPROVEMENT  OF  SAUGATUCK  HARBOR,  MICHIGAN. 

The  progress  of  this  improvement  to  June  30, 1897,  is  snmmarize^ 
the  Report  of  the  Chief  of  Engineers  for  that  year,  pages  2913, 291 

Operations  daring  the  last  fiscal  year  were  limited,  as  has  been  of 
for  the  past  sixteen  or  eighteen  years,  to  dredging  for  the  purpos 
making  an  outlet  for  navigation  during  the  short  period  required 
shipping  the  local  fruit  products.  That  for  the  season  of  1897 
done  in  July,  and  for  1898  in  June;  the  total  amount  excavated  dui 
the  year  was  24,553  cubic  yards,  all  under  contract  with  William 
Starke,  of  Milwaukee,  Wis. 

The  port  of  shipment  out  of  this  harbor  is  the  town  of  Saugati 
which  is  on  the  Kalamazoo  Eiver,  3  miles  above  the  harbor, 
eventual  abandonment  of  the  present  improvement  is  foreshadowec 
the  following  provision  of  the  river  and  harbor  act  of  June  3, 1896 

Improving  Kalamazoo  River,  Michigan,  from  Lake  Michigan  to  Sangatao 
accordance  with  the  alternative  project  submitted  January  twenty-eighth,  eigh 
hnndred  and  ninety-six,  iive  thousand  dollars.  - 

While  the  foregoing  adopts  the  project  and  authorizes  the  commei 
ment  of  work  on  it,  the  amount  appropriated  is  wholly  inadequate 
explained  in  the  following  report  on  the  improvement  of  Kalams 
Eiver.  As  the  old  route  must  serve  until  the  new  one  can  replao 
it  will  be  necessary  to  continue  appropriations  in  the  meantime 
opening  the  channel  for  a  limited  period  annually,  as  has  been  the  < 
tom  in  recent  years;  an  estimate  of  $10«()00  is  therefore  submitted 
this  purpose,  including  superintendence,  engineering,  and  office  con 
gencies. 

This  harbor  is  in  the  Grand  Haven  collection  district,  and  the  nearest  port  of  6 
is  Grand  Haven,  Mich.  The  Light-House  Establishment  maintains  a  fifth-order  c 
li^ht  on  the  north  side  of  the  entrance  and  a  harbor  light  near  the  end  of  the  a 
pier. 

Original  estimated  cost  of  the  work,  1867,  modified  in  1869, 1870, 1875,  and 

1892 $175.  eS 

Whole  amount  expended  to  June  30, 1898 '. 165.34 
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Money  statement 

jTily  1,1897,  balance  unexpended $8,678.89 

June  SiO,  1896,  amoont  exx>ended  daring  fiscal  year 6, 580. 06 

Joly  1,1898, balance  unexpended 2,098.84 

July  1,1898,  outstanding  liabilities $1,^54.94 

July  1, 1896,  amount  covered  by  uncompleted  contracts 513. 06 

1,868.00 


July  1, 1896,  balance  available 


230.84 


'Amoantthatcanbe  profitably  expended  in  fincal  year  ending  J  one  30, 1900    10, 000. 00 
I  Sabmitted  in  compliance  with  requiretueuts  of  sectious  2  of  river  and 
,   hirbor  acts  of  1866  and  1867,  and  of  sundry  civil  act  of  June  4, 1897. 


AppropriationB  far 

Jnly  25, 1868  (allotment) 

Apnl  10, 1869  (allotment) 

Jnly  11, 1870 

March  3, 1871 

June  10, 1872 ». 

March  3. 1873 

June  23, 1874 

March  3, 1875 

Angnrt  14, 1876 

Jmiel8,1878 

March  3, 1879 


improving  harbor  at  Saugatuck,  Mich. 


$23,900 

6,039 

10,000 

10,000 

15,000 

10,000 

10,000 

10,000 

3,000 

2,500 

5,000 


June  14, 1880 $5,000 

March  3, 1881 5,000 

August  2, 1882 8,000 

July5,1884  4.000 

August  5, 1886 8,000 

August  11,1888 5,000 

Ju^  13,1892 5,000 

August  18, 1894 12,000 

June3,1896 10,000 

Total 167,439 


CONTRACTS  IN  FORCE  FOR  IMPROVINO   HARBOll  AT  8AUGATUCK,  MICH. 

Williiun  A.  Starke,  dredging,  dated  March  26, 1897,  approved  April  9,  1897.  Date 
«  beginning,  AprO  1, 1897;  date  of  expiration,  September  15, 1897. 

Wiiliain  A.  Starke,  dredging,  dated  April  9, 1898,  approved  April  20, 1898.  Date  of 
Zoning,  AprU  15, 1898;  date  of  expiration,  September  15, 1898. 


^ttllBCIAL    STATISTICS,    SAUGATUCK     HARBOR,    MICHIGAN,    FOR     CALKNDAJt    TBAB 

ENDING  DECEMBER  31,  1897. 

Entrances  and  elearances. 


Gilflndar 


un.. 

Ittl.. 

law.. 

Uil.. 


Number. 


262 
814 
178 
492 


Tonnage. 


182,400 
70,300 
42.000 

120.000 


Calendar  year. 


1803 
1804 
1895 
1896 
1897 


Nnmber. 


626 

862 

1,256 

84» 
586 


Tonnage. 


162,632 
106,000 
134,  9i8 
163. 190 
70,360 


a  Not  8tat(^. 


Beeeipts  and  BhipmentB  by  vessel, 
[Compiled  f^om  atatement  fumiahed  by  Meaars.  Griffin  &  Henry,  Sangatack,  Mich.] 


ArUdea  received. 


Coil 

jJjJJjdoemenV'Iil 

^'"'^"■iiai.'iiieiir 


TbUl, 


Tona. 


500 

52 

1,440 

476 


2,468 


Articles  shipped. 


Fami  products 

Fish 

Fruit 

Live  stock 

Potatoes 


Total 


Tona. 


7 

75 

3,287 

35 

144 

2,548' 


I 
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KK6. 

■  IMPROVEMENT  OF  KALAMAZOO  RIVER,  MICHIGAN. 

The  river  and  harbor  act  of  Jane  3, 1896,  provided  the  following  in 
relation  to  this  proposed  improvement: 

ImproviDg  Kalamazoo  River,  Michigan,  from  Lake  Michigan  to  Saagatnek,  in 
accordance  with  the  alternative  project  Bubmitted  January  twenty-eighth,  eighteen 
hundred  and  ninety-six,  Ave  thousand  dollars. 

The  alternative  project  referred  to  is  printed  in  the  report  of  the 
Chief  of  Engineers  for  1896,  pages  2741  to  2743,  the  purpose  being  to 
establish  a  shorter  and  more  easily  maintained  line  of  water  communi- 
cation from  Saugatuck  to  Lake  Michigan  than  that  now  afforded  through 
Saugatuck  Harbor.  It  provides  for  dredging  the  river  from  the  town 
to  a  point  1|  miles  below  it,  and  thence  making  a  new  cut,  12  feet  deep, 
through  to  Lake  Michigan;  the  estimated  cost  is  $150,000. 

The  essential  feature  is  l^e  cut  from  river  to  lake,  and  the  construc- 
tion of  revetments  and  piers  that  are  necessary  for  giving  any  degree 
of  permanence.  The  appropriation  of  $5,000  is  altogether  too  small  to 
justify  a  commencement  of  the  work,  and  it  would  be  most  injudicious, 
if  not  really  foolish,  to  make  a  beginning  until  the  whole  amount  of  the 
estimate  is  appropriated.    Accordingly  no  work  has  yet  been  done. 

Money  statement. 

July  1, 1897,  balance  unexpended $5,000.00 

June  30,  IS&S,  amount  expended  during  fiscal  year .^ 

July  1, 1898,  balance  unexpended 4,999.75 

(Amount  (estimated)  required  for  completion  of  existing  project 145, 000. 00 
Amount  that  can  be  profitably  expended  in  fiscal  year  endms  JuneSO,  1900  145, 000. 00 
Submitted  in  comnliance  with  reauirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  ana  of  sundry  civil  act  of  June  4,  1897. 


KK  7. 
IMPROVEMENT  OF  HARBOR  AT  HOLLAND  (BliACK  LAKE),  MICHIQAN. 

The  work  of  improving  this  harbor  was  commenced  by  the  Govern- 
ment in  1867  and  continued  until  1880,  when  piers  and  revetmcDts 
aggregating  3,545  feet  had  been  built.  No  additions  have  been  made 
since  then,  all  work  in  the  meantime  having  been  in  the  nature  of 
repairs  and  dredging. 

Operation^  during  the  last  fiscal  year  consisted  in  dredging  the  chan- 
nel way  between  the  piers,  under  contract  with  William  A.  Starke,  oi 
Milwaukee,  Wis.,  dated  April  19, 1898,  the  work  being  done  between 
May  3  and  May  21, 1898,  and  the  amount  excavated  12,088  cubic  yards. 
A  section  of  the  north  pier  203  feet  in  length  was  rebuilt,  as  described  in 
the  following  extract  from  the  report  of  Mr.  F.  W.  Lehnartz,  assistant 
engineer,  in  local  charge: 

In  the  beginning  of  the  fiscal  year  the  pile  work  Just  east  of  the  part  of  the  j^ier 
repaired  in  1896  began  to  fail  and  it  became  necessary  to  make  immediate  repairs. 
A  contract  was  therefore  entered  into  with  Love  &  West,  and  operations  com- 
menced August  6.  The  repairs  consist  of  a  row  of  triple-sheet  piling  of  3  by  12  inch 
by  30  foot  white-pine  planks,  protected  in  front  by  a  row  of  white-oak  piles,  4  feet 
between  centers  and  36  feet  long  in  the  work,  with  an  oak  wale  at  water  surface  and 
iron  tie-rods  to  the  rear  wall  of  the  old  structure  every  8  feet.  The  top  of  the  round 
and  sheet  piles  is  5  feet  above  zero  of  gauge.  At  the  west  end  the  new  work  con- 
necta  with  and  continues  the  alignment  of  the  new  front  wall  built  in  1896|  being 
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approximately  6  feet  in  front  of  the  old  work ;  at  the  east  end  the  new  work  connects 
wi^  the  old  at  an  angle  of  aboat  45  degrees.  Connection  is  made  between  the  new 
and  old  front  walls  by  means  of  12  by  12  inch  timber  braces  every  8  feet.  The  new 
work  has  a  length  of  203  feet,  and  extends  from  station  7  +  69.5  to  9  +  72.5. 

The  total  amonut  expended  for  improving  the  harbor  to  Jane  30, 
1898,  was  $299,533.76,  of  which  $4,501.66  were  spent  daring  the  past 
fiscal  year. 

The  condition  of  the  harbor  at  the  close  of  the  year  was  as  follows: 
North  pier,  consisting  of  1,137  feet  of  pile  work  and  717  feet  of  crib 
work,  had  a  total  length  of  1,854  feet  and  projected  480  feet  beyond  the 
shore  line.  The  pier  is  generally  in  poor  condition  and  reqaires  exten- 
sive repairs,  amoanting  to  a  practical  rebuilding  in  some  portions.  The 
sooth  pier,  comprising  993  feet  of  pile  work  and  698  feet  of  crib  work, 
had  a  total  length  of  1,691  Ibet  and  projected  705  feet  beyond  the  shore 
line.  This  pier  also  reqaires  extensive  repairs,  including  reconstraction 
for  a  distance  of  about  225  feet.  As  a  result  of  dredging  just  then 
completed  the  maximum  available  depth  at  the  shoale^st  part  of  the 
channel  June  30, 1898,  was  12  feet. 

The  estimate  herewith  for  1900  is  limited  to  what  is  necessary  for 
restoring  or  maintaining  the  old  piers  in  serviceable  condition,  and  for 
dr^ging  to  maintain  the  requisite  channel  depth,  as  follows:  For  1,000 
linear  feet  of  sheet  piling,  $10,000;  rebuilding  833  feet  of  piers  above 
water,  $10,000;  dredging,  $5,000;  making  in  all,  with  dae  allowance 
for  sapervision,  engineering,  and  office  contingencies,  $27,500. 

A  special  repor^  dated  January  5, 1897,  containing  an  estimate  of 

cost  of  obtaining  a  16-foot  depth  of  channel  was  made  to  Congress 

under  the  provisions  of  the  river  and  harbor  act  of  June  3, 1896,  and 

is  printed  in  Beport  of  the  Ohief  of  Engineers,  United  States  Army, 

for  1S97,  pages  2950-2951,  and  also  House  Ex.  Doc.  272,  Fifty-fourth 

Congress,  second  session.    The  estimate  was  as  follows: 

Pitt  extension: 

eOO  feet,  at  $90 : $54,000 

900  feet,  at  $120 108,000 

HaeoQktnictioii  of  pile  revetment.  2,110  feet,  at  $15 31,650 

Jepion  to  246  feet  crib  work,  at  r25 6,160 

Jepwi  to  510  feet  crib  work,  at  $12 6,120 

^•in  to  653  feet  crib  work,  at  $4 2,612 

I^n^g  64,000  oabioyarda,  at  15  cents 9,600 

318, 132 
Contingendoe 21.868 

Total.. 240,000 

'Rm  harbor  is  in  the  Qrand  Haven  collection  district  and  the  nearest  port  of  entry 
u  Grind  Haven,  Mich.  The  Light-Hoose  Establishment  maintains  a  b arbor  light 
^  the  oater  end  of  the  sonth  pier.    There  is  a  life-saving  station  near  the  inn  er  end 

<rf««ithpier. 

^KQial  estimated  cost  of  the  work,  1866,  amended  in  1873, 1879,  1884, 

J^m .....!  $291,615.81 

Whole imount  expended  to  Jnne  30, 1898 304,035.42 

Mtniey  statement ' 

J«lyl,1897,baJanoe  unexpended $5,080.36 

^UM  SO,  1898,  amount  expended  during  fiscal  year 4,501.66 

i'jyljMBS,  balance  unexpended 578.70 

^W7l,M98,  outstanding liabiUties 169.23 

J«»lyi,l»8,  balance  available 409.47 

Jj^^tthatcanbeprofitabl^  expended  in  fiscal  year  ending  J  one  30, 1900    27, 500. 00 
I  ^^uiBitted  in  compnance  with  requirements  of  sections  2  of  river  and 
I  ouhoi  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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Appropriations  for  improving  harbor  at  Holland  {Blaek  Lake),  Mick, 


August  30, 1852* $8,000.00 

Jnne  23,  1866 55, 615. 31 

March  2, 1867 :.....  51,000.00 

July  11,1870 10,000.00 

March  3, 1871 10,000.00 

Jnne  10,  1872  .: 10,000.00 

March  3, 1873 12,000.00 

June  23,  1874 15,000.00 

March  3, 1875 15,000.00 

AnguBtU,  1876 15,000.00 

June  18,  1878 10,000.00 

March  3, 1879 6,000.00 

June  14,  1880 6,000.00 


Black  Lake — Continued: 

March  3, 1881 

August  2,  1882 

July  5, 1884 

August  5,  1866 

August  11,  1888 

September  19, 1890. . . 
Holland: 

July  13, 1892 

August  18,  1894 

June  3, 1896 


$6,000.00 
10, 000. 00 
15, 000. 00 
5,000.00 
5,000.00 
10,000.00 

5,000.00 
15,000.00 
10, 000. 00 


Total 304,615.31 


CONTRACTS  IN  FORCE  FOR  IMPROVING  HARBOR  AT  BLACK  LAKE,  MICHIGAN. 


COMMERCIAL    STATISTICS,   BLACK    LAKE    HARBOR,    MICHIGAN,    FOR    CALENDAR   TEAR 

ENDING  DECEMBER  31,   1897. 

Entrances  and  clearances. 


CaleDdar  year. 


1889.. 
IHOOa. 
1891  .. 
1HQ2  . . 
18i)3.. 


Number. 


1,087 


2,676 
2,800 
2,060 


Tonna^. 


80,790 


178,300 
2UO,000 
315. 150 


Calendar  year. 


1894 
I8!)5 
1806 
1897 


Numl)er. 


1.816 
809 
408 
456 


Tonnage. 


159, 
210 
28».l 
153. 


a  Not  stated. 
Entrance  and  clearancea  as  reported  by  W.  H.  Beach,  of  Holland,  Mich.,  for  1897, 962 ;  tonnage,  186,610- 

Receipts  and  shipments  by  vessel,  1897,  . 

[Compiled  trom  statements  famished  by  W.  H.  Beach,  esq.,  of  Holland,  Mich.,  and  the  collector  o^ 

customs  at  Grand  Haven,  Mich.] 


Articles  received. 


Brick  nnd  stone 

Coal 

Floiir 

Grain 

Gravel 

Hides 

Iron  and  machinery  . 
Lime  and  cement . . . . 

Lumber 

Merchandise,  general 

Miscellaneoas 

Salt 

Stone 

Tan  bark 

Total 


Tons. 

2,880 

2,450 

70 

7.200 

4,400 

56 

360 

414 

58,003 

9,741 

12,200 

64 

4,950 

21,450 

124.288 

Articles  shipped. 


Coal 

Flour 

Farm  pru<luct« 

Fruit 

Grain 

Hav  anU  feed 

Hides 

Leather 

Lime  and  cement 

Live  stock 

Lumber 

Machinerv 

MerchandiHe,  general 
Miscellaneous 

Total 


Tons. 


5,670 
2S^ 


300 

49% 

8,29^ 
70 

5,00? 


8,09<» 
26,96^ 


M, 


*  Amouot  carried  to  surplus  fuud,  $1.19. 
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K  K8. 
IMPROVEMENT  OF  GRAND  HAVEN  HARBOR,  MICHIGAN. 

This  harbor  is  at  the  moath  of  Orand  River,  which  had  a  shifting 
channel  with  a  depth  of  9  feet  at  its  mouth  before  improvement,  toward 
which  some  steps  had  been  taken  by  the  Detroit,  Qrand  iiaveu  and 
Milwaukee  Bailroad  Company,  when  systematic  work  was  commenced 
by  the  GU>vemment  in  1867,  under  an  appropriation  of  $65,000  made  in 
the  river  and  harbor  act  of  June  23, 1866.    The  project  adopted  was 
the  usual  one  of  protecting  the  entrance  channel  by  piers  projecting 
into  the  lake,  and  dredging  as  found  necessary  to  make  and  maintain 
the  required  depth  of  18  feet.    The  total  length  of  piers  and  revet- 
ments in  place  at  the  beginning  of  the  last  fiscal  year  was  9,312  feet, 
of  which  1,060  feet  are  twenty  years  old  or  over. 
The  then  available  channel  depth  was  16^  feet. 
Operations  during  the  last  fiscal  year  comprised  dredging  and  repairs 
to  piers  as  follows:  From  July  6  to  September  2, 1897,  a  portion  of  the 
interior  chaBuel,  1,600  feet  long  and  180  feet  wide,  was  dredged  under 
oontract  with  Green's  Dredging  Company,  dated  March  26,  1897,  the 
total  excavation  being  40,942  cubic  yards.    The  work  of  pier  repairs 
was  done,  by  hired  lat»or,  and  consisted  principally  in  additions  to  the 
stone  filling  in  the  old  pile  sections  of  the  pier  work,  and  the  intro- 
dnction  of  new  timbers  where  necessary  to  close  gaps  and  retain  the 
filling  in  place. 

The  total  amount  expended  in  improving  this  harbor  up  to  June  30, 
1898,  is  $738,767.73,  of  which  $11,501.96  were  spent  during  the  last 
fift'al  year. 

The  condition  of  the  harbor  June  30, 1898,  was  as  follows:  The  north 
pier  and  revetment,  comprising  2,136  feet  of  pile  work  and  1,412  feet 
of  crib  work,  had  a  total  length  of  3,538  feet  and  projected  1,472  feet 
%oud  the  shore  line.  The  south  pier  and  revetment,  comprising 
^67  feet  of  pile  work  and  1,507  feet  of  crib  work,  had  a  total  length  of 
V^^feet  and  projected  1,680  feet  beyond  the  shore  line.  The  timber 
^ork  of  these  piers  was  generally  in  fair  condition,  but  a  large  amount 
of  filling  is  needed  to  retain  them  in  serviceable  condition. 
The  available  channel  depth  was  17  feet. 

The  estimate  for  1900  is  as  follows :  For  150  feet  of  crib  pier  extension, 
flB,0(M);  for  restraining  drift  of  sand  over  the  piers  and  revetments, 
17)000;  incidental  repairs,  $7,000^making,  in  all,  with  due  allowance 
forgnpervision,  engineering,  and  office  contingencies,  $35,000. 

This  harbor  is  at  tlie  port  of  entry  for  the  Grand  Haven  coUection  district.  The 
jj|Kht-I{oiue  Establishment  maintains  a  fourth-order  flashing  coast  light  south  of 
1^  entnoce,  and  a  harbor  light,  fog  signal,  and  range  light  on  the  south  pieri 
■^rs  is  a  life-saving  station  near  the  inner  end  of  the  north  pier. 

^ul  estimated  cost  of  the  work,  1866,  amended  in  1880, 1890,  and 
*2 '.....; .....!....  $804,366.15 

Whole  amount  expanded  to  June  30, 1898 738,767.73 

Money  statement 

J^lylaSS?,  balance  unexpended $32,100.38 

«Qi)e30, 18^,  amount  expended  during  fiscal  year ,..     11,501.96 

J'jy  1, 1898,  balance  unexpended 20,598.42 

^"lyljiaSS,  outstanding  liabUities 155.40 

•'nly  1, 1898,  balance  available r~"20,'443. 02 

I^ant  (estimated)  required  for  completion  of  existing  project 45, 000. 00 
^oatthat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900    35, 000. 00 
^bmifeted  in  compliance  with  requirements  of  sections  2  of  river  and 
Aarbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4«  1897. 
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AppropriationB  for  improving  harbor  of  Grand  Haven,  Mkk. 


Angnst  80.  1852  (mouth  of 
Grand  River) 

June  23, 1866 

March  2, 1867  (mouth  of  Grand 
River)  

April  10,  1869  (allotment) .... 

July  11. 1870 

1870  (allotment) 

March  3, 1871 

June  10, 1872 

March  3, 1873 

June  23, 1874 

August  14, 1876 

June  18, 1878 


$2,000.00 
65,000.00 

40, 000. 00 

1, 866. 15 

10, 000. 00 

500.00 

6,000.00 

15, 000. 00 

75, 000. 00 

50,000.00 

15, 000. 00 

15,000.00 


March8,1879 $9,000.00 

June  14,1880 60,000.00 

March  8, 1881 50,000.00 

August  2, 1882 40,000.00 

July  5, 1884..... 60,000.00 

August5,1886 80,000.00 

August  11, 188K 25,000.00 

September  19, 1890 75, 000. 00 

July  13,1892 90,000.00 

August  18,  1894 25,000.00 

June  3, 1896 20,000.00 

Total 759,866.15 


CONTRACT  IK  FORCK  FOR  IMPROVING  HARBOR  AT  GRAND  HAVBN,  MICH. 

Green's  Dredging  Company,  dredging,  dated  March  26,  1897,  approved  April  14, 
1897;  date  of  beginning,  April  1, 1897;  date  of  expiration,  September  15,  ISQi. 

William  A.  Starke,  dredging,  dated  April  9,  189^,  approved  April  20, 1898;  date 
of  beginning,  April  15, 1898;  date  of  expiratior,  September  15, 1898. 


COMMBBGIAL  BTATI8TIG8,   GRAND  HAVBN    HARBOR,  MICHIGAN,  FOR  CALENDAR 

ENDING  DBCBMRER  31,  1897. 


EntranceB  and  clearances. 


Cftlendar  ye»r. 


1888 
1889 
1890 
1891 
1892 


Number. 


1,S08 

1,110 

1,172 

819 

815 


Tonnase. 


1.406,800 
649, 370 
834,089 
816,422 
693,835 


CalenilRr  year. 


1893 
1894 
1895 
1896- 
1897 


Number. 


761 
641 
574 
883 
1,15] 


TOIIIU90. 


618, 4S 
604,600 
482,8a 
727,206 
1,018,806 


Eeeeipte  and  ehipmenU  by  vessel,  1897, 

[GompQed  from  itatements  Aimished  by  the  oollector  of  oustomi  and  United  States  Inapeetor  B. 

Duryea,  Grand  Hayen,  Mloh.] 


Articlea  reoeiyed. 


Brick 

Coal 

Feed 

Flour 

Gmin 

Rides 

Iron  ore 

Lime  and  cement.... 

Lumber 

Merchandise,  general 

Pig  iron 

Wood 

Total 


Tons. 


800 

1,000 

18,988 

25.569 

27,436 

104 

20, 402 

20,848 

4,196 

23.822 

15,309 

8,681 


163,660 


Articlea  ahipped. 


Farm  products 

Fruit 

Hides 

Lime  and  cement 

Lumber 

Merchandise,  general. 

Pig  iron 

Potatoes 


Total 


Tods. 
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K  K  g. 
IMPROVEMENT  OF  GRAND  RIVER,  MICHIGAN. 

From  1881  to  1884  $50,000  were  expended  in  excavating  cliannela  4 
feet  in  depth  through  the  worst  shoals  in  this  river  below  Grand  liapids. 
Work  on  the  improvemeut  was  then  suspended  until  1896,  when  Con- 
gress by  the  river  and  harbor  act  of  June  3  adopted  the  project  now  in 
course  of  execution,  the  object  of  which  is  to  obtain  a  through  channel 
10  feet  deep  from  Grand  Eapids,  Mich.,  to  the  mouth  of  the  river  at 
Grand  Haven,  40  miles  distant.  Operations  were  commenced  May  26, 
1897,  and  progress  to  June  30,  1897,  is  outlined  in  the  last  Annual 
Report  (p.  2921). 

Operations  were  continued  throughout  the  past  fiscal  year,  except 
from  December  11, 1897,  to  April  9, 1898,  during  which  period  the  river 
was  frozen  up  and  the  plant  was  in  winter  quarters.  The  work  done 
during  the  year  consisted  in  dredging  channels  through  nine  of  the  worst 
bars  on  the  river,  at  points  between  11  and  22  miles  below  Grand  Bapids. 
The  aggregate  length  of  channels  dredged  to  a  depth  of  6  feet,  with  a 
bottom  width  of  30  feet,  was  30,883  feet,  the  amount  of  material  exca- 
vated being  147,170  cubic  yards,  making  a  total  excavation  since  May 

26, 1897,  when  the  improvement  was  commenced,  of  161,205  cubic  yards. 

Tlie  work  was  done  by  a  special  plant  fitted  up  and  operated  by  the 

Oovemment,  at  a  cost  of  12.7  cents  per  cubic  yard  of  material  removed. 

Tbe  following  report,  prepared  by  Mr.  G.  W.  Bunker,  assistant  engineer 

in  immediate  charge  of  operations  since  their  beginning,  gives  a  detailed 

Mstory  of  these  operations: 

GcKcraZ  kitiorif. — Under  authority  of  an  act  of  Congress  dated  Jnne  3, 1896,  provid- 
ing  for  a  dredged  channel  between  Orand  Haven  and  Grand  Rapids,  with  a  center 
depth  of  10  feet  and  a  bottom  width  of  100  feet,  work  wns  beffnn  May  26,  1897,  at  a 
poiat  about  2,U00  feet  below  the  feiTy  at  Eastmanville,  or  20.8  miles  below  the  foot 
of  Ganoes  Canal  at  Grand  Rapids. 

On  Jane  30, 1897,  the  date  of  the  last  Annnal  Report,  the  work  had  progressed  to 
ft  point  21.5  miles  below  the  foot  of  Ganoes  Canal,  having:  completed  a  cnt  throngh 
^bat  is  known  as  the  Eastmanville  bar  and  reached  about  the  middle  of  the  County 
HoDM  bar.  From  this  point  dredging  was  continued  down  stream  through  the 
nmainder  of  the  Connty  House  bar  and  across  Rice's  bar  to  a  point  22.6  miles  below 
tbefootof  Ganoes  Canal  and  about  one-half  mile  above  the  mouth  of  Bass  River. 

On  examination  it  was  found  that  from  this  point  to  Grand  Haven  there  existed  a 
<>>otiDnoa8  channel  with  a  minimum  depth  of  5  feet  and  a  bottom  width  of  30  feet  or 
o^er.  These  were  the  dimensioqs  of  the  channel  which  it  was  proposed  to  make 
^^b  the  present  appropriation.  Therefore  the  dredge  and  outfit  were  moved 
^pttream  to  the  lower  end  of  Deer  Creek. Bar,  19.-^  miles  below  the  foot  of  Ganoes 
Canaland  1  mile  above  Eastmanville.  Dredging  began  here  July  16.  From  this  point 
•^dredjriDg  continued  upstream,  passing  through  the  following  bars,  viz. :  Deer 
Y^}f  'l^sii  Creek,  Lament,  ana  the  lower  half  of  the  Bridge  Street  Bar.  (A 
detailedaccount  of  these  bars  will  be  found  in  an  accompanying  tabular  statement.) 

Bridge  Street  Ferry,  about  the  middle  of  the  Bridge  Street  Bar  and  14.7  miles 
l|elow  GaDoes  Canal,  was  reached  November  29.  At  this  time  floating  ice  in  the 
nver  prevented  further  work  and  it  was  decided  to  make  a  winter  harbor  for  the 
P^t>  where  it  would  be  safe  from  the  ice  floes  during  the  high-water  season  and 
7°>re  necessary  repairs  could  be  made  in  preparation  for  the  coming  season's  work, 
lae  month  of  Sand  Creek,  11.8  miles  below  Guuooh  Canal,  was  chosen  for  the  looa- 
•|<n  of  the  winter  harbor.  After  experiencing  much  difficulty  in  breaking  through 
^V^  fields  between  Bridge  Street  Ferry  and  Sand  Creek,  the  dredge  and  outtit 
*RiTed  safely  at  the  latter  place  December  4.  Work  on  the  harbor  was  begun  at 
•''JJttd  was  completed  December  11. 

^^  repairs  were  made  before  laying  up,  to  avoid  delays  in  the  spring.  The  plant 
Ji|>  laid  up  January  b,  1898,  the  crew  discharged,  and  a  watchman  left  in  charge 
™ag  the  winter. 


r 
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The  work  of  flttinff  oat  was  began  on  the  dredge  March  28.  Dredgiag  was  begun 
at  the  month  of  Sand  Creek  Apru  6,  the  dredge,  working  downstream,  clearing  ont 
the  bars  between  Sand  Creek  and  Bridge  Street  Ferry,  where  work  stopped  Novem- 
ber 29,  1897.  This  point  was  reached  J  une  9,  when  the  outfit  was  moved  np  to  the 
month  of  Sand  CreeK  again  and  the  work  of  dredging  upstream  begun. 

J  une  30,  the  end  of  the  fiscal  year,  the  dredge  had  reached  a  point  10.9  miles  below 
the  foot  of  Oanoes  Canal  and  about  800  feet  above  Haires  Landing. 

Plant. — The  plant  in  use  on  the  river  July  1, 1897,  was  as  follows:  (1)  U.  S.  dipper 
dredge  Farquhar;  (2)  U.  S.  sand  conveyer  Sand  Sucker  (a  sand-pump  dredge,  con- 
stmcted  for  this  special  work  from  old  machinery  on  hand),  with  12  pontoon  pipe 
floats;  (3)  U.  S.  gasoline  launch  Bertha  S.;  (4)  Grand  Biver  Scow  JV6.  /.  To  the 
above  was  added,  September  18,  a  new  pine  scow  20  by  50  by  3  feet  high,  which  was 
designated  Grana  Hirer  Scow  No,  £. 

liepaiTB  to  plant, — All  repairs  except  those  made  to  the  machinery,  which  required 
the  appliances  of  a  machine  or  boiler  shop,  have  been  made  by  the  regular  dredge 
crew. 

DetcriptUm  of  Sand  Sucker, — The  Sand  Sucker  consists  of  a  pine  scow  24  by  100  by 
3  feet  high  with  an  open  pocket  (8  feet  square  at  bottom)  near  the  forward  ena. 
Into  this  pocket  is  fitted  an  iron  hopper,  which  is  surmounted  by  a  heavy  iron  gril- 
lage used  to  exclude  fronx  the  hopper  any  substance  too  large  to  pass  through  the 
sand  pump.  Through  a  hole  in  the  rear  of  the  hopper  the  suction  pipe  of  a  12-inch 
centrifugal  sand  pump  (mounted  on  the  deck  of  the  scow)  is  inserted. 

The  motive  power  running  the  pump  consists  of  an  ordinary  12  by  16  high  pressure 
stationary  engine,  developing  43  horsepower,  with  one  iron  boiler  (locomotive  pat- 
tern) 13i  feet  long  by  4  feet  diameter,  which  is  allowed  80  pounds  of  steam.  Power 
is  transmitted  from  the  engine  to  the  pump  by  means  of  a  Hill  friction  clutch  and  a 
12- inch  leather  belt. 

The  12-inch  discharge  pipe  of  the  pump  leaves  the  scow  at  right  angles  to  its  side, 
is  supported  and  floated  by  a  series  of  pontoons.  It  consists  of  pieces  of  wron^ht- 
iron  ])ipe  34  feet  long  connected  b^  flexible  rubber  sleeves  or  joints.  The  couplings 
between  the  pontoons  are  also  flexible,  making  it  easy  to  handle  the  pipe  lines.  The 
rear  end  of  the  scow  is  occupied  by  coal  bunkers  and  a  sleeping  room  for  the  crew. 

Efficiency  of  the  Sand  Sucker. — The  sand  pump  in  use  at  the  bef^inningof  the  fiscal  year 
was  of  the  van  Wie  pattern  and  developed  a  capacity  of  about  40  cubic  yards  per 
hour.  A  few  changes  were  made  in  the  ordinary  arrangement  of  suction  head  and 
check  valves,  and  the  capacity  was  doubled. 

During  the  winter  the  pump  was  remodeled  under  my  direction,  making  for  it  a 
new  suction  h*ead  and  piston,  with  the  result  that  the  ordinary  expense  of  repair  wai 
reduced  to  about  one-quarter  of  what  it  used  to  be  and  the  pump  doubled  Ml 
capacity. 

Plait  and  methods  of  work. — The  plan  of  work  for  the  river  has  been  one  of  dredgin/ 
alone.    The  U.  S.  dipper  dredge  Farquhar  has  been  employed  in  making  a  single  cv 
with  a  depth  of  6  feet  and  a  bottom  width  of  30  feet  through  all  bars  having  a  chaf 
nel  depth  of  less  than  5  feet,    llie  material  thus  dredged  has  been  conveyed  to  tf 
spoil  bank  (on  or  as  near  as  possible  to  the  shore,  and  as  far  as  possible  from  the  oil 
by  means  of  the  Sand  Sucker.  I 

When  ready  for  work,  the^atid  Sucker  w  attached  to  the  side  of  the  dredge  in  89 
a  position  as  to  make  it  convenient  for  the  dredge  to  deposit  the  material  taken' 
in  its  dipper  on  the  iron  grillage  which  surmounts  the  hopi>er.    The  greater  porti 
of  the  material  passes  at  once  through  the  grillage  into  the  hopper  and  is  takeB 
by  the  suction  of  the  sand  pump  and  discharged  on  the  spoil  bank  200  or  300  [ 
distant  from  the  cut.    That  which  still  remains  on  the  grillage  is  disintegrated 
washed  through  by  playing  on  it  with  a  stream  of  water  fh>m  a  steam  force  potf 
the  Worthington  pattern.  f 

The  sand  pump  will  handle  any  material  which  can  be  passed  through  a  5-1 
square  opening.  ,         I 

Surveys. — A  very  complete  topographical  survey  of  the  river  from  Grand  Rapl 
the  mouth  of  Bass  River  (23^  miles)  was  made  in  1891.    The  survey  of  1889  furn 
the  latest  soundings  over  the  whole  distance  from  Grand  Rapids  to  Grand  a 
and  the  outlines  of  the  river  from  the  mouth  of  Bass  River  to  Grand  Haves 
examination  it  was  found  that  the  marks  left  by  both  of  the  surveys  were  inl 
state  of  decay,  about  one- half  of  them  having  afready  disappeared.  ' 

Only  such  surveying  work  has  been  done  as  was  thonght  necessary  to  preset 
previous  surveys  and  carry  on  the  work  in  hand  intelligentlv.     For  the  latti 
pose  soundings  have  been  taken  previous  to  dredging  over  the  first  34  milei 
Grand  Rapids ;  also,  after  dredging,  for  the  purpose  of  estimates  and  a  stnd^ 
work.    Water  gauges  have  been  set  and  observations  of  high  water  and  oth« 
made,  all  of  which  nave  been  and  are  being  platted* 
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Dreiging  on  harafrom  the  beginning  of  work,  May  26, 1897,  to  June  SO,  1898, 


Kame  of  bar. 


S    Sand  Greek... 

8  I  Lowtng....... 

i    Bridge  Street. 

5    Lamonl 

•    Trail  Creek... 


Deer  Creek.... 
EaatmanTiUe.. 


I   Ooantw  Honae. 
10  moM.. 


Total 


Dia- 

lance 

from 

Grand 

Rap. 

Ida. 


MUe: 
11 

12 

13 

li-15 

ie-17 
18 

21 


21* 

22| 


Length 
of  oat. 


FeH. 
893 

4,822 

2,219 

8,809 

8,430 
2,989 

3,078 
2,580 


1,845 
705 


34,028 


Material. 


Sand  and  logs. 


rStone  and  clay,  aand 
\    and  logs. 
Sand,  gravel,  logs 

Sand  and  logs 

Silt,  aand,  loga 

Sand,  fine  gravel,  and 

ahella. 

Sand  and  loci^a 

Fine  gravel,  ahells, 

sand,    clay,  stone, 

and  logs. 
Sand  and  logs 

....do r. 


Amount 
dredged. 


} 


0u.yd9. 
4,050 

14,750 

8,550 

41,450 

41,030 
12,000 

17,470 
12,335 


7,070 
2,500 


161, 205 


Bato  of  be- 
ginning cut. 


Jane25, 1898 

fApr.  8,  1898 
\Janel2,1898 
Apr.  18, 1898 
Apr.  29,  2808 
Nov.  2,  1897 
Sept.  2,  1807 
Aug.  18,1897 


{ 


Jnly  18, 1897 
May  26. 1807 


Jane28, 1897 
July  9.  1897 


Date  of  oom- 
pleting  cat. 


Not  com- 
pleted. 
Apr.  16, 1898. 
June  24, 1898. 
Apr.  29, 1898. 
June  9,  1898. 
Nov.  29, 1807. 
Oct  30,  1897. 
Sept.  1,  1887. 

Ang.  12,1897. 
June  28, 1897. 


Jnly  9, 1897. 
July  18, 1897. 


Division  of  expenditures  for  fiscal  year  ending  June  SO,  1898, 

Jwq*^ • $5,421.86 

SawSocker 5,201.94 

Surrey 2,505.41 

JtliaS 1.160.43 

CoBtiBieDcie* 8,372.98 

Origifiil  cost  of  plant 1,032.79 

Total 18,695.21 

AUOLNT  AND  COST  OF  WORK  VOR  FISCAL  YEAR  ENDING  JUNE  30,  1898. 

Number  of  miles  of  river  cleared,  12:  depth  of  cnt  below  low  water.  6  feet;  bot- 
tom width  of  cnt,  30  feet;  total  length  of  cut,  30,883  feet;  number  of  cubic  yards 
inoved,  147,170;  total  amount  expended  during  the  year,  $18,695.21:  cost  per  oubio 
yiM  dredged,  12.70  cents. 

AMOUNT  AND  COST  OF  WORK  FOR  APRIL,  MAT,  AND  JUNE,  1898. 

Knmlterof  cnbic  yards  moved  (three  months),  50,100;  total  amount  expended  (three 
nontbs),  $1,731.03;  cost  per  cubic  yard  dredged,  9.45  cents. 

IhrohHity  of  the  work, — The  chief  reason  for  the  adoption  of  the  plan  of  dredging 
alone  was,  that  on  examining  the  results  of  the  dredging  of  1881  to  1886,  it  was  found 
tjut  is  the  main  the  cuts  of  those  dates  were  still  extant  and  the  banks  of  some  of 
IjosDiwere  well  defined  after  the  floods  and  Ice  gorges  of  more  than  twelve  years. 
Toere  were  only  five  places  in  the  first  Hi  miles  below  Grand  Rapids  over  which 
"l^jdo^  was  done  at  that  time,  where  the  cnt  has  been  entirelv  filled  by  the  effect 
^i  CTOM  enrrents  on  the  surface  sand.  The  above  reason  was  thought  sufficient  for 
Uie  adoption  of  the  plan  of  ''dredging  alone"  until  experience  should  show  that 
*^  farther  means  were  necessary  to  maintain  the  work. 

IK  k!°^  to  the  fact  the  draft  of  the  dredge  would  not  permit  its  being  taken  above 
1^  w,  the  work  was  begun  in  the  lower  reach  of  the  river  where  the  current  and 
^coDseqnent  changing  of  the  river  bed  is  very  slight  at  low  stages.  No  opportu- 
tk  ^^^  offered  during  the  dredging  season  of  1897  to  study  the  effect  of  a  nood  on 
•««aeep  narrow  cnt  which  had  been  made.  During  March  of  1898,  however,  that 
?PP«tanity  came.  On  March  16  the  crest  of  the  flood  passed  Grand  Rapids,  show- 
^S trifle  of  13.9  feet  above  the  low- water  stage  and  carrying  away  the  ice  gorges 
vmch  had  formed  at  various  points  along  the  river.  This  office  has  only  one  record 
y^f^t  wat<'r,  viz,  that  of  1893,  which  reached  a  point  16.2  feet  above  the  low- water 
"^  at  Grand  Rapids. 

itof  *^°  u  the  water  subsided  sufficiently,  soundings  were  taken  over  the  cuts  of 
|^f»t  intervals  of  600  feet,  to  ascertain  the  amount  of  fill  resulting  from  the  ice 
1^  ^^  ^^'^  When  platted,  these  soundings  showed  a  result  not  wholly  satisfac- 
^N  In  some  places  the  cut  had  entirely  tilled,  while  in  others  it  could  be  plainly 
^^^  but  was  much  wider  than  when  completed  and  scarcely  half  as  deep.    Where 

BNQ  98 ^158 
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the  filling  had  taken  place  the  material  throagh  which  the  cut  was  made  was  a  yery 
fine  sand,  running  like  qnioksand. 

The  general  depth  of  the  water  over  the  bars,  where  oats  were  made,  was  fonnd 
to  he  from  0.5  to  1.5  feet  greater  than  before  dredging.  This  left  a  channel  of  not 
less  than  4  feet  between  Bridge  Street  Ferry  and  Bass  River,  with  the  exceptions  of 
possibly  three  or  four  places,  the  worst  of  which  is  on  Deer  Creek  Bar,  where  an 
available  depth  of  2.5  is  fonnd. 

The  cross-sections  of  the  river  bed  showed  that  the  spoil  banks  had  been  affected 
by  the  flood  mnch  as  the  cuts  had.  Where  the  material  was 'of  a  heavy  gravelly 
nature,  the  banks  were  still  traceable;  but,  where  it  was  light,  they  had  been  leveled 
down  and  scarcely  a  trace  of  them  conld  be  found. 

In  the  following  table,  possibly,  there  is  a  reason  for  the  difference  found  In  the 
durability  of  the  cuts  above  and  below  the  12-mile  mark : 


Looatioii. 

Fall  in 
river  at 

low 
water. 

Approxi- 
mate 
mean  dis- 
tance be- 
tween 
banka. 

Nature  of  material  in  river  bed. 

From  Grand  Baplds  to  the  13-mile  mark. 
From  the  12-mile  mark  to  Lake  Michigan. 

Feet, 
6.2 

1.0 

Fett. 
850 

600 

Bowlders,  gravel,  day,  and  sand.    (Ob* 

atmoted  oy  7  ialanda.) 
Sand,  fine  grayel,  ahetla,  yeiy  litUe 

clay  and  bowlders.  (No  obetmction.) 

The  inference  to  be  drawn  is  that  in  the  first  12  miles  the  current  is  swift  enough, 
in  consequence  of  the  closeness  of  the  banks  and  the  contraction  occasioned  by  the 
islands,  to  partially  maintain  the  cuts  which  are  dredged,  while  in  the  stretch 
below  the  12-mile  mark  no  such  favorable  natural  conditions  exist. 

The  total  amoant  expended  to  Jane  30, 1898,  was  $27,115^,  of  which 
$18,695.21  were  spent  daring  the  past  fiscal  year. 

Whole  amount  appropriated  and  expended,  1881  to  1884,  inclusive $50,000.00 

Original estimatea  cost  of  project  adopted  in  1896  .... 670, 5(X).00 

Whole  amount  expended  on  present  project  to  June  30,  1898 27, 115. 28 

Money  statement. 

July  1, 1897,  balance  unexpended $41,579.98 

June  SO,  189iB,  amount  expended  during  fiscal  year 18,696.21 

July  1, 1898,  balance  unexpended 22,884.77^ 

July  1, 1898,  outstanding  fiabUities 1,609.» 

July  1, 1898,  balance  available 21,275.6^ 

(Amount  (estimated)  required  for  completion  of  existing  project 620, 600.  OO 
Amount  that  can  be  prontabl^r  expended  in  fiscal  vear  ending  JuneSO,  1900  250, 000.  OO 
Submitted  in  conn>iiance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  i,  1897. 


Appropriation»  for  improving  Grand  Biver,  Michigan, 

March  8, 1881 $10,000 

August  2, 1882 15,000 

July  6, 1884 25,0^0 

June  8, 1896 50,  OOO 

Total 100,000 
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OOMMXBCIAI.    STATISTICS,   GRAND    RIVER,   MICHIGAN,  VOR    CALENDAR  TBAR  ENDING 

DECEMBER  31,  1897. 

Entrances  and  elearanoet. 


Calendar  year — 

Nnmber. 

Tonnage. 

IIM 

282 

77 

46.750 
80,390 

1897 

BeeeipU  and  ahipmenU  hy  vmmZ,  1897. 
[Oranpfled  from  statement  Aimisbed  by  United  States  Inspector  B.  C.  Dozyea,  Grand  Haven,  Mich.] 


Articles  received. 


Piriron... 
Total 


Tons. 


19.402 
63 


19,465 


Articles  shipped. 


Fmit 

Pig  iron  ... 
Wood 

Total 


Tons. 


202 

872 

3,000 


4,074 


K  K  10. 


niPROYEMENT  OF  MUSKEGON  HARBOR,  MICHIGAN. 

The  improvement  of  this  harbor  was  commenced  in  1867,  and  opera- 
tions since  then  are  outlined  in  the  Report  of  the  Chief  of  Engineers, 
United  States  Army,  for  the  fiscal  year  ending  Jane  30, 1897  (page  2923), 
the  extent  of  pier  work  and  general  condition  of  the  harbor  at  that  time 
being  as  follows:  The  north  pier  and  revetment,  comprising  1,403  feet 
of  crib  work  and  1,176  feet  of  pile  work,  had  a  total  length  of  2,579  feet 
and  projected  1,213  feet  beyond  the  shore  line.  The  south  pier  and 
revetoient,  comprising  1,105  feet  of  crib  work  and  380  feetof  pile  work, 
bad  a  total  length  of  1,485  feet  and  projected  1,415  feet  beyond  the 
shore  line.    The  available  depth  through  a  narrow  channel  was  15  feet. 

Operations  during  the  last  fiscal  year  comprised  (1)  the  construction 
of  2i00  linear  feet  of  crib  work  for  extending  the  south  pier;  (2)  repair- 
ing about  250  feet  of  old  crib  work  of  the  same  pier;  and  (3)  dredging. 
These  operations  are  more  fully  described  in  the  following  extract  from 
the  report  of  Mr.  F.  W.  Lehnartz,  assistant  engineer  in  local  charge: 

The  dredglDff  operations  oommenced  June  10,  1897,  were  still  Id  progress  %t  the 
boginning  of  tae  fiscal  year.  They  were  completed  July  2.  Dnring  tnis  time  an 
area  liO  feet  iride  and  averaging  940  feet  in  length  was  dredged  to  a  depth  of  20  feet 
below  zero  of  gauge,  throngh  the  shoal  reach  between  the  piers  outside  of  the  shore 
line.  The  amount  dredged  Jnlv  1  and  2  was  2,521  cubic  yards,  and  the  total  amount 
■inee  Jane  1^  ^,102  cubic  yaros.  As  a  result  of  this  work  there  existed  a  contina- 
oas  channel  from'  Lake  Michigan  to  Muskegon  Lake  not  less  than  16  feet  deep,  at  the 
beginning  of  the  fiscal  year. 

At  the  beginning  of  the  fiscal  year  a  contract  was  in  force  with  Roberts.  Rice  for 
an  extension  of  200  feet  to  the  south  pier.  This  work  was  completed  in  October  and 
eoneisted  of  two  cribs,  each  100  by  30  by  22i  feet,  with  a  continuous  superstructure 
6  feet  high  filled  with  stone  and  decked  over.  The  cribs  rest  on  a  foundation  of  piles, 
and  a  stone  riprap  was  placed  around  the  outer  50  feet  of  the  end  crib.  The  level  of 
the  bottom  of  the  cribs  is  23  feet  below  and  that  of  the  top  of  the  superstructure  is 
€  feet  above  zero  of  gauge.    Mooring  posts  were  built  into  the  work  at  distances  of 

50  feet. 

The  submerged  part  of  the  old  crib  work  between  station  3 -f  80  and  6 -f  29  was 
ansafe.  Parte  of  the  side  walls  had  dropped  out,  and  the  temporary  patching  put 
upon  it  did  not  promise  any  lasting  results.    It  was  therefore  deemed  best  to  make 
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reliable  repairs  by  bnilding  a  wall  of  substantial  sheet  piling  along  the  cbannel  wall, 
and  a  contract  was  entered  into  with  Adolph  Green  for  this  purpose  under  date  of 
April  9, 1898.  The  work  is  to  consist  of  triple  sheet  piling  of  3  bv  12  inch  by  26 
feet  white-pine  planks,  protected  on  the  front  by  white-oak  piles  4  feet  between 
centers  ana  34  teet  long  in  the  work,  and  by  an  oak  wale,  and  secured  to  the  front 
wall  of  the  existing  superstructure  by  screw  bolts  and  to  the  rear  wall  by  iron  tie- 
rods.  The  top  of  the  sheet  piles  is  to  be  2  feet  and  that  of  the  round  piles  4  feet 
above  zero  of  gauge. 

Operations  under  this  contract  were  commenced  May  18,  and  at  the  end  of  the 
fiscal  year  the  sheet  piles  and  part  of  the  round  piles  were  in  place. 

The  total  amount  expended  for  improving  the  harbor  to  Jnne  30, 
1898.  was  $454,732.21,  of  which  $24,390.31  were  spent  daring  the  last 
fiscal  year. 

The  approved  project  of  improvement  calls  for  extending  the  north 
pier  550  feet  and  the  south  pier  300  feet,  and  the  commercial  interests 
of  the  harbor  require  these  extensions  as  soon  as  practicable.  For 
maintaining  the  old  pier  work  and  required  channel  depth  considerable 
repairs  and  dredging  are  required.  The  estimate  for  1900  is  therefore 
as  follows:  For  850  feet  of  pier  extension,  $102,000;  repairing  and 
refilling  piers  and  revetments,  $5,000;  dredging,  $5,000;  making  in  all, 
with  due  allowance  for  supervision,  engineering,  and  office  contingen- 
cies, $120,000. 

The  harbor  is  in  the  Grand  Haven  collection  district  and  the  nearest  port  of  entry 
is  Grand  Haven,  Mich.  The  Light- House  Establishment  maintains  a  fonrth-order 
coast  li^ht  on  the  sontb  shore  and  a  harbor  light,  fog  bell,  and  range  lights  on  the 
south  pier.    There  is  a  life-saving  station  near  the  inner  end  of  the  north  pier. 

Original  estimated  cost  of  work,  1866,  amended  in  1869,  1873,  1881,  1884, 

1890,  and  1892 $589,000.00 

Whole  amount  expended  to  Jnne  30, 1898 454,732.21 

Money  statement 

July  1, 1897,  balance  unexpended $33,658.10 

June  30,  1898,  amount  expended  during  fiscal  year 24, 390. 31- 


July  1,  1898,  balance  unexpended 9,267.71 

July  1,  1898,  outstanding  liabilities $155. 32 

July  1,  1898,  amount  covered  by  uncompleted  contracts 6, 797. 11 

6, 952. 4 


July  1, 1898,  balance  available 2,315. 


'Amount  ^estimated)  required  for  completion  of  existing  project 125,000. 

Amount  tnat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900  120, 000. 
Submitted  in  compliance  with  reqireiiients  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Appropriationa  for  imprtmng  harbor  at  Muskegon,  Miek. 


March  2,  1867 $59,000 

July  11,  1870 10,000 

March  3,  1871 15,000 

June  10,  1872 10,000 

June  23,  1874 10,000 

March  3,  1875 25,000 

August  14, 1876 15,000 

March  3,  1879 5,000 

June  14,  1880 7,500 

MarohS,  1881 20,000 


August  2,  1882 $l».0O0 

July  5,  1884 20,00t> 

Augusts,  18^6 12,600 

August  11,  18S8 45,000 

September  19,  1890 60,000 

July  13,  1892 75,000 

AugnstlS,  1894 30,000 

June3, 1896 30,000 

Total 464,000 
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JMNuAof  Mdt  for  repairing  Ginemmmt  piar  at  Muskegon,  MioK,  received  and  opened 
March  gl,  1S98,  in  accordance  v/Hh  advertieemeni  dated  February  19, 1898. 


Ko. 

of 

bid 


Kama  tad 
Mdd 


of 


To  fkinilah  following  materUl  «nd  seonre  it  in  pUeo. 


8| 

''I 


% 


8^ 


52 


|(M^ 


•I   AAolph   Greon,    Green 

Bay,  Wie 

1 1  John  M.  AJlBieiidincer, 
Benton  Harbor.  Mieh . 
M  Lore  4k  West,  Maeke- 
I    jon,  Mlob  ..........*.■ 

4  WmUm  MclTor,  Mnr- 
•ea]ee,IlL 


OenU. 
29 

80 

80 

82 


n 


$38.00 
82.00 
86.00 
80.60 


$2L0O 
20.00 
21.00 
28.50 


g  8 14 


126.60 
80.00 
86.00 
86.60 


lis 


$20.00 
20.00 
10.00 
18.26 


^ 


(7«nte. 
2 

2 

H 
2| 


1 


2| 


Omt§. 
» 

t 

s 


■3 

9 
& 

§. 

!l 
& 


I 


8 

^ 

4 


8. 


0«lO. 

Si 


Approx- 
imate 
toteL 


$2,797.U 
8,017.06 
8,846.72 
8,400.47 


a  Contract  entered  into  April  0, 1898. 

ftGonnntore'  signntuiee  not  wltneaeed;  oertiflcnte  not  exeonted. 


OOKTRACTS  IK  VORCX  FOR  DfPBOVING  HARBOR  AT  MUSKBOON,  IflCHIOAir. 

Green's  Dredglog  Company,  dredging,  dated  March  26, 1897;  approved  April  14, 
1897;  date  of  beginning,  April  1, 1897 ;  date  of  expiration,  September  15, 1897. 

Sobert  B.  Rice,  pier  work,  dated  May  27, 1897;  approved  Jnne  11, 1897;  date  of 
Mginning,  Jane  1, 1897;  date  of  expiration.  November  1, 1897. 

WUlian  A.  Starke,  dredging,  dated  April  9, 1898 ;  approved  April  20, 1898 ;  date  of 
Mgiimingr,  April  15, 1898;  date  of  expiration,  September  15, 1898. 

Adolph  Green,  pier  work,  dated  April  9,  1898;  approved  April  23,1898;  date  of 
■^mung,  liay  1, 1898;  date  of  expiration,  September  1, 1898. 


COMMKRCIAL  STATISTICS,  MUSKBOON  HABBOR,   MICHIGAN,  VOB  CALENDAR 

ENDING  DBCBMBBB  31,  1897. 


EnWancee  and  cUarancee, 


Gileadary 


Nomber. 


2,683 
4,626 
8.786 
2,886 

4.174 


Tonnage. 


884,869 
649,540 
704,046 
740,021 


Calendar  year. 


1893 
1894 
1895 
1896 
1897 


Number. 


2,482 

1,423 

887 

981 

1,244 


Tonnage. 


834,049 
793,184 
441,289 
662.767 
726, 614 


Irving  the  year  a  new  oar  ferry  line  Laa  been  eatabliahed  between  Muskegon  and 
*l»»akee,  Wis. 
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Receiptt  and  shipmenti  (y  vesael,  1897, 


Artiolea  received. 


Coal 

Flonr 

Gniin 

Hay  and  feed 

Ume  and  oement 

Lumber 

MerohaDdiae,  general 

Mifloellaneoaa 

Paper 

Pig  iron 

Salt 

Stone  and  gravel 

Tan  bark 


Total 


Tons. 

1,920 

02,443 

2,230 

10.340 

0,480 

02.201 

00.173 

1,000 

1,711 

2,405 

505 

4,110 

210 

245,721 

Articles  abipped. 


Feed 

Fruit 

Grain 

Leather 

Lime  and  cement 

Lumber 

Merobandise.  general 

Misoellaneous 

Pig  iron 

Poiatoea 

Salt 

Slabs 

Wood 


Total 


Tons. 


811 

8,600 

259 

080 

943 

182,067 

35,718 

753 

648 

80 

141 

7.022 

3,233 


278,733 


K  Kii. 
IMPROVEMENT  OF  WHITE  LAKE  HARBOR,  MICHIGAN. 

Before  improvement  by  the  Oovernment  a  narrow  and  crooked  oat- 
let  from  White  Lake  to  Lake  Michigan  had  been  improved  by  local 
enterprise  so  as  to  permit  vessels  drawing  abont  5  feet  to  pass;  bnt 
when  the  improvement  by  the  Government  was  commenced,  this  chan- 
nel was  abandoned,  and  a  straight  cat  dredged  from  lake  to  lake  and 
covered  by  lateral  revetments  and  piers.  This  work  was  in  progress 
until  1882,  by  which  time  3,959  feet  of  pile  and  crib  work  had  been 
plained,  of  which  2,294  feet  was  on  the  north  and  1,665  feet  on  the  soath 
side  of  the  channel.  Ko  extensions  have  been  made  since  1882,  bnt  in 
the  meantime  424  feet  of  revetment  has  washed  away  from  the  White 
Lake  end  on  the  south  side  and  166  feet  from  the  north  side. 

No  work  was  done  at  this  harbor  during  the  last  fiscal  year,  and  the 
harbor  works  at  its  close  were  therefore  substantially  in  the  same  con- 
dition as  at  the  beginning,  viz,  North  pier,  all  pile  work,  was  1,515  feet 
long  and  projected  3G0  feet  beyond  the  shore  line;  south  pier,  comprising 
1,498  feet  of  pile  work  and  356  feet  of  crib  work,  had  a  total  length  of 
1,854  feet,  and  projected  700  feet  beyond  the  shore  line.  The  north  pier 
is  in  fair  condition,  except  at  its  outer  end.  The  south  pier  is  generally 
in  bad  condition,  and  some  portions  of  it  are  so  dilapidated  that  they 
are  liable  to  be  carried  away  unless  promptly  rebuilt.  The  available 
channel  depth  between  piers  was  10^  feet. 

The  total  amount  expended  for  improving  this  harbor  to  June  30, 
1898,  was  $280,604.08,  of  which  $243.82  were  spent  during  the  past  fiscal 
year. 

The  above  project  of  improvement  calls  for  a  navigable  depth  of  12 
feet  through  the  channel  between  the  piers,  but  that  depth  can  not  be 
maintained  until  extensions  of  about  450  and  250  feet  are  made  to  the 
north  and  south  piers,  respectively.  The  last  approved  plan  of  opera- 
tions provides  for  extensions  of  250  and  200  feet.  Both  old  piers  need 
considerable  additional  filling,  and  the  south  pier  is  in  urgent  need  of 
extensive  repairs. 

The  estimate  for  1900  is  as  follows:  Pier  extensions,  450  feet,  $45,000; 
for  additional  filling  and  general  repairs  of  old  piers,  $10,000;  dredging, 
$3,000;  making  in  all,  with  due  allowance  for  supervision,  engineering, 
and  office  contingencies,  $64,000. 

The  harbor  is  in  the  Grand  Haven  collection  district,  and  the  nearest  port  of  entry  is 
Grand  Haven,  Mich.  The  Light-House  Establ  ishment  maintains  a  fonrth-order  flash- 
ing coast  liffht  on  the  sonth  shore  of  the  harbor,  and  a  harbor  light  on  the  outer  end 
of  the  sonth  pier.    There  is  a  life-saving  station  near  the  inner  end  of  north  pier. 

Original  estimated  cost  of  work,  1866,  amended  in  1873, 1884,  and  1892..  $337, 560. 00 
Whole  Amount  expended  to  June  30, 1898 280,604.06 
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Money  statement 

July  1, 1897,  balance  unexpended $9,189.74 

June  30, 1898,  aoioant  expended  daring  fiscal  year 243.83 

July  1, 1898, balanoe  unexpended 8,945.92 

July  1, 1898, outstanding  liabilities $105.60 

Jnly  1, 1898,  amomit  covered  by  uncompleted  contracts 2,  COO.  00 

2,106.00 

July  1, 1888,  balance  ayailable 0,840.32 

1  Amount  (estimated)  reqnired  for  completion  of  existing  project 48, 000. 00 

Amount  that  can  be  profitably  expended  in  fiscal  vear  ending  Jnne  30, 1900  64, 000. 00 
Submitted  in  compliance  witb  reouirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  ciyil  act  of  June  4, 1897. 


AppropriatioM  for  improving  harhor  at  White  LakOf  Miek, 


Maroh2,1867 $57,000 

April  10, 1869  (allotment) 44, 550 

July  11,1870 20,000 

March  3, 1871 20,000 

June  10,1872 10,000 

March  3, 1873 7.000 

June  23,1874 10,000 

March  3, 18^ 10,000 

August  14,1876 5,000 

June  18,1878 12,000 

March  3,1879 7,500 

June  14,1880 5,000 


March  3,1881 $7,500 

August  2,1882 12,000 

Ju^5,1884 10,000 

August  5,1886 10,000 

August  11,1888 10,000 

September  19, 1890 17,000 

July  13, 1892 5,000 

Augnst  18,1894 5,000 

June  3,1896 5,000 

Total 289,650 


CONTRACTS  IN  FORCK  FOR  IMPROVrNQ  HARBOR  AT  WHITE  RIVER,  MICHIOAN. 

Green's  Dredging  Company,  dredging,  dated  Mareh  26,  1897;  approved  April  14, 
1897;  date  of  beginning,  Apru  1,  1897;  date  of  expiration,  September  15, 1897. 

William  A.  Starke,  dredging,  dated  April  9, 1898;  approved  April  20,  1898;  date 
of  beginning,  April  15, 1898;  date  of  expiration,  September  15,  1898. 


COXMBRCIAL    STATISTICS,   WHITE    RIVER  HARBOR,   MICHIOAN,  FOR    CALENDAR  TEAR 

ENDING  DECEMBER  31,  1897. 

Entranoe9  and  olearanoes. 


CkleodAr  year. 

Nnmber. 

Tomiage. 

Calendar  year. 

Number. 

TonDage. 

lagg 

1,408 
7S2 
S79 
406 
882 

147,142 

1883 

280 
185 
281 
245 
247 

1,062,028 
18, 115 

1M 

1884 

INO 

82.276 
47.135 
68,850 

1885 

84,574 

isn 

1808 

27,062 

]i» 

1887 

83,408 

BeoeipU  and  skipmenU  hy  vesBel,  1897, 
[Compiled  frtran  statemeot  fomiahed  by  the  collector  of  customs  at  Grand  Haven,  If  leh.] 


Articles  reo«dved. 


Ktrchandiae,  general 

Pig  iron 

WW 

TMal 


Tons. 


78.828 

4,000 

000 


84,528 


Articles  shipped. 


Frnit 

Hides  and  leather 

Lumber 

Merofaandise,  general 

Potatoes 

Slabs  and  wood 

Total 


Tons. 


102 

158 

6,878 

68,961 

78 

6,534 


81,701 


2520     REPORT   OF   THE   CHIEF   OF  ENGINEERS,  U.  8.  ARMY. 

K  Kl2. 

IMPROVEMENT  OF  PENTWATER  HARBOR,  MICHIGAN. 

The  governmental  improvement  of  this  harbor  was  commenced  in 
1867,  bat  before  that  time  a  narrow  channel  aboat  4  feet  deep  had 
been  made  by  local  action  to  connect  Pentwater  Lake  with  Lake  Mich- 
gan.  The  project  adopted  by  the  Government  was  to  increase  the 
channel  width  and  depth  to  150  and  12  feet,  respectively,  and  protect 
the  channel  by  lateral  piers  extending  into  Lake  Michigan.  Work  on 
this  project  has  been  in  progress  ever  since,  bat  the  depth  of  12  feet 
has  not  yet  been  obtained,  except  for  short  periods  following  dredging, 
the  piers  having  never  been  long  enough  to  maintain  sach  a  depth. 

No  work  was  done  at  this  harbor  daring  the  last  fiscal  year  until 
May  23, 1898,  when  operations  were  commenced  under  contract  with 
Nelson  J.  Gaylord,  of  Ludington,  Mich.,  for  rebuilding  about  440  feet 
in  length  of  tbe  north  pier,  as  described  in  the  following  extract  from 
the  report  of  Mr.  F.  W.  Lehnartz,  assistant  engineer  in  local  charge: 

It  is  proposed  to  out  this  work  down  to  zero  of  gange,  drive  ft  row  of  new  white 
oak  piles,  4  feet  hetween  centers  and  26  feet  long  in  the  work,  with  the  top  at  zero  of 

fange,  along  the  front  wall,  and  a  wall  of  triple  sheet  piles  of  2  inches  by  12  inches  by 
0  feet  white  pine  plank  along  the  rear  wall,  connecting  them  at  the  top  with  the 
old  straoture  by  means  of  screw  bolts  and  tie  rods,  and  to  bnild  a  new  tive-coarse 
superstructure  on  top.  Work  under  this  contract  commenced  May  23,  and  at  the 
close  of  the  fiscalyear  the  old  timber  and  filling  above  water  had  been  removed,  the 
old  piles  sawed  oflf  at  grade,  the  old  front  piles  capped  with  a  12  by  12  inch  timber^ 
the  guides  for  the  sheet  piles  put  in  place,  and  51  linear  feet  of  the  wall  of  triple 
sheet  piles  driven  along  the  rear  wall. 

The  condition  of  the  harbor  Jane  30,  1898,  was  bs  follows:  The 
north  pier,  consisting  of  1,824  feet  of  pile  work  and  402  feet  of  crib 
work,  had  a  total  length  of  2,226  feet  and  projected  610  feet  beyond  the 
shore  line.  Tbe  soatb  x^ier,  comprising  1,126  feet  of  pile  work  and  721 
feet  of  crib  work,  had  a  total  length  of  1,847  feet  and  projected  621  feet 
beyond  the  shore  line.  Both  piers  are  in  need  of  extensive  repairs, 
amoauting  in  part  to  a  practical  reconstruction,  nearly  2,000  feet  of 
their  length  being  more  than  twenty  years  old,  and  one-half  of  that 
length  approximating  thirty  years.  The  niaximnm  available  depth  at 
shoalest  part  of  channel  Jane  30,  1898,  was  10^  feet.  The  total 
expenditure  on  this  harbor  to  June  30, 1898,  was  $241,668.31,  of  which 
$403.35  were  si)ent  daring  the  last  fiscal  year. 

The  piers  reach  to  but  little  beyond  the  10-foot  curve  in  Lake  Mich- 
igan, and  for  this  reason  a  greater  navigable  depth  can  not  be  kept 
except  as  dredging  serves  to  give  it  temporarily.  Twelve  feet,  as  called 
for  by  the  approved  project,  can  be  obtained  and  held  with  any  reason- 
able permanence  only  when  the  piers  shall  have  been  extended  to  the 
15foot  curve,  now  from  300  to  400  feet  distant.  The  limit  of  extension 
at  present  authorized  is  200  feet  for  the  south  and  nothing  for  the  north 
pier.    The  old  portions  of  both  piers  must  be  rebuilt  above  water. 

The  estimate  for  1900  is  as  follows:  For  extending  the  south  pier  200 
feet,  $20,000;  rebuilding  1,800  feet  of  old  piers,  $21,600;  dredging, 
$4,000;  making  in  all,  with  due  allowance  for  supervision,  engineering, 
and  office  contingencies,  $50,000. 

This  harhor  is  in  the  Grand  Haven  collection  district,  and  the  nearest  port  of 
entry  is  Grand  Haven,  Mich.  The  Light-House  Establishment  maintains  a  harbor 
light  near  the  enter  end  of  south  pier.  There  is  a  life-saving  station  near  tiie  inner 
end  of  north  pier. 

Original  estimated  cost  of  improvement,  1867 $327, 713. 4M) 

Whole  amount  expended  to  JnoeSO,  1898 241,668.81 
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Mon«jf  ttatemetU. 

July  1,  1897,  balADM  Dnezpended «T,  C66.H 

Jdub  W,  18SB,  amount  expended  diiring  flwwl  year i U3.S6 

J11I7I,  1898,  bilBDce  Dnexpsnded T,  1£1.69 

July  1,  1S9S,  ontatondiD);  lUbilltica $708.07 

JqIj  1,  1898,  Mnonnt  ooTeiod  by  luioampUted  ooatracta 4,474-72 

6,183.29 

Jnlj  1,  1898,  b»Unoe  »v»il»ble 1,968.40 

IAmontit  (eatimatedj  reqnired  for  completion  of  BiUtioK  project 78,893.40 
AmauDtthfttoabeprofltabl^ekpendedinliBcalyeftreadiiigJuDeSO,  1900    60,000.00 
Babmitted  in  oompliance  with  reqafrementa  of  Motiona  2  of  river  aad 
hubor  Mte  of  1886  and  1867  mad  of  landry  civil  oot  of  Jnne,  4,  18K. 


Approprialioiu  for  inproving  harbor  al  Pmlaaltr,  Xlch. 


Il»rrb2,!8e7 $55,000 

April  10,1869  (allotnieiit} 17,820 

Jnlj  11,1870 10,000 

Kerch  3, 1871 10,000 

Jane  10, 1872 30,000 

March3,1873 20,000 

AnKnat  14, 187i! 10.000 

Judo  18, 1878 10,000 

March  3, 1879 P.OOJ 


March  ^1) 


AngaBt2,1883 910,000 

Jn&5,]884 15,000 

AogaatS,  1886 10,000 

Angoet  11, 1888 8,000 

6ept«iDberl9,  1890 8,000 

jDlyl3,1892 5,000 

AnguB*  18,1894 6,000 

Jiuie3,1896 8,000 

066  Total 248,820 


10,  000| 
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CONTRACTS  IN  FORCE  FOR  IMPROVIKO  HARBOR  AT  PENTWATBR,  MICH. 

Gi«en  Bay  Dredge  and  Pile  Driving  Company,  dredging,  dated  March  26,  1897; 
approyedy  April  IS,  1897 ;  date  of  beginning,  April  1, 1897 :  date  of  expiration,  September 
15  1897. 

William  A.  Starke,  dredgine,  dated  April  9,  1898;  date  of  approval,  April  20, 1898; 
date  of  beginning,  April  15, 1898 ;  date  of  expiration,  September  15,  18&. 

Nelson  J.  Gaylord,  pier  work,  dated  April  9, 1898;  approved,  April  22,  1898;  date 
of  beginning,  May  1, 1898;  date  of  expiration,  September  1, 1^. 


COBfMERCIAL    STATISTICS,    PENT  WATER    HARBOR,    MICHIGAN,    FOR    CALENDAR    TRAB 

ENDING  DECEMBER  31,   1897. 

Entran4ie$  and  olearancet. 


Calendar  year. 


1888.. 
l^H9a. 
1890,. 
1801  .. 
1892  a 


Number. 


300 


27 
l.UO 


Tonnage. 


i6.000 


2,559 
71,260 


Calendar  year. 


1893.. 
1894.. 
1895.. 

1896  a 

1897  a 


Knmber. 


116 

60 

500 


Tonnage. 


a  Not  stated. 

Two  new  lines  of  transportation,  one  to  Chicago  and  one  to  Sheboygan,  Wis.,  wen 
eetablished  during  the  year. 

BeceipU  and  shipments  hy  vessel,  1897. 
[Compiled  from  statement  famished  by  Fred  Neilseu,  Tillage  president.] 


Articles  received. 


Brick 

CORl 

Grain 

Gravel 

flay  and  feed  . 
Merchandise.. 
Miscellaneous 

Total... 


Tons. 


100 
100 
400 
200 
115 
657 
813 


1,945 


Articles  shipped. 


Fish 

Fmit 

Fomiture 

Lumber 

Potatoes 

Posts  and  ties  . 

Tan  bark 

Wood  and  slabs 

Total 


Tons. 


IS 
796 


3.oi£ 

2,< 
5.« 


38. 


KK  13. 

IMPROVEMENT  OP  LUDINGTON  HARBOR,  MICHIGAN. 

The  Government  part  in  the  development  of  this  harbor  dates  fro^^ 
1867,  when  private  enterprise  had  made  and  for  some  years  maiutain^^ 
a  narrow  channel  with  a  depth  of  7  feet  from  Lake  Michigan  to  Pei^ 
Marquette  Lake.  Operations  from  that  time  to  June  30, 1897,  are  ou^ 
lined  in  the  last  Annual  Report  (page  2930],  the  extent  of  pier  work  a3^ 
general  condition  of  the  harbor  at  that  time  being  as  follows :  The  nort^^ 
pier  had  a  total  length  of  1,452  feet,  and  projected  into  Lake  Michiga^ 
880  feet  beyond  the  shore  line;  the  south  pier,  comprising  567  feet  o^ 
pile  work  and  1,814  feet  of  crib  work,  had  a  total  length  of  2,381  fee^ 
and  projected  1,435  feet  beyond  the  shore  line.  The  available  channel 
depth  was  16^  feet. 

Operations  during  the  last  fiscal  year  consisted  in  rebuilding  sectiooB 
of  the  old  piers,  aggregating  510  feet  in  length,  as  described  in  the  fol* 
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lowing  extract  from  the  report  of  Mr.  F.  W.  Lehnartz,  assistant  engi- 
neer in  local  cbarge : 

CoDtnetor  William  Brownrigjc  continaed  the  work  of  recoDBtractiDg  parts  of  the 
two  pieis  near  shore  line,  which  was  commenced  in  the  previoos  fiscal  year,  aud 
eompieted  the  same  September  27, 1897. 

This  work  coneiBted  in  catting  down  to  zero  of  gange  the  old  timber  work  aboYd 
water,  drlTing  a  row  of  triple  sheet  piles  of  3  by  12  inches  by  26  feet  white- pine  plank 
on  the  channel  side,  protected  by  a  row  of  white-oak  piles,  4  feet  between  centers  and 
S3  feet  long;,  in  tlie  work,  and  connectins  the  same  at  the  top  by  means  of  binding 
timbeis,  wales,  screw  bolts,  and  tie-rods  to  the  remaining  old  stmctnre.  The  top  of 
the  piles  and  slieet  piles  is  at  the  level  of  zero  of  gaage.  A  new  snperstraotare  6 
feet  nigh,  and  resting  in  front  on  the  new  ronnd  piles  and  in  the  rear  on  the  old 
rear  wul,  was  pat  on  top,  the  pier  was  refilled  with  the  stone  saved  firom  the  old 
work,  and  a  plank  walk  3  feet  wide  was  laid  on  the  new  struotare.  The  part  of 
the  north  pier  thns  rebuilt  extends  from  station  10-f32  to  12-f  39, 207  linear  feet,  and 
the  leboilt  part  of  the  south  pier  firom  station  8-f  70  to  11-f  73,  303  linear  feet. 

The  total  amount  expended  in  improving  the  harbor  to  June  dO,  1898, 
▼as  $390,879.56,  of  which  $12,059.66  were  spent  during  the  last  fiscal 
year.  The  maximum  available  depth  of  the  shoalest  part  of  the  chan- 
nel Jnne  30, 1898,  was  16^  feet. 

A  special  report  in  relation  to  this  harbor,  dated  January  2, 1897,  was 
Bobmitted  to  Congress  in  compliance  with  the  provisions  of  the  river 
and  harbor  act  of  June  3, 1896,  and  published  as  House  Ex,  Doc.  No.  273, 
Pifty-fourth  Congress,  second  session.    The  estimate  was  as  follows: 

Extension  of  north  pier  700  feet»  at  $120  per  foot 984,000 

Extension  of  south  pier  300  feet,  at  $150  per  foot 45,000 

Dredging  60,000  cubic  yards,  at  15  cents  i>er  cubic  yard 9,000 

Keconstruction  of  1,600  feet  piers,  at  $25  per  foot 40, 000 

Bepsirs  to  pile  revetment  of  sonth  pier,  567  feet,  at  $20  per  foot 11, 340 

Vinor  repairs  to  remaining  piers 1,660 

191,000 
Tsipercent  for  contingencies 19,000 

ToUl 210,000 

The  estimate  under  the  present  approved  project  for  1900  is  for  re- 
building 1,760  feet  of  old  piers,  $35,000;  dredging  and  minor  repairs, 
t^OOO;  making,  in  all,  with  due  allowance  for  engineering,  supervision, 
and  office  contingencies,  $45,000. 

,  The  harbor  is  in  the  Grand  Haven  coUeotion  district,  and  the  nearest  port  of  entry 
iiQnod  Haven,  Mich.  The  light-house  establishment  maintains  a  harbor  light  and 
%  whistle  near  the  end  of  south  pier.  There  is  a  life-saving  station  near  the  inner 
«i  of  north  pier. 

Original  estimated  cost  of  work,  1867 $270,682.00 

wnated  oost  of  enlarged  project  of  1890 111,000.00 

_    Total 381,682.00 

Wholeamoimt  expended  to  Jnne  30, 1898 380,879.56 

Money  statement. 

J"*!;  1, 1«97,  balance  unexpended $19,614.20 

MedO,]^  amount  expended  during  fiscal  year 12,059.66 

^°!7l)  1898,  balanoe  unexpended 7,554.54 

J«^y  1,1888, outstanding  liabilities $54.55 

^^  \  1898,  amount  covered  by  uncomplet-ed  contracts 4, 000. 00 

4, 054. 55 

%  1,1898,  balance  available 3, 499. 99 

in  fiscal  year  ending  June  30, 1900    45,000.00 
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Appropriation$  for  improving  harbor  at  Ludington,  Mieh. 


March  2,1867 $50,000.00 

April  10, 1869  (allotment) ....  31, 185. 00 

July  11, 1870 10,000.00 

March  3, 1871 10,000.00 

June  10,  1872 10,000.00 

March  3, 1873 25,000.00 

June23,1874 20,000.00 

March  3, 1875 10,000.00 

August  14, 1876 10,000.00 

Junel8,  1878 15,000.00 

March  3, 1879 5,000.00 

Jnne  14,  1880 8,000.00 

March^l881 10,000.00 


AuffU8t2,1882 $12,000.00 

July  5, 1884 10,000.00 

August  6, 1886 56,250.00 

August  11, 1888 60,000.00 

July  13,1892 5,000.00 

August  18, 1894 6, 000. 00 

June  3, 1896 25,000.00 

Total 388,436.00 

Amount  carded  to  tlui  Mir  plus 
fund,  1872 .90 

388, 434. 10 


OONTKACTS  IK  FORCB  FOB  IMPROVINO  HARBOR  AT  LUDINGTOK,  MICH. 

Green  Bay  Dredge  and  Pile  Driving  Company,  dredging,  dated  March  26, 1897; 
approved  April  13,  1897;  date  of  heginning,  April  1, 1897;  date  of  expiration,  Sep- 
tember 15.  1897. 

William  Browning,  pier  work,  dated  March  26, 1897;  approyed  April  9, 1897;  date 
of  beginning,  April  15,  1897;  date  of  expiration,  September  15, 1897. 

William  A.  Starke,  dredging,  dated  April  9, 1898;  approved  April  20, 1898;  date 
of  beginning,  April  15, 18^;  date  of  expiration, 'September  15, 1898. 


OOMMSRGIAL  STATISTICS,  LUDINOTON  HARBOR,  MICHIGAN,   FOR  OALSNDAS  TBAR 

ENDING  DECBMBRR  31,   1897. 

Entrances  and  cUarances. 


Calendar  year. 


1888 
1R8» 
1890 
1891 
1892 


Number. 


1,778 
1,759 
2,270 
2,420 
1,069 


Toxmage. 


277,074 


461,997 
610,057 
538,568 


Calendar  year. 


1893 
1894 
1895 
1896 
1897 


Number. 


979 
1,466 
1,556 
1,996 
2,068 


Tonnafe. 


211, 
426.  i 
894, 12» 
952,469 
2,94i.4]» 


BecHptt  and  9Mpment$  hy  vessel,  1897. 
[Compfled  tram  statement  fturniahed  by  the  collector  of  ouatoma  at  Grand  Haven,  Mich.] 


Articlea  received. 


Coal 

Feed 

Floor 

Grain 

Hid«e 

Lime  and  cement  — 

Lumber 

Merchandiae,  general 

Hiacellaneona 

Pig  iron 

Total 


Tone. 


1,468 

40.583 

225.014 

63,568 

924 

24,226 

47.596 

47,451 

774 

8.256 


454,860 


Articlee  ahipped. 


Bark 

Brick 

Coal 

Hides 

Lumber 

Merchandine,  general 

Miaoellaneoaa 

Pig  iron 

Potatoes 

Salt 

Total 


Tons. 


79,  W«^ 

•4,871 

2.190 

112,510 

49,  ag 

33,199 

441 

176,819 


497.744 
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K  K  Z4. 

nfPROVEMENT  OF  MANISTEE  HARBOR.  MICHIGAN. 

The  improvemeiit  of  this  harbor  by  the  Goyemment  has  been  in 
progress  since  1867,  and  the  last  Annual  Report  outlines  the  operations 
to  June  30, 1897  (pp.  2933-2934).  The  conditions  existing  at  that  time 
were  as  follows:  The  north  pier,  comprising  1,304  feet  of  pile  work  and 
1,602  feet  of  crib  work,  had  a  total  length  of  2,906  feet,  and  projected 
1,230  feet  beyond  the  shore  line;  the  soath  pier,  all  crib  work,  was  1,200 
feet  long,  and  projected  665  feet  beyond  the  shore  line. 

Operations  during  the  last  fiscal  year  were  limited  to  dredging,  the 
work  being  done  between  July  13  and  31,  1897,  by  the  Green  Bay 
Dredge  and  Pile  Driving  Company,  under  contract  dated  March  26, 
1^7.  The  amount  excavated  was  11,664  cubic  yards,  and  resulted  in 
increasing  the  channel  depth  at  the  shoalest  points  from  13^  to  15  feet. 

The  totel  amount  expended  for  improving  the  harbor  June  30, 1898, 
was  $361,858.32,  of  which  $1,856.50  were  spent  during  the  past  fiscal 
year.  The  maximum  available  depth  at  the  shoalest  part  of  the  channel 
June  30, 1898,  was  14  feet. 

The  approved  project  of  improvement  calls  for  the  addition  of  350 
feet  to  the  south  pier,  and  this  should  be  made  as  soon  as  possible,  as 
it  is  impracticable,  under  the  present  condition  of  affairs,  to  maintain 
the  required  channel  depth.  In  addition  to  some  minor  repairs,  300 
linear  feet  of  crib  work,  over  twenty  years  old,  is  so  badly  decayed 
that  it  should  be  entirely  rebuilt  above  water.  Dredging  is  required 
annually  for  restoring  the  navigable  depth. 

The  estimate  for  1900  is  therefore  as  follows :  For  extending  the  south 
pier  350  feet  to  complete  the  present  project,  $42,000;  rebuilding  300 
feet  of  old  pier  above  water,  $3,600;  minor  repairs  and  dredging,  $5,000 : 
mining  in  all,  with  due  allowance  for  8ux>ervision,  engineering,  ana 
office  contingencies,  $55,000. 

The  harbor  is  in  the  Grand  Haven  collection  district^  and  the  nearest  port  of  entry 
is  Grand  Hayen,  Mich.  The  light-honse  establishment  maintaina  a  coast  light  on 
yie  diore  north  of  the  harbor  and  a  pierhead  light  and  fog  whistle  near  end  of  north 
pier.    There  is  a  life-saying  station  near  inner  end  of  north  pier. 

Original  estimated  ooet  of  the  work,  1866,  amended  in  1871, 1875, 1800,  and 

1892 $408,000.00 

Whole  amount  expended  to  Jnne  30,  1898 861,868.32 

Money  statement 

Jnlyly  1897,  balance  unexpended $14,998.18 

Jane  90, 1898,  amount  expended  during  fiscal  year 1,856.50 

July  1, 1898,  balance  unexpended 18, 141.68 

Julyl,  1888,  outstanding  liabUities $53.80 

July  1, 1896,  amount  ooyered  by  uncompleted  contracts 3, 000. 00 

8,063.80 

July  1, 1898,  balance  ayailable 10,087.88 

(Amount  (eetimated)  reMonired  for  comnletion  of  existing  project 50, 000. 00 

Amount  tiiat  can  be  profitably  expended  in  fiscal  year  endiug  J nne  80, 1900  55, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  ciyil  act  of  June  4, 1897. 
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Appropriations  for  imprwing  Ka/rhor  ai  MamiMUe,  ifioJk. 


March  2,1867 $60,000 

Jnlyll,  1870 20,000 

Msroh8,1871 9,000 

June  10, 1872 10,000 

March  3, 1873 10,000 

Jan623,  1874 10,000 

March  3, 1875 25,000 

August  U,  1876 14,000 

June  18,1878 15,000 

March  3, 1879 10,000 

Junel4, 1880 10,000 


March  3, 1881 $10,000 

August  2, 1882 15,000 

Julys,  1884 10,000 

August  6, 1886 10,000 

Augast  11, 1888 10,000 

September  19, 1890 50,000 

July  13, 1892 50,000 

August  18, 1894 12,000 

Junes,  1896 15,000 

Total 375,000 


CONTRACTS  IN  FORCS  FOR  mPROVING  HARBOR  AT  MANISTEB,  MICH. 

Green  Bay  Dredge  and  Pile  Driving  Company,  dredging,  dated  March  26, 1897; 
approyed  April  13, 1897 :  date  of  beginn  ing,  April  1, 1897 :  date  of  expiration,  Septem- 
ber 15,  1897. 

William  A.  Starke,  dredging,  dated  April  9, 1898;  approved  April  20, 1898;  date  of 
beginning,  April  15, 1898;  date  of  expiration,  September  15, 1898. 


COMMSRCIAL  STATISTICS,  MANISTEE  HARBOR,  MICHIQAN,  FOR  CALENDAR  TEAR 

ENDINO  DECEMBER  31,  1897. 

Enirancn  and  oloaranou. 


CalendAr  year. 


1888 
1889 
1890 
1891 
1882 


Number. 


8,695 
8,524 
8,091 
8,617 
4,044 


Tonnage. 


900.221 

945,329 

975,049 

1,079,818 

1,028,629 


Calendar  year. 


1893 
1894 
1895 
1890 
1897 


Nomber. 


2,831 
8,004 
3,054 
2,355 
2,871 


Tonnage. 


959,550 
966,46} 
930.645 
043,048 
006,009 


BeeeipU  and  $hipmenU  by  vesBel,  1897, 
[Compiled  Arom  statement  famished  by  the  collector  of  cnstoms  at  Grand  Haven,  Hich.] 


Articles  received. 


Brick 

Cosl 

Flonr 

Grain 

Hay  and  feed 

Logs 

Merchandise,  general 

Misoellaneona 

Stone  

Total 


Tons. 


1,475 

2,554 

4,983 

3,023 

8,023 

1,100 

0,297 

188 

840 

24,542 


Articles  shipped. 


Bark 

Fmit 

Lomber 

Merchandise,  general 

Piles 

Pototoes 

Salt 

Staves 

Wood 

Total 


Tons. 


9,503 

111 

838,913 

2,  MS 

403 

375 

196,027 


2.428 


661,006 


KK  15. 

HARBOR  OP  REFUGE  AT  PORTAGE  LAKE,  MANISTEE  COUNTY,  If ICHIOABT. 

The  improvements  at  this  place  by  the  Oovemment  were  commenced 
in  1879,  with  a  view  to  making  a  harbor  of  refuge  for  general  com- 
merce, and  the  progress  of  the  work  to  June  30, 1897,  is  outlined  in 
the  last  Annual  Report  (page  2936). 

Operations  during  the  last  fiscal  year  consisted  in  dredging  18,019 
cubic  yards  of  sand  from  the  channel  way  between  piers;  reboilding 


•D  the  plan,  and  the  •Ame  depth  on  ths  outer  bar. 

be  beEmniuK  of  the  fieoal  year  *  contraot  wae  in  force  with  Nelaon  J.  Gay- 

lAted  llaj  23, 189T,  for  the  reooDatroction  of  the  aontb  pier  from  (latloD  7+70 

oater  end.  The  operBtioni  conaiat«d  in  ontting  the  old  work  down  to  grade, 
ig  a  wall  of  triple  iheet  piles  alopg  the  iront  and  48  linear  feet  of  the  rear 
with  oroea  waUa  at  the  onter  end  and  connecting  the  inner  end  of  the  rear 
piling  with  the  front  wall,  protecting  the  aheet  piling  with  a  row  of  round 
and  bnilding  a  S-eonrae  aDperatmotiu'e  on  top.  The  triple  sheet  piles  oou- 
'  3  by  12  inch  by  2i  feet  white  pine  planka  In  the  front  and  outer  end  walla, 
'  3  by  12  inch  by  18  fiset  white  pme  plauka  in  the  rear  and  interior  croaa  walla. 
>nnd  piles  are  of  white  oak  ana  30  feet  long  in  the  work.  The  top  of  the  aheet 
md  round  nilea  in  the  aide  walla  ia  at  the  level  of  sero  of  gauge  and  in  the 
walls  at  O.S  feet  above  cero.    Ilie  aheet  pilea  are  aecnred  at  the  top  by  lueana 

by  IS  inch  binding  timber  and  acrew  bolta,  and  the  round  pilea  are  tied  to  the 
with  an  onter  wale,  acrew  bolta,  and  tie.rods.     The  Biiperetructuni  ia  6  feet 

ita  ^nt  wall,  oater  end  wall,  and  the  part  over  the  aheet- pileit  portion  of  the 
rail  rest  on  the  new  oak  pilee,  the  remainder  of  the  rear  wall  on  the  old  rear 
llie  oroea  ties  ai«  8  feet  apart,  center  to  cent«r.  The  part  of  the  pier 
ed  by  sheet  pilee,  at  the  onter  end,  was  tilled  with  aand  to  1  foot  below  zero, 
ith  atone  on  the  aand  to  the  top  of  the  work,  and  it  was  decked  with  3  by  12 
rhite  pine  plank.  A  plank  walk  3  feet  wide  waa  laid  on  the  remainder  of 
bnilt  work.  The  previoosly  removed  old  edginga,  as  far  as  they  were  still 
eable,  were  replaced  in  the  pier,  and  78  corda  atone,  furnished  by  tht>  con- 
V,  wer«  diatribnted  on  the  same.  The  contractor  fumiahed  all  the  material  with 
:oeption  of  the  13  by  12  inch  timber,  which  belonged  to  the  United  St>a(«8,  and 
n  hand  at  the  harbor.  The  oontract  was  completed  November  30,  1897.  In 
]nene«  of  theae  repain  the  aontb  pier  attained  an  additional  length  of  3  feet. 
April  9,  1898,  a  contract  waa  entend  into  with  William  Brownrigg  for  raiaing 
iperatmctDre  of  the  pile  work  in  the  north  pier  2  feet,  and  for  refilling  the 
with  stone.  Operations  wen  oommsnoed  May  19,' and  at  the  end  of  the  fiscal 
the  timber  work  had  been  completed  and  about  162  corda  stone  had  been 
ed  and  diatribnted  in  parts  of  the  plera.  It  will  require  about  340  corda  stone 
to  complete  the  oontract.  The  new  ttmbera  cover  the  entire  pile  work  in  the 
pier,  as  well  as  In  the  wing  at  the  east  end. 

e  condition  of  the  piers  at  the  close  of  the  fiscal  year  was  as  fot- 
:  North  pier,  comprising  1,342  linear  feet  of  pile  work  and  161  feet 
■ib  work,  had  a  total  length  of  l,4t)3  feet  and  project«d  fil5  feet 
nd  the  liake  Michigan  shore  line.  As  a  resnlt  of  the  repairs  made 
12  the  nast  two  years  this  oier  is  now  in  srood  serviceable  condition 
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fhey  now  end  at  the  10-foot  carve.  The  work  done  daring  the  past  two 
years  has  simply  restored  the  piers  to  the  condition  in  which  they  were 
more  than  ten  years  ago,  and  anless  they  are  now  prolonged  to  deep 
water  the  whole  expenditnre  of  nearly  $150,000  will  have  been  aseless 
as  respects  its  essential  purposes. 

The  estimate  for  1900  is  therefore  as  follows:  For  1,600  linear  feet 
of  pier  extension,  $125,000;  rebuilding  787  linear  feet  of  sonth  pier, 
$15,000;  dredging,  $5,000;  making  in  all,  with  dne  allowance  for  saper- 
vision,  engineering,  and  office  contingencies,  $155,000. 

The  harbor  is  in  the  Grand  Hayen  oolleotion  distriot,  and  the  nearest  port  of 
entry  is  Grand  Haven,  Mich.  The  Light-Hoose  Establishment  maintains  a  harbor 
and  range  light  near  the  outer  end  of  north  pier. 

Original  estimated  eost  of  work,  1879,  amended  in  1890 $267,600.00 

Whole  amoont  expended  to  Jnne  SO,  1898 141,223.31 

M(yMy  statement. 

JvXj  If  1897,  balance  unexpended $26,392.36 

June  30, 1898,  amount  expended  daring  fiscal  year 17, 115. 66 

Jaly  1. 1898,  balance  unexpended 9.276.69 

July  1, 1898,  outstanding  liabilities.... $2,115.88 

July  1, 1898,  amount  covered  by  uncompleted  contracts 3, 803. 97 

6,919.36 

July  1,1898,  balance avaUable 3,367.34 

(Amount  (estimated)  required  for  completion  of  existiuff  project 160, 000. 00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jiine30, 1900  155, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AppropHations  for  harhor  ef  refuge  ai  Portage  Lake,  Michigan, 


March  3, 1879 $10,000 

June  14,1880 10,000 

March  3, 1881 10,000 

August  2, 1882 25,000 

July  5, 1884 12,500 

August  5, 1886 15,000 


August  11, 1888 nO^OOO 

September  19, 1890 8^000 

August  18, 1894 25,000 

June  3, 1896 25,000 

Total 150,600 


Ahatraet  of  hide  for  repairing  Oovemment  pier  ai  Portage  Lake,  Michigan,  reeeh:ed  and 
opened  March  gl,  1898,  in  accordance  utiih  advcrtieemmit  dated  February  19, 1898, 


a\ 
2 
8 
4 
6 
6 
7 

»8 


Kame  snd  address  of  bidder. 


To  fkimiih  fdUowing  materisl  and  ■eenre 
It  in  place. 


Z  (4  s  ^     • 


William  Browndeg.  Maniatee,  Hioh 
Kelson  J.  Gavlora, XudiDgtoo,  Mioh 

Z.  L.  Beauvafs,  Muskegon,  Mioh 

Robert  B.  Rioe,  Maskegon,  Mich  . .. 
William  Molvor,  Marseilles, lU  . ... 

Adoloh  Green,  Green  Bay,  Wia 

Lynon  &  Weimer,  Lndington,  Mioh 
Love  Sl  Westk  Mnakegon,  Mioh 


$18.75 
19.00 
10.50 
20.00 
20.25 
21.00 
21.60 
22.00 


«  9  S 
So  u 


1^^ 


^1 


(knu, 
2 

r 


It 


a  o  g 

OQ 


15.85 

6.10 
5.40 
6.75 
&25 
5.85 
&80 
&00 


Approzi 
mate 
totaL 


$4,863.21 

4.900.91 

6,286.81 

5.374.M 

5,«5LM 

5.6fl2.» 

6,96&21 


aContraet  entered  into  April  0, 1898. 

b  Goarantora*  aignatorea  not  witnessed ;  oertifloate  not  ezeonied. 
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OOKTHACTS  IN  FORCS  TOR  HARBOR  OV  RRFUGS  AT  P0RTA6S  LAKX,  MICHIGAlf. 

Green  Bay  Dredge  and  Pile  Driving  Company,  dred^ing^  dated  March  26, 1897; 
approved  April  13,  1897;  date  of  beginning,  April  1,  1^;  date  of  expiration,  Sep- 
tember 15y  1897. 

Kelson  J.  Gay  lord,  pier  work,  dated  May  22, 1897;  appioTed  Jane  3, 1897;  date  of 
beginning,  Jane  1, 1897;  date  of  expiration,  November  1, 1897;  extended  to  Novem- 
ber 15,  1^. 

William  A.  Starke,  dredging,  dated  April  9, 1898;  approved  April  20, 1896;  date  of 
beginning,  April  15,  1898;  date  of  expiration,  September  15,  1898. 

William  Brownrigg,  pier  work,  dated  April  9, 1898;  approved  April  20, 1898;  date 
of  beginniiig,  May  1, 1^;  date  of  expiration,  September  1, 1898. 


COMMERCIAL  STATISTICS. 

Ho  coomiercial  BtatisticB  can  be  obtained. 


K  K  x6. 

IMPBOVEHENT  OP  FEANKPOBT  HABBOR,  MICHIGAN. 

The  improvements  at  this  harbor,  by  the  Grovernment,  were  com- 
menced ander  the  river  and  harbor  act  of  Jane  23, 1866,  and  operations 
to  June  dOy  1897,  are  oatlined  in  the  last  Annual  Eeport  (p.  2939). 
The  project  now  in  coarse  of  execation  was  adopted  by  the  river  and 
harbor  act  of  Jane  3, 1896,  and  its  object  is  to  provide  and  maintain 
a  navigable  channel  depth  of  18  feet. 

Operations  daring  the  last  fiscal  year  consisted  in  making  some 
minor  repairs  to  the  old  piers  and  in  rebnilding  two  anserviceable  sec- 
tious,  aggregating  966  feet  in  length,  as  described  in  the  following 
extract  from  tiie  report  of  Mr.  F.  W.  Lehnarts,  assistant  engineer,  in 
local  charge: 

Plane  had  been  made  daring  tbe  previone  fiscal  year  for  rebnilding  the  snper- 
Btroetnre  of  parte  of  the  old  piers,  and  on  June  25,  1897,  bids  had  been  opened  for 
doing  the  work.  The  lowest  bidder  was  Nelson  J.  Gay  lord,  and  contract  was  entered 
into  with  him  July  2.  Operations  were  commenced  Anjnist  4,  and  the  work 
was  completed  November  20.  The  parts  of  the  two  piers  repaired  were :  North  pier, 
station  S-f  95  to  8447,  452  linear  feet,  and  sonth  pier,  station  1+85  to  6+99,  514 
linear  feet.  The  old  work  was  cat  down  to  zero  of  gauge.  A  row  of  white-oak 
piles,  4  feet  between  centers  and  32  feet  long  in  the  work,  with  the  top  at  zero  of 
gauge,  was  driven  along  the  channel  wall  of  the  old  work,  and  a  new  snperstmo- 
tnre  pat  on,  the  front  wall  resting  on  the  new  piles,  and  tlie  rear  wall  on  the  old 
sabetmctare.  The  saperstructure  is  5  feet  high  throughout  in  the  front  wall,  bat 
only  3  feet  high  in  the  rear  wall  from  the  inner  end  to  near  the  shore  line,  and 
thence  5  feet  high.  The  old  stone  filling  was  replaced  in  the  work,  and  a  walk  3  feet 
wide  was  placed  on  top. 

A  contract  for  repairing  about  280  feet  more  of  the  old  work  in  the  south  pier  in 
a  manner  similar  to  that  of  last  season  was  entered  into  with  Robert  B.  Rice  under 
date  of  April  9,  1898,  but  actual  operations  have  not  yet  commenced.  The  con- 
tractor wishes  to  postpone  this  until  the  plant  now  in  use  by  him  on  the  repairs 
at  Charlevoix  Harbor  becomes  available. 

Some  broken  timbers  in  the  upper  courses  of  the  front  wall  of  the  south  pier, 
between  stations  0+60  and  0+88  and  between  stations  1+05  and  1+33,  were  cut  out 
and  replaced  by  new  ones. 

The  condition  of  the  harbor  at  the  close  of  the  year  was  as  follows: 
Korth  pier,  comprising  395  linear  feet  of  pile  work  and  1,104  feet  of  crib 
work,  had  a  total  length  of  1,499  feet,  and  projected  700  feet  beyond 
the  shore  line;  sonth  pier,  comprising  186  feet  of  pile  work  and  1,752 
feet  of  crib  work,  had  a  tot£^  length  of  1,938  feet,  and  projected  1,460 
sua  98       159 
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feet  beyond  the  shore  line.  The  oater  section  of  this  pier,  400  feet 
lengthy  was  bailt  by  the  Toledo  and  Ann  Arbor  Kailway  Company 
1896-97,  at  its  own  expense,  in  order  to  expedite  work  ander  the  ne^ 
adopted  project  of  improvement.  The  maximum  available  depth  at  i 
shoalest  part  of  the  channel  Jane  30, 1898,  was  scant  16  feet,  the  wi( 
of  channel  at  that  depth  being  less  tlian  60  feet 

The  amoant  expended  on  this  harbor  to  Jane  30, 1898,  was  $333,413. 
of  which  $9,065.57  were  spent  daring  the  past  fiscal  year. 

The  completion  of  the  project  now  in  coarse  of  execution  requires  i 
immediate  extension  of  the  north  i)ier  by  600  feet,  to  supplement  tl 
already  made  to  the  south  pier  at  the  expense  of  the  railway  compa 
and,  besides  some  minor  repairs  to  the  old  piers,  two  unserviceable  £ 
tions,  aggregating  650  feet  in  length,  must  be  rebuilt;  dredging 
obtain  the  depth  called  for  will  also  be  required  throughout  the  chan 
way  between  the  piers. 

The  estimate  for  1900  is,  therefore,  as  follows :  For  extending  the  no 
pier  600  feet,  $55,000;  rebuilding  650  linear  feet  of  old  piers,  $6,5< 
minor  repairs  of  piers  and  dredging,  $8,000;  making  in  all,  with  ( 
allowance  for  supervision,  engineering,  and  office  contingeucieSy  $75,C 

The  harbor  la  in  the  Grand  Haven  collection  district,  and  the  nearest  port  of  ot 
is  Grand  Hayen,  Mich.  The  light-house  establishment  maintains  a  harbor  light 
fog  bell  near  the  outer  end  of  south  pier.  There  is  a  life-saving  station  on  the  ii 
end  of  south  pier. 

Original  estimated  cost  of  the  work,  1866,  amended  in  1868, 1879,  and  1892  $325, 65) 
Whole  amount  expended  to  June  30,  1898 333,41^ 

Money  statement 

July  1, 1897,  balance  unexpended $18,  Sf 

June  30,  189^,  amount  expended  during  fiscal  year 9,0 

July  1, 1898,  balance  unexpended 9,f 

July  1, 1898,  outstanding  liabilities $36.00 

July  If  1898,  amount  covered  by  uncompleted  contracts 5, 846. 98 

-J: 

Jfdjl,  1898,  balance  available 9 

(Amount  (estimated)  required  for  completion  of  existing  project 0 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900    7 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


ApprapriatUmB  for  improving  harbor  at  Frankfort,  Mieh. 


Anx  Bees  Boies,  Mich. : 

June  23, 1866 $88,541.00 

March  2,*1867 10,000.00 

July  25, 1868  ( allotment) .  10, 000. 00 

April  10, 1869  (allotment) .  29, 318. 85 

July  11.  1870 10,000.00 

Marchd,  1871 10,000.00 

"  '       MicK: 

10,000.00 


Frankfort,  Mich. : 

August  2,  1882 

July  5, 1884 

Augusts,  1886 , 

August  11, 1888 

September  19,  1890 

July  13, 1892 

August  18,  1894 

June  3,  1896 
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IWrod  of  bids  for  repairing  Government  pier  at  Frankfort^  Mich,,  received  and  opened 
March  £1,  IS&S,  in  accordance  with  advertisement  dated  February  19, 1898, 


of  Name  and  addre»«  of  bidder. 

bid.1 


«  2 

IS 

o  e 
a  a 


2. — To  fnm^'Bh  foUowiDe  material  and  secure 

place. 


it  in 


09 


^  I   —a 


a  « 
AS 


^ 


I  • 

r-pq 

CO  ^ 

o  ^ 


A 
^ 


•.a 
to  M 

IS 


';^ 


n 


1.75     .29  1  31.50   20.50    18.25 


•1 1  Bob«Tt  B.  Bice,  Maakegon, 

Mich $1.15$0.31i$40.00$20.00$15.00 

%  William  Mclvor,  Marrteilles, 

111 

8  Lynch  &  "Weimer,  Liuding- 
tOD,  Mich 

4  Nelson  J.  Gajlord,  Loding- 

ton,  Mich 

5  Adolph  Green,  Green  Bay, 

Wis 

1 1  John  M.  Allmendinger,  Ben- 
ton Harbor,  Mich 

^7  LoT«  &,  West,  Muskegon, 
Mich 


a 
s 

s.. 

'0 


O 

.a 
P 


1.20. 
1.50 
1.95 
1.50 
L75 


.28     40.  OU   21.50.  18.00 
.32     35.  UO   21.00   19.00 


.29 
.80 
.40 


30.00  21.00 

I 
32.00  24.00 

I 
40.00   22.00 


20.00 
20.00 
21.00 


Ot». 
2 

2i 

2i 

2 

2 

2 

3 


t 

a 

0 

o 

Qt 

^  P 

I 


H 

2* 
8 
8 
8 


• 


SI 

CO 


6 

H 


Cto. 
8 

2i 

2A 

2* 

2i 
8 

8 


& 

M 

I 

P 
0 

8. 

3 
8 


00 


8 

8 

2* 
8 

n 

8 


a 

0 

&. 

0 

2 


5 


Approx* 
imate 
totaL 


Ote. 
2i  $2, 848. 98 


8 

^ 

5 

4 
8 


2,989.88 
2,943.17 
2.993.50 
8.216.01 
8,235.58 
8,456.42 


a  Contract  entered  into  April  9,  1808. 

d Guarantors'  signatures  not  witnessed;  certificate  not  executed 


CONTRACTS  IN  FORCB  FOR  IMPROVING  HARBOR  AT  FRANKFORT,  MICH. 

Green  Bay  Dredge  and  Pile  Driving  Company,  dredging,  dated  March  26, 1897, 
approved  April  13,  18d7;  date  of  beginning,  April  1,  1897;  date  of  expiration,  Sep- 
tember 15, 1897. 

Nelnon  J.  Gay  lord,  pier  work,  dated  July  2, 1897,  approved  July  15,  1897;  date  of 
D^giuning,  July  1, 1^ ;  date  of  expiration,  November  1, 1897 ;  extended  to  November 
15, 18^7. 

William  A.  Starke,  dredging,  dated  April  9,  1898,  approved  April  20, 1898;  date  of 
WRmning,  April  15,  1898;  date  of  expiration,  September  15,  1898. 

Robert  B.  Rice,  pier  work,  dated  April  9,  1898,  approved  April  20,  1898;  date  of 
l>«giniung,  May  1, 1898;  date  of  expiration,  September  1,  1898. 


COHMIBCIAL   STATISTICS,   FRANKFORT    HARBOR,    MICHIGAN,    FOR    CALENDAR    YEAR 

ENDING  DECEMBER  31,   1897. 

Entrancee  and  clearances. 


CtlcBdar  year. 


un.. 

IKO.. 

1»1.. 
ma.. 


Number. 


1,342 


443 

1,541 

910 


Tonnage. 


216, 376 


57, 140 
258,908 
167, 777 


Calendar  year. 


1893 
1894 
1895 
1896 
1897 


•Not  Stated. 


Number. 


988 
1,101 
1.182 
1,374 
1,714 


Tonnage. 


278,709 
337,728 
412,961 
609,277 
706,640 


I 
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BeoeipU  and  ahipmenta  by  vesael,  1897, 
[Onnpfled  flrom  statement  fiiniislied  by  the  collector  of  cnstoms  at  Grand  HaTen,  Mich.] 


Artioles  receiTed. 

Feed 

Flour ^ 

Grain 

Lumber 

Merchandise,  general 

Total 


Tons. 


9,111 

15,259 

568 

123 

306 


25,367 


Artidea  shipped. 


Bark 

Lnmber 

MercbandUe,  general 

Pota  toes 

Wood 

Total 


Tons. 


14,511 

32,282 

6,654 

81 

603.450 


656,450 


In  addition  to  the  classified  tonnage  the  car  ferries  between  Frankfort,  Mich.,  and 
Kewannee,  Wis.,  carried  16^639  freight  oars,  average  weight  27,000  pounds,  m^ing 
224,627  tons. 


KKx7. 

IMPROVEMENT  OF  CHARLEVOIX  HARBOR,  MICHIGAN. 

The  present  commercial  harbor  at  this  place  has  been  made  by  estab- 
lishing a  navigable  channel  from  Lake  Michigan  to  lloaud  Lake.  The 
natural  oatlet  from  the  latter,  called  Pine  Kiver,  was  a  narrow  stream 
aboat  one* third  of  a  mile  long,  through  which  boats  drawing  3  or  3  feet 
might  pass.  Local  enterprise,  aided  by  State  land  grant,  improved  these 
conditions  by  dredging  the  river  to  a  depth  of  11  feet  and  building  short 
piers  at  its  outlet  into  Lake  Michigan,  thereby  obtaining  an  available 
depth  at  entrance  of  about  6  feet.  At  this  point  the  work  of  improve- 
ment by  the  General  Government  was  inaugurated  with  an  appropria- 
tion of  $10,000  in  the  river  and  harbor  act  of  August  14,  1876.  The 
project  of  improvement,  submitted  October  30,  1875,  was  the  basis  of 
operations,  and  provided  for  dredging  a  straight  channel  12  feet  deep 
through  Pine  River,  protecting  its  sides  by  pile  revetments,  and  its 
entrance  by  crib  piers  extending  to  12  feet  of  water  in  Lake  Michigan, 
with  a  channel  way  150  feet  wide  between  them.  In  1882  this  project 
was  extended  to  provide  a  revetted  channel  12  feet  deep  from  Eound 
Lake  to  Pine  Lake.  These  projects  have  been  duly  completed,  except 
as  respects  the  south  pier  at  the  Lake  Michigan  entrance. 

The  condition  of  the  harbor  and  extent  of  improvement  June  30, 1896, 
were  as  follows: 

Lower  channel^  from  Lake  Michigan  to  Bound  Lake, — Korth  pier  and 
revetments,  comprising  780  feet  of  crib  pier  and  945  feet  of  pile  revet- 
ment, had  a  total  length  of  1,725  feet,  and  ended  in  water  15  feet  deep 
in  Lake  Michigan  at  a  distance  of  740  feet  from  its  shore  line.  South 
pier  and  revetments,  comprising  491  feet  of  crib  pier  and  1,539  feet  of 
pile  revetment,  had  a  total  length  of  2,030  feet,  and  ended  in  water  11 
feet  deep  at  a  distance  of  370  feet  from  the  shore  line.  Available  depth 
of  channel,  15  feet. 

Upper  Channel  from  Bound  to  Pine  Lake. — North  revetment  339  and 
south  revetment  366  feet  long.  At  the  beginning  of  the  last  fiscal  year 
operations  had  been  commenced  under  a  contract  with  Jos.  A.  Beaa- 
vais,  dated  April  8, 1897,  to  repair  the  north  pier  from  Station  9+45  to 
14+23  by  removing  what  remained  above  water  of  the  old  crib,  and 
backing  their  submerged  portion  by  a  substantial  mass  of  riprap  stone, 
80  diflpofied  as  to  level  about  6  feet  above  the  water  surface  with  a  widtli 
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of  10  feet  and  have  a  slope  of  1  on  2  on  the  exposed  lake  side;  the  fac- 
ing of  the  exposed  slope  and  top  surface  to  be  of  stones  weighing  over 
1,U0  '  x>oaiids  each,  and  of  the  natural  slope  on  the  channel  side  over 
StM)  pounds ;  the  stone  filling  of  the  submerged  cribs  to  be  leveled  at  the 
water  surface  with  top  stones  weighing  at  least  200  pounds.  Operations 
were  continued  until  December,  1897,  when  the  work  was  completed  and 
contra'*t  closed.  The  total  amount  of  stone  placed  by  the  contractor 
was  1,036  cords.  Another  contract  was  entered  into  April  9, 1898,  with 
Robert  B.  Kice,  of  Muskegon,  Mich.,  for  repairing  723  feet  of  the  south 
revetment  of  the  Lower  Channel,  from  Station  4  to  11+23,  by  removing 
the  parts  of  the  old  structure  down  to  the  water  surface,  reenforcing  the 
front  row  of  piles  with  additional  ones  where  needed,  driving  a  new 
row  of  rear  piles,  and  placing  a  new  superstructure  rising  5  feet  above 
water  on  the  channel  face.  Operations  under  this  contract  were  com- 
menced June  3, 1898,  and  were  still  in  progress  at  the  close  of  the  fiscal 
year,  up  to  which  time  436  linear  feet  of  the  row  of  new  front  piles  and 
220  linear  feet  of  the  row  of  rear  piles  had  been  driven.  The  front  wale 
was  on  for  a  length  of  320  feet  and  the  rear  wale  for  a  length  of  303 
feet,  and  both  secured  with  screw  bolts  and  tie  rods.  The  first  course 
of  superstructure  was  completed  for  a  distance  of  259  feet,  the  second 
course  for  a  distance  of  248  feet,  and  the  third  course  for  a  distance  of 
227  feet. 

The  total  expenditure  for  improvement  and  maintenance  to  June  30, 
1898,  was  $127,340.08,  of  which  $8,640.38  were  spent  dui  ing  the  past 
fi.<cal  year.  The  available  channel  depth  at  the  close  of  the  year,  as 
shown  by  survey  made  May  21-24,  was  14  feet  in  the  lower  and  12  feet 
in  the  upper  channel.  The  work  done  during  the  past  year,  with  that 
in  progress  at  its  close,  will  make  the  repaired  section  of  pier  and  revet- 
ment good  for  a  long  time;  but  a  great  deal  of  similar  work  remains  to 
be  done  to  make  other  sections  of  the  old  piers  and  revetments  safe 
and  serviceable. 

The  completion  of  the  approved  project  calls  for  an  extension  of  200 
feet  to  the  south  pier,  and  the  maintenance  of  existing  improvements 
requires  repairs  as  indicated  above,  and  dredging. 

The  estimate  for  the  year  1900  is  as  follows:  For  pier  extension, 
$18,000;  rebuilding  1,000  feet  of  old  pier,  $10,000;  dredging,  $4,000; 
making  in  all,  with  due  allowance  for  superintendence,  engineering, 
and  office  contingencies,  $35,000. 

A  special  report  in  relation  to  this  harbor  was  submitted  December 
19, 1896,  and  is  printed  in  Report  of  the  Chief  of  Engineers,  United 
States  Army,  for  1897,  pages  2953-2954,  and  also  as  House  Ex.  Doc. 
144,  Fifty-fourth  Congress,  second  session.  It  was  made  under  require- 
ment of  the  river  and  harbor  act  of  June  3, 1896,  calling  for  the  esti- 
mated cost  of  providing  a  navigable  depth  of  16  feet.  The  estimate 
was  as  follows: 

Extending  north  pier  400  feet,  at  $100 $40,000.00 

Extending soath  pier 500 feet, at  $90 45,000.00 

Dred^g  40,000  cnbio  yards,  at  15  oents 6,000.00 

Repairs: 

Seoonstmction  of  north  plank-beam  reTetment,  945  feet,  at  $20 18, 900. 00 

Repairs  to  north  pier 6,000.00 

Reconstruction  of  south  plank-beam  revetment,  1,528  feet,  at  $17.50.  26, 740. 00 

Repairs  to  south  pier 2,820.00 

145, 460. 00 
Contingencies,  10 per  cent 14,540.00 

Total 160,000.00 
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The  harlK>r  is  in  the  Grand  Haven  collection  district,  and  the  nearest  port  of  entry 
is  Grand  Haven,  Mich.  The  Light-House  Kstablishoient  maintains  a  harbor  light 
near  the  enter  end  of  north  pier. 

Original  estimated  cost  of  the  work,  18G8,  amended  in  1876  and  1884 $186,000.00 

Wholeamoontexpended  to  June30,  lt<»8 127,340.08 

Money  atatetnent. 

Jnly  1, 1897,  balance  unexpended $21,806.30 

June  30, 1898,  amount  expended  during  fiscal  year 8,646.38 

Jnly  1, 1898,  balance  unexpended 13,159.93 

July  1, 1898,  outstanding  liabilities $2,310.81 

July  1,  1898,  amount  covered  by  uncompleted  contracts 5, 610. 78 

7, 921. 59 


July  1, 1898,  balance  available 5,238.33 


'Amount  (estimated)  required  for  completion  of  existing  project 45, 500. 00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30,1900  35, 000.  OO 
Submitted  in  compliance  with  requirements  oi  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  aud  of  sundry  civil  act  of  June  4, 1897, 


Appropriations  for  improving  harhor  at  Charlevoix^  Mich, 


August  14, 1876 $10,000 

June  18,  1878 12,000 

March  3, 1879 9,000 

June  14,  1880 10,000 

March  3, 1881 10,000 

AugU8t2,  1882 10,000 

July  5, 1884 10,000 

August  5, 1886 10, 000 


August  11,  1888 $12,500 

September  19, 1890 9,000 

Jnly  13, 1892 10,000 

August  18, 1894 8.00O 

June3,  1896 20,000 

Total 140,500 


Abatraot  afhidsfor  repairing  Government  pier  at  Charier oix^  Mich,,  received  and  opened 
March  SO,  1898,  in  accordance  with  advertisement  dated  February  28, 1898, 


No, 

of 

bid. 


a\ 
62 
8 
4 
6 
6 
7 
8 


Name  and  addrwa  of  bidder. 


i= 


a 

o 
ho 

p 
o 

JD 


2.— To  fiirniah  the  following  material  and  aeoare 

it  in  place. 


S   - 

r^  ■** 

ca 
o 


hi 


■*3 

o 


Bobert  B.  Rice,  Huslcegon, 
Mich 

Love  &.  Weet,  Muskegon, 
Mich 

Joseph  A.  Eeanvais, 
Charlevoix,  Mich 

Kelson  J.  Gay  lord,  Lad- 
ington,  Mich 

P.  \y.  Galloway,  Racine, 
Wis 

Adolph  Green,  Green  Bay, 
Wis 

Lynch  &  Weimer,  Lading- 
ton,  Mich 

Lipsett  Sc  Grigg,  8*alt 
Ste.  Marie,  Mioh 


w  y   —     -  aj 


$0.36 

.65 

.05 

.30 

LOO 

L20 

L25 

6.25 


$0.26 
'.28 
.25 
.32 
.28 
.28 
.31 
.62 


$35.00 
32.00 
28.50 
86.00 
35.00 
35.00 
40.00 
50.00 


.9c5g 


©5'*' 


$19.00 
19.00 
19.75 
20.00 
10.00 
19.50 
22.00 
19.75 


COJV 

-I 


$15. 00       2 


17.00 
19.75 
18.00 
15.00 
16.95 
18.25 
19.00 


2 
2 
2 

2i 
2 

2i 
8 


■* 
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» 
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« 

«  o 
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c 

o 

3 

1^ 

•ti  ® 

i^ 

• 

t^'» 

'9 

^  a 

8& 

«  3 

.« 

H^ 

CO 

Cti. 

C<J». 

C«#. 

24 

24 

3 

2 

2 

2 

2i 

24 

24 

2 

2 

2 

3 

3 

2 

2i 

24 

2 

2ft 

2A 

3 

8 

8 

8 

o 

.-I  p 

c 

U»3 

58- 


CfU. 

24 

2 

21 
2 

3 

8 

8 

3 


ApprozJ- 
mato 
totaL 


$5,748.56 
6. 037. 00 

6.20L** 
0,225.92 
6,646^53 
6, 710. 13 
7.444.43 

i2,6oa.ai 


a  Contract  entered  into  Apr.  0,  1898. 

ftOnarantora'  aignatures  not  witneaaed ;  certificate  not  exeoated. 
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CONTRACTS  IN  FOBCB  FOR  IMPROVING  HARBOR  AT  CHARLBYOIZ,  MICHIGAN. 

Green  Bay  Dredge  and  Pile  Driving  Company,  dredging,  dated  March  26,  1897; 
approved  April  13,  1897;  date  of  beginning,  April  1,  1)S7;  date  of  expiration,  Sep- 
tember 15,  1897. 

Jos.  A.  Beaavais,  pior  work,  dated  April  8,  1897;  approved  April  24,  1897;  date  of 
begiDDtDg,  May  1,  1897 ;  date  of  expiration,  October  1, 1897 ;  extended  to  November 
1,  H«7. 

William  A.  Starke,  dredging,  dated  April  9,  1898;  approved  April  20,  1898;  date 
of  beginning,  April  15,  1898;  date  of  expiration,  September  15,  1898. 

Robert  B.  Rice,  pier  work,  dated  April  9,  1898;  approved  April  20,  1898;  date  of 
beginning.  May  1, 1898;  date  of  expiration,  October  1, 1898. 


OOMMKRCIAL    STATISTICS,    CHARLEVOIX    HARBOR,    MICHIGAN,  FOR  CAUCNDAR  TSAR 

ENDING  DECEMBER  31,   lb97. 

Entranoea  and  olearaneet. 


Calendar  year. 

Knmber. 

Tonnage. 

Calendar  year. 

Knmber. 

Tonnage. 

1888 

528 
473 
532 
534 
637 

92,806 

1893 

820 
1,701 
528 
420 
545 

144.976 

188B 

1894 

838, 015 

1090 

75.224 
79.613 
79,966 

1805 

92,387 

1881 

1896 

-    75,268 

1882 

1897 

110,474 

BeeeipU  and  ahipmenU  by  veaael,  1S97, 

e  furnished  by  W.  H.  McCartney,  village  c 
by  the  coUeotor  of  ouatomB  at  Grand  Haven,  Mioh. 


[Compiled  from  statements  furnished  by  W.  H.  McCartney,  village  clerk,  Charlevoix,  Hioh.,  and 

'  "     Id  r 


Articles  received. 


Brick. 
Coal.. 
Grain. 


MsrcbanJise,  general. 
Misceilaneous 


It.. 
Weed 


Tons. 


1,600 

4.809 

1,817 

339 

1,955 

45 

224 

97 

225 

Total I      24,011 


Articles  shipped. 


Bark 

Fish 

Lumber 

Merchandise,  general 

Pig  iron 

Posts  and  ties 

Potatoes 

Slabs 

Wood 

Total 


Tone. 


10,500 

677 

52,464 

287 

1,300 

5,183 

1.749 

17,572 

20,493 


110,226 


K  K  i8. 


IMPROVEMENT  OF  PET08KEY  HARBOR,  MICHIGAN. 

The  project  for  the  improvement  of  Petoskey  Harbor,  authorized  in 
the  river  and  harbor  act  of  Augast  17, 1894,  provides  for  the  construc- 
tion of  an  outer  and  detached  breakwater,  so  designed  as  to  slielter  the 
landing  pier  from  westerly  storms  and  ^^ possibly  to  furnish  an  addi- 
tional area  within  which  vessels  could  take  shelter  on  occasions." 
Petoekey  is  situated  on  the  southeast  shore  of  Little  Traverse  Bay,  and 
prior  to  improvements  of  its  harbor  the  water  front  was  wholly  exposed 
to  winds  coming  from  between  the  west  and  northwest  across  Lake 
Michigan,  so  that  it  was  hazardous  to  make  a  landing  in  the  immediate 
vidni^  daring  gales  irom  the  directions  above  indicated.    Operations 


2536      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  S.  ARMT. 

were  commenced  in  1895,  and  up  to  June  30, 1897,  801  linear  feet  of 
breakwater  had  been  constructed. 

Operations  duiing  the  past  fiscal  year  were  limited  to  repairing  the 
damage  to  the  inshore  section  of  the  west  breakwater,  this  section  being 
a  slight  mass  of  riprap  in  extension  of  the  main  crib  structure.  The 
repairs  consisted  in  placing  70  cords  of  heavy  riprap  stone  to  supply 
voids  caused  by  the  action  of  heavy  seas  on  the  structure. 

The  total  amount  expended  to  June  30, 1898,  was  $51,731.31,  of  which 
$1^5.19  were  spent  during  the  past  fiscal  year. 

To  complete  the  improvement  as  projected  requires  600  additional 
feet  of  breakwater,  and  the  security  of  the  cribs  already  placed  requires 
considerable  additions  to  the  riprap  foundations  on  which  they  rest. 
The  estimate  for  1900  is,  therefore,  as  follows:  600  linear  feet  of  break- 
water construction,  $72,000;  additional  riprap  for  crib  foundations, 
$6,000;  making  in  all,  with  due  allowance  for  supervision,  engineering, 
and  office  contingencies,  $85,000. 

The  harbor  is  in  the  Grand  Haren  collection  district,  and  the  nearest  port  of  entry 
is  Grand  Hareu,  Mich.    The  nearest  light-house  is  at  Harbor  Point,  4  miles  distant. 

Original  estimated  cost  of  the  work $170,000.00 

Whole  amoont  expended  to  June  30, 1898 61,731.81 

Money  statement. 

July  1, 1897,  balance  unexpended $2,503.88 

June  30,  189i8,  amount  expended  duriug  fiscal  year 1, 235.  IS 


July  1,  1898,  balance  unexpended 1,268. 

July  1,  1898,  outstanding  liabilities 24.0C 


July  1,  1898,  balance  available 1,244.GS 


'Amount  (estimated)  required  for  completion  of  existing  project 117, 000.  OC 

Amount  that  can  be  profitably  expemled  iu  fiscal  yearending  JuneSO,  1900    85, 000.  OC 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  1897. 


Appropriations  for  improving  harbor  at  PetosJceiff  MioK 

Septembers,  1890 $15,0CM 

July  13,  1892 20,001 

August  18,  liJ94 10,001 

June3,  1896 8,00< 

Total 63,  DOC 


COMMBBCIAL    STATISTICS,  PET08KRT  HARBOR,   MICHIGAN,  FOR    CALKNDAR  TKAB 

ENDING  DKCBMBKK  31,  1897. 

Entrancei  and  clearances. 


Calendar  year. 

Number. 

Tonnage. 

Calendar  year. 

Number. 

Toimag6i 

Ig03 

1,338 
4.16U 
4,860 

8,000 
20.000 
28,000 

1898 

8,156 
4,862 

84.  ON 

1804 

I8y7 

91,000 

1885 

APPENDIX   K  K — ^BEPOBT   OP  LIEUT.  COU  LYDECKEB.     2537 


BeeeiptM  and  shipmenU  hjf  ve$sel,  1S97. 
(OoBiKfled  from  stetoment  fnrnJshed  by  Col.  Isam  D.  Toll,  of  Petoskey,  Mich.] 


Articles  rceelTed. 


Tiah 

noor 

Tnil 

Gnaa 

Bay  aa«l  ft-ed 

LiTO  stock 

MerchaiidiiNr,  (ooerml 

MisceUsooous 

fiftlt. 


Total 


Tons. 


1.200 
100 
615 
440 
100 
200 
10,600 
2,278 
210 


15,<M3 


Articles  shipped. 


I  Fann  products 
I  Flour 


Lime  and  cement 

Luiubor 

Miscellaneous  .... 

Potatoes 

Tan  bark 


Total 


Tons. 


75 
000 

1,000 
500 
825 
900 

1,200 


<«0 


K  K  ig. 

BUBYEY  OF  KAIAMAZOO  BIVER,  MICHIGAN,  FROM  SAUGATUCK  TO 

NEW  RICHMOND. 

[Printed  In  House  Doo.  No.  238,  Fifty-flfkh  Congre— ,  second  sesaion.] 
OFFIOB  OF  THE  OhIEF  OF  ENGINEERS, 

United  States  Abmy, 
Washington^  January  13j  1898. 

8m:  I  have  the  honor  to  submit  the  accompanying  copy  of  report 
of  December  28, 1897,  with  map,*  by  Gapt.  C.  McD.  Townsend,  Corps  of 
Engineers,  of  the  result's  of  a  survey  of  Kalamazoo  Eiver,  Michigan, 
from  Saagatuck  to  New  Bichmond,  made  to  comply  with  requirements 
of  the  river  and  harbor  act  of  June  3, 1896. 

Foot  projects  for  improvement  are  presented,  as  follows: 

1.  For  a  cluumel  with  a  depth  of  4  feet  at  low  water  and  bottom  width  of 

60  feet $6,000 

3.  For  a  channel  with  a  depth  of  6  feet  at  low  water  and  bottom  width  of 

75  feet 50,000 

3w  For  a  ehannel  with  a  depth  of  8  feet  at  low  water  and  bottom  width  of 

100  feet 100,000 

4.  For  an  8-foot  channel  extending  through  Indian  Channel  and  abandoning  , 

the  main  river  from  head  of  Indian  Cat  to  Indian  Point 78,000 

Captain  Townsend  estimates  that  the  channel  dredged  could  be  main- 
tained at  an  annual  cost  not  exceeding  lO.per  cent  of  the  original  outlay. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Qen.^  Chief  of  Ungineers, 
Hon.  B.  A.  Algeb,  U»  S.  Army. 

Seoretary  of  War. 


BXPOBT  OP  OAPT.  O.  M^.  TOWNSBND^  GOBPS  OP  ENGINEEBS. 

XJnited  States  Enginebb  Office, 

Qrand  Rapids^  Mich.j  December  28^  1897. 

OENBBAii:  In  compliance  with  section  9  of  the  river  and  harbor  act 
of  June  3, 1896, 1  have  the  honor  to  submit  the  following  report  of 


*Not  ieprint«d.    Printed  in  Hoose  Doo.  No.  233^  Fifty-fifth  CongresBy  second  session. 
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the  survey  of  Kalamazoo  Eiver,  MicMgan,  from  Saugatuck  to  New 
BichiDond : 

The  field  work  of  the  survey  was  executed  from  October  20,  1806,  to 
Janaary  15, 1897,  and  the  results  platted  at  such  times  as  the  force  was 
not  required  on  other  work.  A  tracing  of  the  map*  is  submitted  here- 
with, and  there  is  appended  a  report  of  Assistant  Engineer  G.  W. 
Bunker,  in  local  charge  of  the  sarvey  party,  which  explains  the  methods 
pursued  and  the  results  attained. 

From  Saugatuck  to  New  llichmond  the  distance  by  river  is  8.67  miles. 
From  Saugatuck  across  Kalamazoo  Lake  a  navigable  channel  now  exists 
of  a  depth  of  12  feet,  and  at  the  stage  of  water  at  which  the  survey 
was  made  a  navigable  channel  of  4  feet  depth  was  found  to  New  Bich- 
mond,  with  the  exception  of  a  portion  of  the  river  between  Indian 
Channel  and  Indian  Gut,  where  the  river  is  divided  into  two  channels, 
the  one  following  the  main  stream,  the  other  flowing  through  Indian 
Gut,  Indian  Bayou,  aiid  Indian  Ghaunel.  The  object  of  the  survey  has 
not  been  stated  in  the  act;  estimates  are  therefore  submitted  for  four 
projects : 

First.  A  channel  with  a  depth  of  4  feet  at  low  water  and  bottom 
width  of  50  feet. 

Dredgiug  8,053  cubic  yards,  at  25  cents $2,013.25 

Closing  Indian  Cut 1,000.00 

Contingencies » 1,986.75 

Total 6,000.00 

Second.  A  channel  with  a  depth  of  6  feet  at  low  water  and  bottom 
width  of  75  feet. 

Dredging  213,537  cubic  yards,  at  15  cents $32,030.55 

Closing  Indian  Cut 1,000.00 

Contingencies 16,969.45 

Total 60,000.00 

Third.  A  channel  with  a  depth  of  8  feet  at  low  waiter  and  bottom 
width  of  100  feet. 

Dredging  757,253  cubic  yards,  at  12  cents $90,870.36 

Contingencies 9,129.64 

Total 100,000.00 

Fourth.  An  8-foot  channel  extending  through  Indian  Channel,  and 
abandoning  the  main  river  from  Indian  Bayon  to  Indian  Gut. 

Dred^g  583,913  cubic  yards,  at  12  centw $70,069.56 

Contingencies 7,930.44 

Total 78,000.00 

A  trouble  usually  encountered  in  surveys  of  streams  where  no  records 
of  river  gauges  have  been  preserved  was  here  experienced.  There  is 
no  way  to  determine  either  the  low- water  discharge  or  low- water  slope. 
The  lowest  stages  that  have  occurred  at  Saugatuck  and  Kew  Bichroond 
since  the  20th  of  October^  1896,  have  been  observed  and  a  slope  and  dis- 
charge derived  therefrom.  Estimates  of  cost  of  projects  can  therefore 
only  be  approximate,  and  I  have  introduced  large  items  for  contingen- 
cies for  this  reason  in  the  estimates  for  both  the  channel  of  4  and  6  foot 
depths.    The  construction  of  an  8-foot  channel  would  so  disturb  the 

*  Only  reduced  sketch  map  printed. 
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regimen  of  the  river  that  the  low- water  sarfa<;e  at  New  Richmond  would 
be  bat  slightly  higher  than  that  of  Lake  Michigan,  and  the  probable 
errors  in  the  computed  slope  or  discharge  would  not  so  materially  affect 
the  results.  The  advantages  of  the  channel  through  Indian  Bayou  con- 
sist not  only  in  the  reduction  in  first  cost,  but  in  a  shortening  of  the 
length  of  the  river  a  little  over  1  mile,  and  the  avoidance  of  the  sharp 
bends  which  occur  in  the  portion  of  the  main  stream  excluded.  As  the 
river  carries  little  sand  even  in  flood,  and  its  banks  are  stable,  it  is 
estimated  that  the  channel  dredged  could  be  maintained  at  an  annual 
co:it  not  exceeding  10  per  cent  of  the  original  outlay. 

•  #  •  •  •  •  • 

Very  respectfully,  your  obedient  servant, 

C.  McD.  TOWNSBND, 

Captain^  Corps  of  IJngiTieers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  EngineerSj  U.  8.  A. 


bxport  of  mb.  g.  w.  bunkrr,  assistant  engikebb. 

United  States  Enoineeb  Office, 

Grand  liapids,  Mich.,  December  27, 1897. 

Sib:  I  haye  the  honor  to  Bubmit  the  following  report  of  the  survey  of  Kalamazoo 
Kiver,  Michigan,  from  Saugatack  to  New  Richmond,  assigned  to  me  October  20, 1896, 
together  with  the  consideration  of  improving  the  river  so  as  to  obtain  either  a  4, 6, 
or  an  8  foot  navigable  channel  firom  Saagatuck  to  New  Eiohmond. 

FIELD  OPEBATION6. 

The  field  operations  embrace  the  following  heads,  viz : 

1.  A  topographical  survey  of  the  river  valley,  including  soondinga. 

2.  Borings  in  the  bed  of  the  river. 

3.  Discharge  observations. 

(1)  Ssrrey. — A  preliminary  examination  of  the  portion  of  the  river  to  be  surveyed 

Rbuwed  that  it  had  a  length  of  8.67  miles,  and  that  for  a  distance  of  about  3^  miles 

immediately  below  New  Kichmond  the  river  followed  a  tortuous  path  through  a  low, 

Wily  wooded  bottom  land,  which  was  flanked  on  one  side  by  bluffs  about  50  feet 

in  height  and  on  the  other  by  a  wet  marsh  of  considerable  extent.    The  banks  of 

the  river  through  this  stretch  had  an  elevation  of  about  3  feet  above  the  ]ow>water 

Bta{(e  and  showed  veir  few  signs  of  erosion.    From  the  3^mile  point  to  Kalamazoo 

Lake  at  Saugatuck  the  course  of  the  river  is  through  a  wet  marsh,  which  at  low 

ctageg  of  the  water  shows  small  patches  of  solid  ground,  but  at  high  water  is  a 

narsby  lake  extending  firom  bluff  to  bluff,  a  distance  varying  from  one-eighth  to  1^ 

miles. 

The  banks  of  this  lower  portion  of  the  river,  though  solid,  vary  in  height  above 
thelow-water  stage  from  a  few  inches  to  about  2\  feet. 

The  work  of  the  survey  began  October  26, 1896,  and  ended  January  15, 1897.  The 
l^y  eonsisted  of  a  transit  man,  2  recorders,  2  stadia  men,  a  leadsman,  3  boatmen, 
■nfl2»xmen. 

^QDdings  in  the  river  and  ac^acent  bayous  an(f  lakes  were  made  on  cross  lines  or 
^|ig«100  feet  apart,  and  stakes  bearing  the  number  of  the  sounding  station  were 
^veo  to  mark  the  ends  of  the  lines.  On  these  cross  lines  the  soundings  were  taken 
^  ^^%  apart.     In  taking  soundings  in  Kalamazoo  Lake  and  Indian  Bayou  the 

^l^tnd  intersection"  method  was  used.  Soundings  were  taken  on  ranges  with 
f  time  interval  between  soundings  of  fifteen  seconds.  The  interval  between  transit 
^jeneetions  was  one  minute. 

lo  order  to  provide  an  opportunity  for  checking;  the  stadia  lines,  five  triangnlation 
ff^tiom  were  established  in  convenient  places  and  afterwards  located  from  a  base 
^Q<^.  vhich  was  formed  by  extending  the  line  made  by  two  of  the  triangnlation 
^tioos  of  the  1895  survey  at  Saugatuck  Harbor.  The  maximum  error  of  closure  in 
•ojr  of  these  triangles  was  25". 
Tu«  development  of  topography  was  with  the  stadia,  starting  from  a  line  between 
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two  of  the  tri Angulation  stations  of  the  1895  snrvey  of  Sangatnclr  and  reading 
azimuths  around  to  the  right  from  the  true  north. 

In  order  to  develop  the  river  valley  from  hlulf  to  hluff,  three  transit  lines  were 
found  necessary.  The  main  line  followed  the  course  of  the  river  from  Sangatuck  to 
New  Richmond,  while  the  side  lines  followed  the  contour  of  the  bluffs.  These  lines 
were  cheeked  on  the  triangulation  stations  and  at  various  intervals  upon  each  other. 
The  maximum  error  of  closure  in  any  line  was  30'^ 

The  datum  of  both  stadia  and  level  lines  was  that  of  Lake  Michigan,  viz,  3.06  feet 
below  high  water  ot  1883. 

To  preserve  on  the  ground  traces  of  the  survey  for  future  reference,  the  instm- 
ment  stations  along  the  main  line  were  marked  with  a  gas-pipe  device  of  the  follow- 
ing description,  viz :  On  one  end  of  a  piece  of  1-lnch  gas  pipe,  which  was  3  feet 
long,  was  screwed  a  6-inch  cust-iron  flange;  the  other  end  was  covered  with  an 
ordinary  malleable  iron  cap,  and  the  whole  wan  painted  with  asphaltum  to  prevent 
its  rusting.  A  post-hole  digger  was  used  to  make  the  holes  in  which  these  ^s-pipe 
''markers''  were  set.  The  earth  was  thoroughly  tamped  around  them,  leaving  the 
top  of  the  cap  about  2  inches  above  the  ground.  On  the  top  of  the  cap  a  sqnare 
was  picked  with  a  prick  punch  to  indicate  the  Htadia  station,  and  around  the  edge 
its  number  was  marked  in  like  mnnner.  Bearing  trees  and  other  references  were 
marked  and  located  to  assist  in  finding  these  stations  in  the  future.  The  main-line 
stations  from  Sangatuck  to  the  Pottawattamie  Club  House  have  these  markers. 
From  the  latter  place  to 'New  Richmond  cedar  posts,  4  feet  long,  set  about  3^  feet  in 
the  ground,  and  bearing  a  center  mark  (a  nail)  in  their  tops,  were  osed  to  mark  the 
instrument  stations. 

A  line  of  levels  was  run  from  the  United  States  water  gauge  at  Saagatnok  Harbor 
to  the  upper  end  of  the  survey  at  New  Richmond  and  retnm.  The  error  in  closure 
was  0.13  foot,  which,  considerinp^  the  nature  of  the  ground  over  which  the  line  was 
run  and  the  total  length  of  the  line,  viz,  19.8  miles,  was  deemed  sufficiently  close  for 
the  purpose  of  the  survey.  In  so  far  as  was  possible,  the  gas-pipe  8t«tions  of  the 
main  stadia  line  were  used  as  benches  and  their  number  marked  upon  the  pipe  of 
the  station  with  a  prick  punch. 

A  series  of  gauges  were  established  at  intervals  of  about  one  mile,  beginning  at 
Sangatuck  and  extending  to  the  upper  end  of  the  snrvey.  The  zero  of  each  gauge 
'  was  set  at  the  elevation  of  the  Lake  Michigan  datum. 

(2)  Barings. — Oom  the  highway  bridge  between  Sangatuck  and  Donglas  to  the 
upper  end  of  the  survey  33  borings  were  made  in  the  bed  of  the  stream  and  in  bayous. 
They  vary  in  depth  below  the  surface  of  the  water  from  12  to  15  feet. 

The  float  from  which  they  were  made  was  composed  of  two  ordinary  4  by  16  foot 
scow  boats,  fastened  together  by  a  platform  12  feet  square.  The  platform  furnished 
a  working  area  for  the  men  and  a  support  for  a  windlass  with  which  the  pipe  wss 
diawn  after  it  was  driven. 

Through  an  8-inch  hole  in  the  platform  a  3-inch  casing  pipe  was  lowered  until  it 
rested  on  the  river  bed.  Througn  this  casing  a  2-inch  driving  pipe,  shod  with  a  steel 
annular  shoe,  was  driven  to  the  required  depth.  The  material  through  which  the 
shoe  passed  was  forced  up  into  the  pipe  and  there  observed  through  small  holes  in 
the  pipe,  which  were  drilled  for  that  purpose. 

Each  boring  was  located  by  measurements  to  the  nearest  sounding  stations,  and 
the  elevation  of  the  water  surface  was  determined  from  gauge  readings  taken  above 
and  below  the  boring. 

From  the  following  table  the  results  of  borings  can  be  seen : 

Record  of  hori^gM, 


o 


A 
^ 
^ 
< 
^ 


Material. 


1.  Water 

2.  River  sand 

1.  Water  .... 

2.  River  sand 

1.  Water  .... 

2.  River  sand 

1.  Water  .... 

2.  River  Band 

1.  Water 

2.  River  sand 

1.  Water.... 

2.  Send 


Eleva- 

• 

Thick- 
ness. 

tion  of 
water 

Bate. 

a 

s^ffaoe. 

Feet, 

FeeL 

Feet, 

1896. 

8 
12.8 

8 
4.3 

}— 1.4 

Nov.  24 

7 
12 

7 
6 

}— 1.2 

Nov.  24 

7.6 
12.6 

7.6 
6 

}-^.»6 

Nov.  25 

5.6 
12 

5.5 
6.5 

}— 0.65 

Nov.  25 

0 
12 

0 
3 

}— 0.46 

Nov.  25 

7 
12 

7 
6 

h-« 

Nov.  26 

Station. 


0+25 
24+55 

49+65 

74+85 

99+85 

114+66 


Remarks. 
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JSeoard  of  ftorin^a— Continaed. 


i. 


ICttlcriaL 


1. 

3. 
1. 
2. 
1. 
2. 
3. 
1. 
2. 
S. 


»{ 
"{ 

»( 
«{ 

H 

»{ 

Hi 


Sand.. 

Waler 

Sand.. 

Water. 

Sttttd.. 

CU7 


Saod.. 
CU7  .. 
Watar. 


1. 

2. 
1. 
2. 
1. 
2. 
1. 
2. 
]. 
2. 
1. 
2. 
1. 
2. 
1, 
2. 
1. 
2. 
1. 
2. 


1. 

2. 

I. 

2. 
1. 

2. 


Walar 

Biyeirund 


Mad  and  aand. 

War«r 

Sand 

Water 

Sand 

Water 

RiTeraaad.... 

Water 

River  sand.... 

Water 

River  sand.... 

Water 

River  sand 

Water 

River  Band.... 

Water. 

River  MUid   ... 

Water 

River  aand.... 
Water 


i 


1. 
2. 

1. 

2. 
1. 


Gravel  and  aand. 

Water 

River  sand 

Water 

River  aand 

Water 

River  sand 

Water 

River  aand 

Water 

River  aand 

Had  and  aand.. . 


1.  Mod  and  »and 

2.  CeAne  sand  and 

graveL 

3.  Clay 


• 

#4 

Eleva- 

t 

Tbiok- 
neaa. 

tion  of 
water 

Date. 

aufaoe. 

Feet. 

Feet. 

Feet. 

1896. 

8 
12 

8 

4 

}-0.16 

Nov.  26 

6 
12 

6 
6 

)^. 

Nov.  27 

6.5 

6.5 

h' 

11.5 
12 

5 
.6 

Nov.  27 

9 
10 
12 

9 

1 
2 

h' 

Nov.  26 

6 
12 

6 
6 

}-0.05 

Nov.  27 

6 
12 

6 
6 

}— 0.05 

Nov.  27 

6 
12 

6 
6 

}    0.0 

Nov.  27 

7 
12 

7 
5 

}+0.06 

Nov.  27 

7.6 
12 

7.5 
4.5 

}+0.2 

Nov.  27 

6.5 
12 

6.5 
6.5 

1+0.26 

Nov.  27 

7 
12 

7 
5 

}+0.6 

Nov.  28 

7.6 

12 

7.5 
4.5 

1+0.9 

Nov.  28 

8 
12 

8 

4 

}+1.2 

Nov.  28 

7.5 
12 

7.5 
4.5 

1+1.7 

Nov.  30 

8 
12 

8 

4 

}+2.0 

Nov.  80 

8 
12.5 

8 
4.5 

1+2.8 

I>ec.     1 

9 

9 

[+2.6 

10.5 

1.5 

Deo.     I 

12 

1.5 

8.5 
12.5 

8.6 
4 

1+2.76 

Dec.     1 

7 
12 

7 
6 

1+2.96 

Dec.     2 

9 
13 

9 

4 

}+3.2 

Deo.     2 

10 
14 

10 

4 

1+3.6 

Dec.     2 

8 
12.5 

8 
4.5 

}+3.7 

Deo.     3 

15 

15 

+3.87 

Dec.     3 

4 

4 

1 

12 

8 

U2.73 

Dec    8 

13 

1 

J 

Station. 


119+78 
121+66 

122+75 

124+86 

126+40 
127+80 
129+60 
134+60 
144+68 
149+73 
175+60 
199+60 
224+58 
250+36 
278+70 
800+80 

324+70 

851+50 
874+66 
399+63 
424+55 

449+80 

Oppoai  t  e 
New  Rich- 
mond  de- 
pot. 


. .  .do 


Remarks. 


In  neck  of  land  at  river  bend 
on  lineliotweeu  stations  425- 
392,  and  315  feet  from  station 
892. 

[n  neck  of  land  at  river  1>end 
on  line  between  Rtations  367~ 
333.  and  470  feet  from  station 
867. 


INDIAK  CUT. 


ttj   2. 

•I' 

11 


blue 


1.  Water 

Mnd    and 

claj. 
\  1.  Water. 

2.  Mud    and     fine 
sand. 

,  1.  Water. 

]  1  River  aand. 


9 
14 

2 

18 

7 
12 


9 
6 

2 

11 

7 
6 


1-0.2 

I    0.0 
}+1.65 


Deo.     8 

Dec     8 
Dec     4 


26+80 

49+55 
76+40 
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(3)  Discharge  observations, — When  the  directions  for  this  work  arrived,  winter  had 
set  in  and  the  river  was  fnll  of  floating  ice,  which  from  time  to  time  gorged  on  the 
bars,  or  in  the  sharp  bends,  and  backed  the  water  up  so  that  it  formed  ponds,  in 
which  the  conditions  of  area  of  cross  section  and  velocity  were  not  true  for  the 
natural  discharge  of  the  stream. 

On  December  24  a  portion  of  the  river  was  clear  of  floating  ice  for  about  three 
hours.  During  that  time  a  place  was  chosen  and  the  discharge  observations  were 
made.  Later  iti  the  day,  after  the  observations  were  completed,  it  was  found  that  a 
gorge  had  formed  below  the  discbarge  section,  and  that  the  water  was  rapidly  rising. 
This  threw  doubt  upon  the  correctness  of  the  observed  velocity  and  slope.  No  fur- 
ther opportunity  for  gauging  was  oflered  before  January  15,  1897,  when  the  survey 
was  completed. 

The  obHerved  discharge  December  24  was  814  cubic  feet  per  second.  The  elevation 
of  the  water  surface  at  the  discharge  section  was  +3.1,  and  at  New  Richmond  +3.3, 
giving  a  fall  of  0.2  foot  in  2  miles,  or  0.1  foot  per  mile,  while  the  fall  in  the  water 
surface  between  New  Richmond  and  Sangatnck,  a  distance  of  8.31  miles,  was  5.4 
feet,  or  0.65  foot  per  mile,  which  shows  that  the  water  surface  at  the  discharge  seo- 
tion  was  1.1  feet  above  the  direct  slope  from  New  Richmond  to  Saugatuok  oh  that 
day.  It  is  evident  from  these  figures  that  the  ice  gorjge  below  the  discharge  section 
had  produced  an  abnormal  elevation  of  the  water  surface  at  the  section,  and  that  the 
velocity  was  in  consequence  diminished,  giving  a  discharge  much  too  small.  This  is 
further  proven  by  taking  from  the  gauge  readings  at  Saugatuck  and  New  Richmond 
(when  the  river  is  clear  of  ice)  a  slope  which  would  be  consistent  with  a  +3.1  slope 
at  the  discharge  section  and  by  means  of  the  Kntter  formula  determining  the  velocity, 
and  from  that  the  discharge  which  the  river  should  have  at  that  stage,  viz,  2,744 
cubic  teet  per  second. 

In  consideration  of  these  facts  the  observed  discharge  (814  cubic  feet  per  second) 
is  deemed  entirely  unreliable,  and  it  is  therefore  discarded. 

The  computations  for  low-water  discharge  and  the  probable  water  surfaces  over 
the  contemplated  improvements  by  dredging  were  made  by  use  of  the  Kntter  formula. 

During  the  time  of  the  survey  there  was  no  opportunity  to  observe  extreme  low 
water.  The  lowest  recorded  gauge  reading  at  Saugatuok  was  — 2.3,  taken  in  Decem- 
ber, 1896;  that  at  New  Richmond  was  + 1.8,  taken  in  August,  1897.  A  straight  line 
was  drawn  between  these  pointa,  making  a  slope  of  0.00(^34,  or  0.493  foot  per  mile, 
and  this  was  considered  a  fair  approximatiou  of  the  mean  low- water  slope,  and  it 
was  used  in  computing  the  probable  low-water  surface  in  the  dredged  channels. 

Three  projects  for  improvement  of  the  main  river  by  open  dredge  cuts  were  con- 
templated, viz : 

1.  A  cut  giving  4  feet  of  water  with  a  50-foot  base. 

2.  A  cut  giving  6  feet  of  water  with  a  75-foot  base. 

3.  A  out  giving  8  feet  of  water  with  a  100-foot  base.  All  side  slopes  to  be  2  feet 
to  1  foot. 

(1)  It  was  thought  that  the  4-foot  out,  when  made,  would  not  appreciably  change 
the  low- water  slope. 

(2)  In  considering  the  probable  water  surface  after  a  6-lbot  out  has  been  made, » 
mean  cross  section  of  the  river  was  constructed,  having  a  top  width  equal  to  the 
mean  width  of  the  river  between  the  discharge  sections,  side  slopes  of  2  feet  to  1  foot, 
and  a  proper  center  depth  to  give  the  mean  low-water  area  to  the  section.  'Hiroagli 
the  bottom  of  this  model  section  it  is  proposed  to  make  a  dredge  cut  which  shall 
have  a  bottom  width  of  75  feet,  side  slopes  of  2  feet  to  1  foot,  and  such  a  depth  as  ia 
necessary  to  give  a  total  depth  of  6  feet  to  the  water  in  the  improved  section,  keep- 
ing the  conditons  of  area  and  velocity  proper  for  the  low- water  discharge. 

The  change  in  the  form  of  the  model  cross  section  as  a  result  of  dredging  would, 
necessitate  a  drop  in  the  water  surface  at  the  discharge  section  and  a  oonseqnea* 
change  in  the  rate  of  slope  over  the  dredged  cut. 

In  determining  this  drop  in  the  water  surface  the  following  formula  was  used: 


(Z_a)«-4(D-d)«l  J(a-0'-8(D-<i)[2(D-d)+(a  +  0 

8 
and  <l'=D  +  d''— d,  in  which— 

D  =  depth  of  water  after  dredging =6'. 

d  =  center  depth  of  water  before  dredging =4.7945. 

d'  ^: distance  from  bottom  of  model  section  to  the  bottom  of  dredged  section^ 

d"=*'drop"  in  water  surface  caused  by  dredging. 

2  =top  width  of  model  section  before  dredging =160.75. 

a  =bottom  width  of  dredge  cut =75'  as  in  ng.  1. 

Solving,  after  substituting  the  numerical  values,  we  get  d''=  1.228'= the  dropintii^ 
water  surface  occasioned  by  dredging. 
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HftTing  determined  the  mean  hydratdic  radius  of  the  improved  section  from  the  wet 
perimeter  and  the  area,  and  fixed  upon  0.025  as  a  coefficient  of  roughness  in  Kntter's 
lormnla  for  C,  and  retained  the  velocity  of  the  low-water  discharge,  we  sabstitate 
these  values  in  the  formula 


8  = 


V» 


C»r 

(in  which  8=8lope,  V=velocity,  and  r=mean  hydraulic  radius),  and  solving  get 
0.0000883  as  a  value  for  the  slope  of  the  water  surface  over  the  dn^dged  channel. 

(3)  In  considering  an  8-foot  channel  with  a  bottom  width  of  lOi)  feet  and  side 
slopes  of  2  feet  to  1  foot  its  area  was  found  to  exceed  that  of  the  mean  low-water 
section,  and  this  necessitated  a  less  velocity  and  a  flatter  slope  in  order  to  maintain 
the  low-water  discharge  through  the  channel.  By  dividing  the  low- water  discharge 
by  the  area  of  the  section  of  the  8-foot  channel  a  proper  velocity  was  found.  From 
the  wet  perimeter  and  the  area  the  mean  hydraulic  radius  was  determined,  and 
in  assnmini^  a  value  for  C  in  Ku tier's  formula  0.025  was  chosen  as  a  coefficient  of 
roughness.  Solving  with  these  values  a  slope  of  0.000026  was  found  for  the  8-foot 
improvement. 

"INDIAN  CHANNEL  CUT-OFF." 

As  ftn  Alternative  for  the  8-foot  channel  by  the  main  river  the  following  proposi- 
tion is  submitted,  viz : 

To  make  an  8-foot  dredged  channel  with  bottom  width  of  100  feet  and  side  slopes 
of  2  to  1,  starting  at  New  Richmond  and  following  the  main  river  to  the  head  of 
Indian  Cut,  thence  through  Indian  Cut.  Bayou,  and  Channel,  striking  the  river  again 
at  Indian  Point  and  following  it  to  Kalamazoo  Lake  at  Saugatuck.  This  route  will 
diorten  the  total  length  of  the  improvement  5,700  feet,  and  avoid  several  sharp  bends 
and  the  shoalest  part  of  the  river.  It  will  be  seen  from  a  comparison  of  the  esti- 
mated costs  that  it  is  also  the  cheapest  route.     . 

From  a  ganging  of  Indian  Cut  it  was  found  that  at  low  water  about  one-half  of 
the  discharge  of  the  river  passed  through  this  route. 

In  view  of  the  fact  that  the  element  of  supposition  forms  so  great  a  part  of  all 
formnl»  for  computing  velocity  or  slope  in  a  natural  stream,  the  foil  owing  values 
are  considered  the  probable  conditions  of  this  river: 


Stsf^of 

water 

At  New 

Richmond. 

Stage  of 
water 

at  Sanga- 
taok. 

Slope. 

Velocity. 

Diitcharge 
svcuud. 

+4.7 
-h8.3 
+L8 

—2.1 
—2.1 
-2.8 

.0001549 

.000123 

.000090 

2.456 
1.999 
L580 

Cubic  feet. 
2,700 
1,H00 
al.OOO 

a  Low- water  stage. 

The  following  tabular  statement  shows  the  conditions  that  are  supposed  to  main- 
tun  in  the  dredged  channel  at  low  water : 


I  Dipyiof  water  in  dredged 
cbaaoel. 


TlamainriTor: 

4  feet 

6feet 

8foet 

ViAhidian  Cut: 

Sfeet 


Width  of 
dredged 

cbanDM  on 
bottom. 


F$et. 


50 

76 

100 

100 


Stage  of 

water  at 

New 

Kiohmond. 


-fl.8 
-fO.3 
—1.2 

—1,1 


Stage  of 

water  at 

Saugatuck. 


—2.3 
—2. » 
—2.3 

—2.8 


Slope. 


.000093 
.000088 
.000026 

.000026 


Yelocily. 


1.580 
1.580 
1.28 

1.23 


Dieeharge 
pereeoond. 


Cubic  feet 
al.OOO 
1,000 
1.000 

1,000 


•  Same  ss  low  waieii 
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Summary  of  field  operatioHB. 

1.  Triangnlation  stations  set 6 

2.  Triangnlation  stations  ocoapied 9 

3.  Sqnare  miles  of  area  covered  by  trianffiilation 12 

4.  Stadia  stations  set  and  oooupied 138 

5.  Stadia  points  located 6,518 

6.  Topography  taken  by  stadia,  in  square  miles 7 

7.  Length  of  stadia  line,  in  miles 27. 6 

8.  Length  of  level  line,  in  miles ,  19.8 

9.  Bench  marks  established 23 

10.  Ganges  established 13 

11.  Discnarge  observations 2 

12.  Soundings  taken 8^709 

13.  Stakes  made  and  set 1,939 

HAPS. 

Owing  to  the  pressure  of  other  business,  the  reduction  and  platting  of  the  field 
notes  was  delayed  until  July  16, 1897.  On  September  30  this  work  was  further 
delayed  by  the  resi^ation  or  the  draftsman  who  had  it  in  charge,  and  it  was  not 
takeu  up  again  until  November  1.  From  this  time  until  the  maps  and  profile  were 
completed,  December  27,  1897,  no  delays  occurred. 

The  topography  has  been  platted  on  three  sheets  for  the  sake  of  conTenienoe  in 
handling. 

Due  to  the  reduced  scale  of  the  map,  viz,  400  feet  to  1  inch,  only  abont  one-fourth 
of  the  soundings  taken  have  been  platted.  They  were  all  used,  however  (after  being 
reduced  to  the  low- water  datum),  in  estimating  the  quantities  to  be  dredged.  Con- 
tour lines  have  been  drawn  to  show  the  2,  5,  and  10  foot  elevations  above  the  Lake 
Michigan  datum. 

A  reduced  map  of  the  river  from  Saugatuck  to  New  Bichmond,  on  a  scale  of  1  inch 
to  36,000  feet,  has  been  inserted  in  Sheet  1. 

PROFILE.* 

A  profile  of  the  river  from  Saugatuck  to  New  Bichmond  has  been  prepared,  show- 
ing the  low* water  surface,  the  probable  water  surface  for  each  one-nalf-foot  rise  on 
the  New  Bichmond  gauge  from  +2  to  the  -(-5  foot  stage,  the  location  and  depth  of 
borings,  and  a  mean  profile  of  the  river  bed  averaged  for  a  width  of  75  feet. 

The  line  along  which  this  profile  is  made  is  shown  on  the  maps  as  the  "  proposed. 
channel.''  The  lines  showing  the  bottom  of  the  proposed  dredging  are  also  snowm. 
on  this  profile. 

Oauge  readings. 


Gange  loostion. 


Low-' water  reading 

Highest  observed  read- 
ing  

Lowest  observed  read- 
ing  

Sounding  station 


1.  Hnrhor 
gau<;e. 

2.  Snn- 
gatuck. 

3.  St.  Pier 
Point 

4.  Peach 
Orchard. 

6.  Pnrdys. 

6. 

—2.6 

—2.3 

-1.85 

—1.40 

-«.94 

—0.6 

—1.6 

—0.76 

-0.2 

-fO.4 

+2.0 

-1-2.7 

-2.6 

—2.25 

—1.8 
30 

—1.1 
87 

.fO.2 
148+75 

-fO.7 
182 

7. 


Kevwiot. 


Gange  location. 


Low-water  reading 

Highest  observed  reading 
Lowest  observed  reading. 
Soonding  station , 


8.  Bed 
Banks. 


+a46 
+4.4 
+1.05 
292+05 


0.  Catfish 
Bend. 


+L0 

•H.8 
+2.25 
353+90 


10. 


+L46 
+5.4 
+2.0 
400+80 


11.  New 
Richmond. 


+1.8 

+7.8 

+2.45 

439 


Not  printed. 
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Mean  monthly  readings. 


HODth. 


OctolMr.. 

HoTember 
PcctiBibcr 
January.. 


Harbor 
gauge. 


-2 

—2.18 
—2.20 
—1.91 


Sangatuok. 


— L88 
— 1.U 
—1.30 
—0.16 


NewRieb- 
mond. 


+2.7 

+4 

+8.4 

+5.6 


Estimated  coat  of  dredying. 


I  Amount  to 
be  dredged. 


TiamaiarlTer: 

For  the  4-foot  improTement 
Jot  the  ft-foot  improrement 
for  the  8  foot  improTement 

YkladiaaCDt: 

For  the  8-foot  improYOment 


Cu.  vda. 
8.  053 
213,5;J7 
757,253 

583,813 


Estimated 
price. 


Per  eu.  yd, 

$0.25 

.15 

.12 

.12 


TotMl  cost. 


$2,013.25 
32,030.55 
00, 870. 86 

70,068.58 


Bespectfnlly  submitted. 

C»pt  C.  McD.  TOWN8END, 

CorpM  of  Engineers,  U.  8.  A. 


Q.  W.  BuNK£U,  Assistant  Engineer. 


Ksa  98- 


160 


i 

f 
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■III 
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11 
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El 


APPENDIX  L  L. 


ENT  OF  RIVERS  AND  HARBORS  ON  THE  EASTERN  COAST  OP 
GAN  AND  OF  WATERS  CONNECTING  THE  GREAT  LAKES. 


F  LIEUT,  COL,  G,  J.  LYDECKER,  CORPS  OF  ENCTNEERS,  OFF!- 
CHARGE,  FOR  THE  FISCAL  YEAR  ENiriNG  JUNE  SO,  1898,  WITS 
DOCUMENTS  BEL  A  TING  TO  THE  WORKS, 


IMPROVEMENTS. 


lal  connecting  the  waters  of 

iNit  Lakes  between  Chicago, 

i,and  Baflalo. 

sKiveratthe  Falls,  Michigan. 

\^  and  care  of  St.  Marys  Falls 

Michigan. 

ve  Channel,  St.  Marys  River, 

pkQ. 

;an  Harbor,  Michigan. 

tiarbor  (Thunder  Bay  Riyer), 

^an. 

'  River,  Michigan. 

ng  River,  Michigan. 

of  refuge  at  Sand  Beach,  Lake 

,  Michigan. 


10.  Month  of  Black  River,  Michigan. 

11.  Black  River  at  Port  Huron,  Michigan. 

12.  Pine  River,  Michigan. 

13.  Bello  River,  Michigan. 

14.  St.  Clair  Flats  Canal,  Michigan. 

15.  Operating  and  care  of  St.  Clair  Flats 

Canal,  Michigan. 

16.  Clinton  River,  Michigan. 

17.  Detroit  River,  Michigan. 

18.  Ronge  River,  Michigan. 

19.  Turning  Basiu  in  Rouge  River,  Mich- 

igan. 


SURVEYS. 


r,  Shiawassee,  Bad,  and  Flint 
1^  Michigan. 


21.  Saginaw  River,  Midi igan. 

22.  Rouge  River,  Michigan. 


HARBOR  LINES. 

23.  St.  Clair  River  at  Fort  Huron,  Mich. 


United  States  Engineer  Office, 

Detroit,  Mich.,  July  29,  1898. 

kLi  I  have  the  honor  to  submit  herewith  the  auuual  report 
0  the  works  of  river  and  harbor  improvement  in  my  charge 
cal  year  ending  June  .^0,  1898. 
ry  respectfully,  your  obedient  servant, 

G.  J.  Lydeckee, 
LieuL  CoLy  Corps  of  Engineers. 
en.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A. 
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L  L  z. 

IMPROVEMENT  OF  SHIP  CHANNEL  CONNECTING  WATERS  OF  THE  GREAT* 
LAKES  BETWEEN  CHICAGO,  DULUTH,  AND  BUFFALO. 

This  impTovement  was  entered  upon  in  accordance  with  the  following^ 
provision  of  the  river  and  harbor  act  of  July  13, 1892: 

For  ship  ohannel  twenty  and  twenty-one  feet  in  depth  and  a  minimnm  width  oC 
three  hundred  feet  in  the  shallows  of  the  connecting  waters  of  the  Great  Lakes  he— 
tween  Chicago,  Dnluth  and  Bofifalo,  three  hundred  and  seventy-tive  thousand  dol- 
lars: Provided,  That  contracts  may  he  entered  into  by  the  Secretary  of  War  for  sada. 
materials  and  work  as  may  be  necessary  to  carry  ont  tlie  plans  proposed  by  GeneraX 
O.  M.  Foe,  Corps  of  Engineers,  United  States  Army,  dated  January  twentieth, 
eighteen  hundred  and  ninety-one,  and  printed  us  House  Executive  Document,  Nnm— 
hered  Two  hundred  and  seven,  second  session,  Fifty-iirst  Congress,  for  such  shii» 
ohannel,  to  he  paid  for  as  appropriations  may  from  time  to  time  be  made  by  law, 
not  to  exceed  in  the  aggregate  two  million  nine  hundred  and.  sixty-five  thousauA 
doUarSy  exclusive  of  the  amount  herein  appropriated. 

The  estimated  total  cost  was  $3,340,000. 

Contracts  for  work  at  all  points  specified  in  the  project,  were  entered 
into  December  31, 1892.  Operations  under  them  were  commenced  im 
the  spring  of  1893,  and  by  Jane  30, 1897,  work  under  all  except  that: 
relating  to  the  bar  at  the  mouth  of  Detroit  River  had  been  completed* 
The  removal  of  a  dangerous  shoal  in  Mud  Lake,  near  Point  aux  Frenes, 
covering  an  area  of  400  by  1,400  feet,  which  was  not  known  of  when  the 
project  was  adopted,  had  also  been  nearly  completed.  Tlie  history  ofl 
these  operations  is  printed  in  Annual  Eeport  of  the  Chief  of  Engineers 
for  1896  (pp.  2749  to  2756)  and  for  1897  (pp.  2950  to  2958). 

Operations  during  the  last  fiscal  year  comprised  (1)  work  for  increas- 
ing the  width  and  depth  of  channels  as  originally  completed,  througlB 
Bound  Island  Shoals,  St.  Marys  River,  this  being  essential  to  make 
navigation  through  these  channels  reasonably  safe  on  account  of  their* 
exposure  to  heavy  seas  rolling  in  from  Lake  Superior,  and  the  preva- 
lence of  fogs  in  the  spring  and  fall  months;  (2)  completing  the  removal 
of  Point  aux  Frenes  Shoal,  foot  of  Mud  Lake,  St.  Marys  River,  therebjT 
clearing  the  direct  line  of  travel  of  a  dangerous  obstruction,  of  whiclm 
there  was  no  knowledge  when  the  original  project  was  submitted;  (3> 
removing  part  of  the  Middle  Ground  Shoal  at  Port  Huron,  St.  Glaif 
River,  thereby  widening  and  straightening  the  main  ship  channel  anA 
making  navigation  very  much  safer;  (4)  removing  bowlders,  rock,  anA 
other  material  from  the  ship  channel  in  lower  section  of  the  DetroiC 
River,  which  now  constitutes  the  only  link  in  the  line  of  through  travel 
at  which  the  required  depth  of  20  feet  has  not  yet  been  obtained;  tb^ 
result  of  the  year's  work  was  to  increase  the  available  depth  from  16j 
feet  to  18  feet  at  the  present  stage  of  water;  (5)  completing  channel 
through  bar  at  mouth  of  Detroit  River  (section  8  of  the  ship  channel>  - 
This  work  was  in  progress  from  the  spring  of  1893  until  October  2^- 
1897,  under  contract  with  L.  P.  &  J.  A.  Smith,  of  Cleveland,  Ohio,  dated 
December  31, 1892,  calling  for  dredging  a  channel  21  feet  deep  and  80^ 
feet  wide  for  a  distance  of  about  26,500  feet.  The  total  amount  of  ixu»- 
terial  removed  during  the  progress  of  the  work  was  1,093,916  cubi^ 
yards,  scow  measure,  of  which  82,793  cubic  yards  were  taken  out  dnrinig 
the  last  fiscal  year.  Work  done  under  items  2, 3,  and  5  was  complete(^ 
and  that  under  1  and  4  is  still  in  progress. 

The  work  of  dredging  Middle  Ground  Shoal,  St.  Clair  River  (item  5i 
above),,  was  done  between  December  1, 1897,  and  May  31,  189H,  unde^ 
a  contract  with  Edmund  Hall,  of  Detroit,  Michigan,  dated  May  l3y 
1897;  the  amount  excavated  was  55,579  cubic  yards,  the  effect  being  W 
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diminate  a  sharp  bend  in  the  ship  channel  and  increase  the  width  at 
that  point  from  750  feet  to  1,500  feet. 

The  details  of  work  done  in  the  St.  Marys  Eiver  (items  1  and  2  above) 
are  given  iu  the  following  report  prepared  by  Assistant  Engineer  Benno 
Mnert,  who  had  special  charge  of  it: 

lUm  D,— Skoal  g9,  Beciion  4. — In  lower  end  of  Mnd  Lake,  off  Point  anx  Frfines,  400 
feet  by  1,400  feet.  Contract  dated  September  19,  1895;  W.  A.  McGHIlb  &  Co.,  of 
Chicago,  ni.,  contractoFH.  Kates,  earth  65  cents,  and  rock  $3.75  per  onbio  yard, 
bank  measure,  to  2l-f«iot  ^ade,  and  half  rates  between  21  and  23  feet.  Material, 
bowlders,  clay,  and  limestone  rock  in  situ.  Contractors  began  work  on  this  section 
September  3, 1896. 

Work  was  continued  till  October  15,  1897,  with  one  dredge  and  one  diving  outfit. 
The  dredge  worked  218  honrs,  was  delayed  836  hoars,  and  excavated  3,525  onbio 
yaiila,  acow  measure.  The  diver  worked  482  hours,  was  delayed  ^6  hours,  and  raised 
493  yarda.  The  final  examinationivas  made  witii  the  raft  bars  during  October,  at 
thesame  time  removing  all  points  projecting  above  grade.  The  duplicate  compa- 
tatioDs  for  final  estimate  were  iinished  and  submitted  October  25. 

The  computed  bank  measure  of  material  excavated  from  above  the  21-foot  grade  is 
8,081.35  cubic  yards,  of  which  117.77  are  rock;  between  21  and  23  foot  grades, 
17,877.96,  of  which  260.53  are  rock;  below  the  23-foot  grade,  5,015.23,  making  a  total 
of  30,974.54  cubic  yards. 

/tea  i.— Improving  channel  through  Round  Island  Shoal  No.  1  for  2,000  feet  length, 
800 feet  width,  and  23  feet  depth.  Contract  dated  September  13,  1897;  Arthur  H. 
^0^,  Milwaukee,  Wis.,  contractor.  Rates,  34  cents  per  cubic  yard,  bank  measure, 
to  z3-foot  grade  and  half  rates  between  23  and  24  feet.  Material,  sand,  clay,  and 
bowlders.  * 

One  dredge  has  been  operated  since  September  25,  save  from  November  20  to  April 
%,  wheu  it  was  laid  np  for  the  winter  season.  Time  worked,  742^  honrs;  delayed 
by  heaTy  winds  and  breakages,  458^  hours.  There  were  excavated  94,641  cubic  yards. 
MOW  measure,  of  material.  The  south  half  of  the  channel  has  been  dredged  and  will 
be  examined  with  the  raft  bars  daring  July  to  ascertain  whether  or  not  it  can  be 
thrown  open  to  navigation. 

item  £.— Improving  channel  through  Round  Island  Shoal  No.  2  to  a  depth  of  23 
feet,  800  feet  wide  by  2,900  feet  long.  Contract  dated  September  13,  1897;  M.  Sulli- 
▼ui,  Detroit,  Mich.,  contractor.  li^tes,  52  cents  per  cubic  yard,  bank  measure,  to 
23  feet  grade  and  half  rates  between  23  and  24  feet.  Material,  sand,  clay,  and 
bowlders. 

Work  was  begun  with  one  dredge  on  September  21,  stopped  for  the  winter  Novem- 
ber 17,  and  resumed  April  26.  Two  additional  dredges  were  placed  on  the  secvion, 
the  one  in  May  and  the  other  in  June.  They  worked  1,371  honrs,  were  delayed  442 
boors,  and  excavated  55,281  cubic  yards,  scow  measure. 

SitrTtf»  oMd  eraminatiima  with  raft  bars, — Round  Island  Shoals  1  and  2  were  sounded 
during  February  in  order  to  show  their  conditions  at  the  close  of  the  season  of  1897 ; 
^0  area  between  the  shoals  and  for  a  short  distance  above  Shoal  1  for  additional 
uoals.  Two  small  ones  were  found  to  the  noi;th  ward  of  Shoal  1,  and  may  be  removed 
Qiiderthe  contract  now  in  force.  The  hydrographic  party  set  120  stakes  to  mark 
the  lines  of  soundings,  which  numbered  19,725.  The  examination  with  raft  bars  of 
^erirer  above  the  shoals  was  begun.  A  survey  for  final  estimate  of  Item  D,  Shoal 
^1  Bection  4,  was  made  in  October  when  one  gauge  stake  was  set,  10  section  slAkes 
diiven,  and  400  soundings  taken.  All  soundings  taken  during  the  year  were  reduced 
<o^  mapped  on  tracing  linen  or  platted  on  cross-section  sheets  as  occasion  required. 

^^eral  remarks. — For  the  guidance  of  contractors  75  section  stakes  were  driven, 
|^<1 26  gage  boards  placed.  The  aximnths  from  two  triangulation  stations  to  the 
75  stakes  were  computed.  The  channel  buoys  in  the  vicinity  of  Shoals  1  and  2  were 
lasted  by  transit  pointings  and  the  rectangular  coordinates  referred  to  A  ^%  survey 
« 1879,  were  compnted. 

A  report  and  sketch  showing  proper,  locations  of  all  range  targets,  lights,  and 
booyi niarking  section  3  (Sailors  Encampment),  were  prepared  and  submitted. 

The  quarters  boat  Hay  Lake  and  tugs  Antelopa  and  Myra  were  laid  up  in  the  fall 
*«  fitted  out  in  the  spring. 

The  following  extract  from  report  by  Assistant  Engineer  Charles  V. 
pjxon  gives  details  of  operations  on  the  lower  Detroit  Hiver  and  bar  at 
itsmoQth  (items  4  and  5  above),  of  which  he  had  immediate  charge: 

GfMie  J$lt  Lower  Range. — The  work  was  commenced  nnder  a  verbal  agreement 
^  Mr.  Michael  Sullivan,  of  Detroit,  Mich.,  October  2,  and  continued  until  Decem- 
b922, 1897,  when  the  formation  and  run  of  ioe  in  the  river  caused  a  suspension  of 
^Pttations  for  the  season*    They  were  resumed  May  3, 1888,  nnder  a  formal  contraot 
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vfUh  the  8ame  party,  dated  April  28,  1898,  and  were  still  in  progrress  at  the  close  of 
the  fiscal  year.  The  work  has  consisted  ia  drilling  and  blasting  bed  rock  and  large 
bowlders,  and  in  removing  the  blasted  material  together  with  all  other  material 
fonnd  above  tlie  prescribed  grade;  the  work  of  removal  being  done  by  divers  niifl 
loaded  on  derrick  scows,  or  by  dredging,  as  circumstances  required.  The  object  in 
view  is  to  clear  the  channel  of  all  obstructions  to  the  depth  of  21  feet  and  width 
of  600  feet. 

The  amount  of  material  removed  dnring  the  fiscal  vcar  is  as  follows: 

By  verbal  agreement  (October  2  to  December  22,  1897)  9,326.224  tons. 

Under  formal  contract  dated  April  28,  1898,  3,<>2().254  tons. 

Under  formal  contract  dated  April  28,  1898,  4,528  cubic  yards. 

The  material  was  removed  from  the  east  side  of  the  range  line  indicated,  and  the 
area  worked  over  was  about  150  feet  wide  by  6,200  feet  long.  This  area  is  indi- 
cated by  shading  on  the  sketch,  area  ''  b ''  being  improved  by  dredging,  and  Areas 
"a"  and  ^'d  "  by  the  removal  of  bowlders  by  derrick  scow  and  diver. 

The  least  depth  throughout  this  area  prior  to  improvement  was  about  14  feet;  there 
is  now  a  clear  depth  of  20  feet,  with  but  few  points  to  be  removed  in  order  to  secure 
21  feet. 

Amhersiburg  Reach. — The  improvement  along  this  course  was  commenced  on  May 
23,  under  contract  dated  May  2,  1898,  with  James  Rooney,  of  Toledo,  Ohio,  for  fur- 
nishing and  operating  a  dredging  plant.  The  present  project  contemplates  a  straight 
channel  throughout  this  part  of  the  river  400  feet  wide  and  21  feet  deep.  The  area 
thus  far  improved  by  dredging  is  200  feet  wide  (east  half  of  channel)  and  1,400  feet 
long,  as  shown  on  sketch  (area  '*  g").  The  amount  of  material  removed  to  date  is 
5,523  cubic  yards,  and  the  dredge  has  worked  399^^^-  hours.  The  removal  of  this 
material  has  cost  the  United  States  65  cents  per  cubic  yard.  The  material  removed 
consiat»  of  sand  and  clay,  with  many  bowlders  embedded,  and  some  limestone  bed 
rock.  It  is  expected  that  this  bed  rock  will  be  required  to  be  drilled  and  blasted 
in  order  to  secure  a  clear  depth  of  21  feet  throughout  the  course. 

The  least  depth  prior  to  this  improveaient  was  about  17  feet,  and  as  yet  the  work 
has  not  progressed  so  as  to  atfect  this.  There  has  been  erected  a  temporary  range 
on  the  Canadian  shore  to  guide  vessels  in  p:vssing  the  area  being  improved.  Ahuig 
this  range  and  for  100  feet  either  side  of  it  there  is  a  clear  depth  of  18  feet,  this  being 
the  maximum  depth  over  the  shoalest  places  in  the  channel  for  the  present  stage  of 
water.    The  location  of  this  range  is  indicated  on  the  sketch. 

Hcuiketi  Range, — Improvement  along  this  course  was  continued  under  oontraot 
dated  December  31. 1892,  with  Messrs. X.  P.  &.  J.  A.  Smith,  of  Cleveland,  Ohio,  until 
October  29, 1897,  when  the  work  under  this  contract  was  completed.  The  amount  of 
material  removcfd  under  this  contract  during  th^  fiscal  year  was  82,793  cubic  yards. 
This  material  was  sand,  clay,  gravel,  bowlders,  and  loose  stones,  and  was  removed 
from  areas  "i,"  "j,"  "k,"  **1,"  and  *'m,"  indicated  by  shading  on  the  sketch.  Areas 
**i/'  **j,"  and  "k"  were  improved  by  dredging,  and  areas  "1"  and  "m"  hj  the 
removal  of  bowlders  by  derrick  scow  and  diver.  The  least  depth  of  water  prior  to 
this  improvement  was  about  17  feet,  and  there  is  now  a  clear  depth  of  21  feet  for  a 
width  of  600  feet,  with  the  exception  of  the  shoal  included  within  the  ontlines  of 
area  "j."  This  shoal,  which  extends  from  150  feet  to  300  feet  west  of  the  center  line 
of  channel  and  is  about  1,000  feet  long,  is  bed  rock,  over  which  the  general  depth 
varies  from  20  feet  to  21.5  feet,  but  there  are  points  of  bed  rock  which  limit  the  clear 
depth  to  about  19  feet. 

Removing  obstructions  from  the  channel  by  hired  labor, — During  the  months  of  March 
and  April,  1898,  two  derrick  scows  with  diving  outfits  were  operated  by  hired  labor, 
for  the  purpose  of  removing  bowlders  from  the  channel  of  Lime  Kiln  Crossing  (area 
**e"  on  sketch).  There  were  removed  from  this  area  583  tons  of  bowlders  and  loose 
stones,  which  were  distributed  over  the  entire  area.  Prior  to  this  improvement  the 
least  depth  of  water  was  18  feet.  There  is  now  a  least  depth  of  19.2  feet  for  a  width 
of  440  &et  throughout  this  part  of  the  channel,  this  least  depth  being  limited  by 
points  of  bed  rock. 

Dnring  the  months  of  May  and  June,  1898,  one  derrick  scow  with  diving  outfit 
has  been  engaged  in  removing  bowlders  from  the  channel  at  Amherstburg  Reaoh. 
Areas  **  f "  and  "h  "  have  been  partially  cleared  to  21  feet  depth  by  the  removal  of 
bowlders,  the  remaining  bowlders  being  too  large  to  remove  by  the  appliances  at 
present  in  nse.  The  least  depth  of  water  within  these  areas  prior  to  this  improvement 
was  18  feet.    There  is  now  a  leaat  depth  of  about  20  feet. 

This  derrick  scow  is  now  engaged  in  removing  ob^ructions  thrown  up  by  the 
dredge  and  in  clearing  to  21  feet  the  area  improved  by  dredging.  There  have  been 
removed  726.22  tons  of  bowlders. 

Surveys, — During  the  months  of  October  and  November,  1897,  sonndings  were 
taken  from  a  raft  at  the  corners  of  10-toot  squares  throughout  the  Lime  Kiln  Cross- 
ing ooorse.    This  was  done  in  order  to  estimate  the  amount  of  material  to  be 
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remored  in  wiclening  the  clmnnel  an  nddftioTial  160  feot  to  tho  westward,  thus 
secnring  a  channel  6l)<)  IVi-t  inVidfli.  The  ntiKMtiit  of  tliiH  iiiattTml  to  be  removed 
was  foiiiid  to  be,  above  21  feet,  1)0,860  cubic  yaulH;  betvveeu  21  ieet  aud  23  feet,  83,085 
en  hie  vardH.  During  the  month  of  February,  1898,  an  ice  survey  was  made  along 
the  Hackett  Range,  covering  the  entire  area  improved  during  the  season  of  1897 
nuderthe  contract  with  MesKrn.  L.  P,  &  J.  A.  Smith.  These  soundings  were  taken 
10  feet  apart  on  cross  sections  and  20  feet  apart  on  longitudiual  sections.  This  work 
was  done  in  order  to  determine  the  general  depth  of  water  resulting  from  the 
improvement. 

Snrveys  and  examinations  were  made  daring  the  year,  in  connection 
witb  works  of  improvement  in  progress  or  with  a  view  to  projecting 
farther  work,  as  follows:  (1)  Survey  for  final  estimate  on  work  done  at 
Point  Anx  Frenes  Shoal  was  made  in  October,  1897.  (2)  Ice  surveys 
were  made  daring  February,  1898,  of  Kound  Island  Shoals  1  and  2, 
SL  Marys  Biver,  the  area  included  between  the  shoals  and  a  short  dis- 
tance beyond  the  outermost  one  (No.  1),  in  order  to  compute  the  amount 
of  work  done  during  the  working  season  of  1897  and  to  develop  two 
small  shoals  found  in  that  locality,  the  number  of  soundings  taken  in 
these  snrveys  being  19,725.  (3)  During  the  spring  of  1898  extensive 
areas  northward  of  Round  Island  Shoals  were  worked  over  by  the 
sweeping  raft,  with  bars  hung  at  a  depth  of  25  feet,  for  the  purpose  of 
ascertaining  whether  any  unknown  obstructions  existed  in  that  locality. 
(4)  Daring  May,  1898,  tlie  channel  dredged  through  Grosse  Pointe 
Flats  was  examined  and  sounded  in  part,  and  several  points  in  St.. 
Clair  River  were  surveyed,  developing  eleven  small  but  troublesome 
shoals.  It  is  proi)Osed  to  remove  these  obstructions  and  shoals  during 
the  present  working  season.  (5)  During  October  and  November  system- 
atic soundings,  10  feet  apart,  were  taken  at  Lime  Kiln  Crossing, 
Detroit  River,  to  show  its  condition  and  project  further  improvement. 
This  survey  developed  many  ])oints  with  scant  18  feet  of  water  over 
them,  instead  of  showing  the  clear  depth  of  20  feet  that  was  supposed 
to  exist.  As  a  result  of  this  discovery,  583  tons  of  bowlders  and  loose 
rock  were  removed  from  that  channel  in  March  and  April,  1898,  by  day- 
labor,  thereby  increasing  the  available  depth  to  19  feet.  (6)  During 
Febraary,  1898,  an  ice  survey  was  made  covering  the  area  worked 
over  during  the^season  of  1897  by  L.  P.  &  J.  A.  Smith,  contractors,  for 
improving  the  bar  at  the  mouth  of  Detroit  River.  The  soundings  were 
taken  at  intervals  of  10  feet  on  cross-sectional  lines  20  feet  apart,  and 
covered  an  area  7,000  feet  long  by  600  feet  wide. 

The  total  expenditure  to  June  30, 1898,  was  $2,507,121.40,  of  which 
$294,609.05  were  spent  during  the  last  fiscal  year.  The  total  excavation 
to  that  date  was  9,955,447  cubic  yards,  of  which  312,267  cubic  yards 
were  removed  during  the  last  fiscal  year.  The  maximum  available 
depth  over  the  shoalest  part  of  the  ship  channel  was  18  feet,  this  depth 
being  found  only  in  the  lower  section  of  Detroit  River;  all  other  sec- 
tions of  the  ship  channel  have  a  clear  depth  of  20  feet  or  more. 

The  work  of  most  immediate  importance  on  this  improvement  is  the 
completion  of  that  now  in  progress  on  the  Lower  Detroit  River,  and 
funds  available  will  probably  be  sufficient  to  obtain  a  20foot  channel 
there  with  a  minimum  width  of  300  feet,  but  it  wiU  have  five  turns  in  it 
in  a  distance  of  4^  miles,  and  safe  navigation  requires  that  the  least 
width  should  be  600  feet.  Channels  already  made  with  less  than  that 
width  should  be  widened  at  all  critical  points,  and  all  detached  shoals 
that  may  be  found  in  or  near  the  line  of  through  travel  should  be 
promptly  removed.  Several  have  already  been  found  by  our  surveys  or 
examinations,  or  by  vessels  loaded  to  the  deeper  draft  now  carried  as 
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a  resolt  of  recent  improvements,  and  it  is  highly  probable  that  i 
others  will  be  developed  in  the  same  way.  Farther,  the  sundry 
act  of  Jane  4, 1897,  reqaires  that  ^^  necessary  observations  and  in 
gations  in  connection  with  the  preservation  of  such  channel  d< 
(20  or  21  feet)  be  made,  and  aathorizes  exx)enditure  for  that  pa 
from  appropriation  for  work  on  the  ship  channel. 

The  balance  of  fdnds  available  for  continuingoperations  is  $607,li 
and  it  is  certain  that  further  appropriation  will  be  required  for  < 
all  that  is  indicated  above;  but,  under  requirements  of  law  and 
lations,  estimate  is  withheld  until  duly  called  for  by  Congress. 

The  observations  and  investigations  referred  to  above  are  nol 
of  vital  importance  in  relation  t^  this  particular  work,  but  every 
and  harbor  improvement  on  the  lakes  aud  their  connecting  chann 
deeply  concerned  in  them.  The  cost  of  making  them  comprehensi  v 
complete  enough  to  supply  data  for  reliable  conclusions  as  to  wl 
needed  for  the  preservation  of  these  channel  and  harbor  depths  wi 
be  less  thau  $250,000,  and  an  expenditure  of  at  least  twice  thai 
will  be  required  for  such  extended  work  as  is  urgently  needei 
obtaining  a  reasonably  accurate  knowledge  of  the  physical  condi 
which  control  and  regulate  the  levels  of  this  great  water  systen 
would  therefore  seem  highly  proper  that  provision  for  completing 
observations  and  investigations  should  be  made  elsewhere  than  i 
appropriation  for  this  specific  improvement,  and  the  propriety  of 
ing  it  in  connection  with  the  appropriation  for  surveys  of  the  Nor 
and  Northwestern  Lakes  is  suggested  for  consideration.  Most  a 
precise  work  of  that  nature  heretofore  done  has  been  in  conneotioii 
these  surveys. 

Money  statement. 

Jnly  1, 1897,  balance  unexpended $1, 130, 

Jane  30,  189^,  amount  expended  during  fiscal  year,  including  48  cents 
paid  l>y  Treasury  Department,  account  Western  Union  Telegraph 
Company 294, 

July  1,  1898,  balance  unexpended 836, 

July  1,  1898,  outstanding  liabilities $35, 4il.  81 

July  1, 1898,  amount  covered  by  uncompleted  contracts  ...  193,073.50 

228, 

July  1, 1898,  balance  available 607, 


Appropriations  for  ship  channel  in  the  connecting  waters  of  the  Great  Lakes, 

Jnly  13,  1892 $375,1 

March  3,  1893,  sundry  civil  act 875,  < 

March  2,  1895,  sundry  civil  act 500,  i 

June  11,  1896,  sundry  civil  act 500J 

June  4,  1897,  sundry' oi  vil  act 1, 090, 1 

Total 3,340,< 

February  19,  1895,  repayment  of  oveiiKiynient  made  R.  J.  Cram,  dredg- 
ing section  1 2,' 


> 


>.— ' 
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AUtTtidofpropo9aUfor  dredging  and  Buhmarine  rock  ercaration  in  th^  St,  Mary$  Hirer, 
Midiigan  (IleuM  A  and  li),  received  in  reapouee  to  adtertinement  dated  August  2,  ISy?, 
ndopmed  Augutt  SI,  1897, 


KMne  and  aildress  of  bidder. 


H.SaUiTaD^Dftroit.  Mich 

6.  U.  Knjmuin  &  Bros..  Toledo.  Obiu 

HiogitoB  ft  Woods,  Bntfal'NN.Y 

The  L.  P. k  J.  A.  Smith  Co.,  Cleveland. «  hi(} . 

Janwi  BooMy,  Toledo,  Oh  io 

J««n>h  RMeCullam,  Port  Huron,  Mich 

Oirkla,StickneT  it  Cram,  Detroit,  liicli 

AVilliun  A. SUrke,  MUwaiikee.  Wis 

H.  W. HobbeU  St  Co  ,  Sagin  iw.  M ich 

ArtliDr  H.  Togel,  Milwaukee.  W is 

LydoD  ii  Dreirs  Co.,  Chicago.  Ill 

C.X.HitcheU&  Co  ,  Lndington.  Mich 

flickler  Bm.,  Sanlt  Sf  e.  Marie,  Mich 

F.M.Kupp.RMine,Wis 


l*er  oubi<*'  yjird, 
bank  nieasui-eiiient. 


Item  A.     Item  B. 


^.98 
.44 
.52 
.GO 
.OU 
.44 
.44 


a. 84 

.40 

.48 

1.00 

.50 


a  $0.52 
.54 

.60 
.60 
.60 
.62 
.67 
.73 
.74 
.75 
.76 
.77 
.78 
.87 


a  Contracts  entered  into  Sept.  13, 1807. 

AUtraet  of  proposaU  for  remocing  ohetrutjtione,  Grosse  Itile  Lower  Range,  received  in 
response  to  advertisement  dated  April  1, 1898,  and  opened  April  gl,  1898. 


Kame  and  addreM  of  bidder. 


MSoUlnn,  Detroit,  Mich,  o 

tarkiB.Slicknev  &  Cnim.  Detroit,  Mich 

JM>ei  Kflonev.  ttiledo.  Ul  jio 

0.  H.  t  J.  B.  lin.ym.nnii,  Tolwlo,  Ohio , 

IkeL  P.&  J.  A.  Smith  Ci».,  Cleveland,  Ohio 
W.  A  McGUlig  8t  Co.,  Cleveland,  Ohio 


15,000  net  tons  of 
2,000  pound*. 


Kate. 


$2.60 
1.97 
2.15 
2.25 
2.80 
3.60 


Total. 


$39,000 
2.1,550 
32,250 
33, 750 
42,000 
52,600 


36,000  cnbie  yards, 


IUt9. 


$2.15 
2.95 
8.20 
8.50 
4.15 
6.25 


Total. 


$64,500 
88.500 
96,000 
105,000 
124,500 
167,500 


^gg^g^A^ 


$103,500 
118. 050 
128,250 
138,750 
166.500 
210,000 


a  Contract  entered  into  Apr.  28, 1898. 

'^^rad  of  proposals  for  furnishing  and  operating  dredging  plant  from  foot  of  Limekiln 
(droning  io  mouth  of  Detroit  Hirer,  received  in  response  to  adcertisemeut  dated  ApHl  1, 
^,  and  opened  ApHl  21,  1898. 


Name  and  address  of  bidder. 


f*?*.^,T- Toledo,  Ohio  a 

7  a.  k  I B.  lJre>Tnann,  Toledo,  Ohio 

J^^pliK-McOollum,  Port  Huron,  Mich 

»  A.McCillia  ec  Co.,  Clevj^aud,  Ohio , 

|f«f»«B.Stkkiiey  &  Cram,  Detroit,  Mich 

iJ»L.P.4  J.  A.  Smith  Co.,  Cleveland,  Ohio 


Perhonr. 


$9.00 
10.00 
11.00 
11.25 
15.00 
15.00 


a  Contract  entered  into  May  2, 1898. 
Abstract  of  contracts  in  force. 


Kame  of  contractor. 


t^:*  J.  A.  Smith  a.. 

'"'NSullifan 

*  i>ney 


Date  of 
apiiioval. 


Jan.  10,1893 
Oct.  24,1895 
Sept.  22, 1897 
Oct.  13.1fi»7 
May  9.1808 
May  14, 1898 


Date  of 
beginning. 

Jnne  1,1893 
Sept.  4, 1896 
Sept.  27. 1897 
Sept  21, 1897 
May  3,1898 
May  23, 1898 


D-ito  of 
expiration. 


Jnly  1, 1897 
July  10.1897 
Oct.  31, 1808 
Dec.  81.1898 
D«c.  1,1898 
Indefinite. 


a  Completed  Oct.  28, 1897. 


b  Completed  Oct.  16, 1897. 
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L  L  2. 

IMPROVEMENT  OF  ST.  MARYS  RIVER  AT  THE  FALLS,  MICHIGAN. 

At  the  time  of  the  adoption  of  the  present  project  the  old  State  locks, 
built  in  1855,  and  the  lock  of  1881  were  in  operation,  giving,  at  the  nor- 
mal stage  of  water,  a  maximum  draft  of  about'  16  feet.  To  meet  the 
demands  of  the  large  and  rapidly  increasing  commerce  between  Lake 
Superior  and  the  lower  lakes  a  lock  of  greater  capacity  and  an  increased 
allowable  draft  was  urgently  required. 

Tbe  project  thereupon  presented  October  18, 1886,  provided,  as  its 
leading  features,  for  constructing  a  new  lock  100  feet  wide  and  800  feet 
long  between  gat^s,  with  a  single  lift  of  18  to  20  feet  according  to  the 
fluctuation  of  the  upper  and  lov^er  levels,  and  depth  of  21  feet  over  the 
miter  sills;  the  canal  and  its  approaches  to  be  deepened  to  corres|>ond. 
The  estimated  cost  was  8^,738,865.  Details  of  the  project  and  estimate 
are  published  in  the  Annual  Report  of  the  Chief  of  Engineers  for  1887 
(pp.  2220-2223);  an  outline  of  operations  to  June  30,  1896,  in  report 
for  that  year  (pp.  2779-2784),  and  of  their  continuation  to  June  30, 
1897,  in  report  for  that  year  (pp.  2963-2965).  The  new  lock  was  opened 
to  navigation  August  3, 1896. 

Operations  during  the  last  fiscal  year  comprised:  (1)  Work  on  the 
west  approach  to  the  canal,  under  contract  with  Dunbar  &  Snllivan,  of 
Buiialo,  N.  Y.,  dated  September  14, 1895,  to  provide  a  channel  GOO  feet 
wide  and  21  feet  deep.  Work  under  this  contract  had  been  commeuceil 
October  28, 1895,  and  was  completed  July  20, 1897,  the  total  excavation 
being  165,101.3  cubic  yards,  bank  measure.  (2)  VVork  in  continaatioii 
of  the  above  under  contract  with  H.  W.  Hubbell  &  Co.,  of  Saginaw, 
Mich.,  dated  Sei)tember  13, 1897,  to  increase  the  width  of  channel  to 
1,000  feet.  Operations  commenced  October  7,  1897,  and  were  still  in 
progress  at  the  close  of  the  fiscal  year,  the  amount  excavated  in  the 
meantime  being  39,263  cubic  yards,  scow  measure.  (3)  Bemoving  sill 
of  old  movable  dam  and  dee])eniug  canal  in  the  vicinity  to  25  feet, 
under  contract  made  with  Hickler  Brothers,  of  Sault  Ste.  Marie,  Mich., 
after  public  notice  dated  March  17,  1898.  Work  was  commenced  AprU 
4  and  completed  June  27, 1898,  the  amount  of  material  drilled,  blasted, 
and  removed  comprising  timber  work,  concrete,  and  solid  rock  in  situ 
being  4,082.6  cubic  yards,  bank  measure.  (4)  Building  safety  gates  in 
canal  to  replace  old  movable  dam.  The  masonry  side  walls  and  miter 
sill,  together  with  all  other  underwater  work  was  done  while  naviga- 
tion was  suspended  between  December  10, 1897,  and  March  8, 1898,  and 
the  construction  of  the  gates  was  practically  completed  at  the  end  of 
the  fiscal  year.  (5)  The  new  power  house  and  office  building,  under 
contract  with  Joseph  Vernon  Gearing,  of  Detroit,  Mich.,  dated  August 
11,  1894,  was  completed  September  17,  1897. 

The  details  of  operations  involved  in  items  1,  2,  and  3  of  the  forego- 
ing paragraph  are  given  in  the  following  report  prepared  by  Mr.  Benno 
liohnert,  and  those  concerning  items  4  and  5  in  that  prepared  by  Mr. 
J.  L.  Callard,  assistant  engineers  in  immediate  charge  of  the  several 
works. 

REPORT  OF  MR.  BENNO  ROHNERT,  ASSISTANT  ENOIKEER. 

Item  A  (trest  appro€Uih  to  canal;  channel  600  feet  wide  through  Vidal  Shoals), — ^Con- 
tract dated  September  14,  1895;  Dunbar  &  SuUivan,  Buffalo,  N.  Y.,  con  tractors. 
Bates,  28  cents  per  cubic  yard,  bauk  measure,  for  earth,  and  $10  per  cubic  yard  for 
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roclc  to  21-foot  ^ade,  and  half  rates  between  21  and  23  feet.  Material,  sand,  bowl- 
ders, and  Kaudstone  rock  in  situ.  The  contractorH  l»e;ja!i  work  on  this  .section  Octo- 
ber 28, 1895. 

Work  was  continned  daring  Jnly  with  one  dredge  and  one  diving  ontfit,  removing 
such  points  as  remained  above  grade.    The  dredge  worked  29  hours,  w^is  delayed  liS 
hours,  and  excavated  70  cubic  yards,  scow  measure.    The  diver  worked  165  hours 
and  mined  175  cubic  yards.    The  section  was  swept  and  found  clear  July  20.     The 
BTimmary  sheets  of  computations  for  final  estimate  were  submitted  September  14. 
The  computations  were  made  in  duplicate.    The  computed  bank  measure  of  material 
from  above  the  21-foot  grade  is  81,338.4,  of  which  2,000  were  paid  for  as  rock; 
between  21  and  23  foot  grades,  54,630.9;  below  the  23- foot  grade  and  outside  of 
side  dlopes,  29,132,  making  a  total  of  165,101.3  cubic  yards.    The  total  cost  of  exca- 
vation is  $49,863.08.    When  bed  rock  was  found  in  the  lower  shoal,  a  portion  was 
set    apart  for  the  contractors,  from  which  they  could  take  2,000  cubic  yards,  this 
bein^  the  maximum  amount  of  rock  to  be  excavated  under  their  contract.    Any 
excess  was  to  be  paid  for  as  earth.    From  the  portion  set  aside  the  bowlders  and 
earth  were  stripped,  and  soundings,  10  feet  apart  both  longitudinally  and  trans- 
versely, were  taken  over  the  area.     'ITie  survey  was  repeated  after  the  cut  had  been 
wade.    The  actual  quantity  of  rock  excavated  by  the  contractors,  and  in  bank 
int-aKure,  is  2,073.8  cubic  yards  above  21-foot  grade;  between  21  and  23  foot  grades, 
1,070.1;  below  23-foot  grade  and  outside  of  side  slopes,  938.7,  making  a  total  of 
4.082.6  cubic  yards. 

This  improvement  was  not  available  to  navigation  until  the  rock  shoal,  which 
extended  more  than  two-thirds  across  the  channel,  was  removed  under  a  new 
eoutraet. 

lUmC^shoaUf  we$t  approach  to  canal;  channel,  1^000 feet  wide,  through  Vidal  ShoaU). — 

Contract  dated  September  13,  18i»7;  H.  W.  Hubbell  &  Co.,  contractors,  Sajrinaw, 

'i^\f\i.   Rates,  94  cent«  per  cubic  yard,  bank  measure,  for  all  material  above  21-foot 

l^aile,  and  half  rates  between  21  and  23  foot  grades.    Material,  sand,  bowhlers,  and 

sandstone  rock  in  situ. 

The  contractors  began  work  on  October  2  and,  save  between  October  10  and 
November  2,  continued  until  December  24,  when  the  plant  was  laid  up  for  the  wint<^r 
reason.  Operations  were  resumed  April  9.  The  dredge  worked  1,309^  hours,  was 
delayed 382/"/  hours,  and  excavated  39,263  cubic  yards,  scow  measure,  of  material. 
A  diver's  ontfit  was  in  commission  from  June  1  to  7.  During  the  55  hours  the  diver 
"woricedSS  cubic  yards  of  bowlders,  which  projected  above  the  19-foot  grade,  were 
removed. 

During  May  it  was  reported  that  vessels  were  striking  in  the  channel  through 
^idal  Shoals  then  in  use.  A  careful  examination  with  raft  bars  was  made  and  estab- 
iLshed  the  fact  that  the  grade  had  not  been  impaired,  but  the  draft  had  been  mater- 
ially diminished  on  account  of  the  low  stage  of  water  in  Lake  Superior,  1  foot 
below  mean  on  the  day  of  sweeping.  Temporary  improvements  were  not  made 
becaQ8«  they  were  too  extenaive  and  an  early  completion  of  a  300- foot  channel  through 
the  new  improvement  was  expected.  Several  sweepings  of  the  300-foot  cut  were 
^e  with  the  final  result  that  the  contractor  had  obtained  an  actual  depth  of  18 
feet  of  water  on  June  4.  On  June  8  it  was  buoyed  and  lighted  and  thrown  open  to 
?*Tigation.  The  first  vessels  bound  up  were  the  J.  J,  Mc  Williame  and  Alherta,  draw- 
'"?• '«8pectively,  16  feet  3  inches  and  14  feet  6  inches ;  bound  down,  Harlem  and  J,  W, 
ivuiolas,  16  feet  and  17  feet  2  inches.  The  Government  tugs  Antelope  and  Myra  were 
teoiporarily  stationed  at  the  shoals  to  pilot  boats  through  the  cut,  to  inform  masters 
"■to location,  marking,  etc. 

"floral  of  material  from  rite  of  movable  dam,  St,  Marys  Falls  Canal — Deepening  to 
«M-Pnblic  notice  dated  March  17,  1898;  Hickler  Brothers,  of  Sault  Ste.  Marie, 
^^h.,  contractors;  rates,  $6.50  per  cubic  yard,  bank  measure,  for  all  material  to 
«p-ioot  grade  and  half  rates  between  25  and  26  feet;  material,  sandstone  rock  in 
*»^  timber,  concrete,  and  iron  bolts. 

'^''•cntting  off  of  timbers  3  inches  from  the  face  of  the  masonry,  which  was  built 
^I'on  them,  was  begun  April  4,  and  continued  until  April  9,  when  all  the  work  that 
^^^^  be  done  in  the  day  and  while  the  dam  was  closed  was  finished.  Each  timber, 
Jr  •{?  12  inches,  was  bored  with  five  holes.  From  April  10  to  13  a  diver  completed 
°*  wrings  above  the  dam.  On  April  13  one  drill  and  one  dredge  began  work.  The 
*J^  of  drill  is  157f  hours  worked,  87  delayed,  204  holes  drilled,  and  l,961i  pounds 
!!J^  per  cent  dynamite  used  in  blasting.  The  total  depth  of  holes  drilled  is  1,697 
'*•*:  The  dredge  worked  161f  hours,  was  delayed  43i  hours,  and  excavated  3,995 
^""Ijywds.  scow  measure,  of  material.  The  drill  stopped  April  28  and  the  dredge 
^^21.  On  April  29  the  diver  began  picking  up  all  material  left  above  the  25-foot 
^«»  »nd,  in  the  catch-basin,  excavated  for  the  new  safety  gates.  This  work  was 
•^Donned  till  June  27.  Including  the  work  in  the  day,  the  diver  worked  578  hours, 
^**  delayed  59  hours,  raised  710  cubic  yards  of  material,  bored  358  holes,  and  used 
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50  pounds  of  powder.  On  June  27  the  exnminatioi)  with  raft  bars  as  tc  grade,  and 
by  diver  as  to  cleauiug  catch- basin,  was  made,  and  bhowed  that  the  work  was 
finished.  The  duplicate  computations  of  the  amount  of  material  removed  were  made, 
with  the  following  result:  From  above  the  25-foot  grade,  2,444.6  cubic  yards,  bank 
measure;  between  25  and  26  feet,  383.6;  below  26  feet,  309.1,  making  a  total  bank 
measure  of  3,137.3  cubic  yards.  This  improvement  finished  gives  a  draft  of  25  feet 
from  the  Foe  Lock  to  westerly  entrance  of  the  canal. 

REPORT  OF  BfR.  J.  L.  CALLARD,  ASSISTANT  BNGINSXR, 

Canal  safety  aatea. — The  site  of  these  gates  is  east  of  and  a4jacent  to  the  masonry 
abutments  of  the  movable  dam.  The  canal  at  that  point  is  108  feet  wide  in  the  clear. 
The  distance  between  the  centers  of  figure,  also  the  centers  of  revolution,  of  the  heel 

f^ost  of  the  gate  is  114  feet.  The  gate  is  of  the  circular-arch  type,  the  chord  of  each 
eaf  being  60.658  feet  long;  the  radius  of  the  neutral  axis  of  the  arch  is  98.147  feet, 
it  is  31.67  feet  hi^h,  and  designed  to  withstand  a  pressure  due  to  27  feet  of  water 
over  the  sill,  and  is  coustrncted  of  Oregon  fir. 

The  timber  and  iron  lor  the  gate  were  furnished  by  Hiokler  Brothers,  of  Sault  Ste. 
Marie,  Mich.  1'he  cement  was  furuished  by  the  Sandusky  Portland  Cement  Com- 
pany, of  Sandusky,  Ohio,  The  stone  used  for  the  concrete  abutments,  recesses,  etc., 
was  limestone  chips,  the  refuse  from  the  stone  planers  used  in  dressing  the  cat  stone 
for  the  Foe  Lock  and  owned  by  the  United  States.  The  sand  was  pumped  from  the 
.bottom  of  the  river  near  the  shore  at  Pointe  Aux  Pins. 

The  work  of  excavating,  laying  the  concrete,  and  building  the  gate  was  done  by 
the  United  States. 

The  plant  used  consisted  of  the  United  States  pump  scow,  furnished  with  two 
15-inch  centrifugal  pumps,  engines,  and  boilers,  one  10-inch  Cameron  pump,  two  der- 
rick engines,  two  boilers,  two  derricks,  three  steam  drills,  fourteen  derrick  boxes, 
wheelbarrows,  picks,  shovels,  etc.  With  the  exception  of  (he  derrick  engines  and 
steam  drills,  which  were  rented,  and  the  two  derricks,  which  were  built  especially 
for  this  work,  the  United  States  had  the  above  plant  on  hand. 

The  following  temporary  buildings  were  erected:  Two  sheds,  for  concrete  mixing, 
one  on  either  side  of  the  canal,  each  64  feet  long  and  28  feet  wide,  parts  of  which 
were  divided  into  bins  provided  with  steam  coils  for  heating*the  frozen  sand  and 
stone  previous  to  making  into  concrete,  one  boiler  house,  two  engine  houses,  one 
powder  magazine,  and  a  small  building  for  warming  the  powder. 

The  cost  of  the  plant  to  June  30  was,  for — 

Labor $1,942.48 

Materials  and  repairs 1,989.06 

Total 3,98L49 

The  cost  of  the  repairs  to  the  pump  scow  alone  was  $652.90;  the  boiler  had  to  be 
furnished  with  a  new  set  of  tubes  and  a  smokestack  before  it  could  be  used. 
Included  in  the  cost  of  the  plant  is  the  cost  of  the  several  sheds  built. 

The  movable  dam  was  closed  on  December  10.  The  sill  of  the  dam  had  been  con- 
siderabiy  damaged  by  the  keels  of  heavily  laden  vesst^ls  dragging  over  it,  which  had 
to  be  repaired  by  divers.  These  repairs,  together  with  other  repairs  to  the  dam  dur- 
ing the  winter,  cost  $860.60.  The  repairs  to  the  sill  were  completed  and  the  water 
let  out  of  that  part  of  the  canal  cnst  of  the  movable  dam  to  the  level  of  the  valves 
in  the  guard-gate  miter  wall  of  the  Poe  Lock  on  December  17.  The  water  remain- 
ing in  the  canal  below  this  level  had  to  be  pumped  out.  The  pumps  on  the  pump 
scow  were  used  for  this  purpose,  the  scow  resting  upon  the  downstream  apron  of  the 
sill  foundation  of  the  movable  dam,  the  water  being  pumped  over  the  top  of  the  dam 
into  the  pool  above.  The  leakage  of  water  through  the  dam  and  sides  of  the  canal, 
which  was  considerable,  was  also  pumped  over  the  dam. 

The  cost  of  pumping  was,  for — 

Labor $1,014.01 

Repairs,  oil,  etc 70.58 

Total 1,064.59 

The  cost  uf  fuel  for  pumping  and  all  other  purposes  was  (740(2^8  tons). ..     2, 076. 33 

The  work  of  excavating  was  begun  as  soon  as  the  water  was  let  out  of  the  canal 
and  completed  on  January  20, 1898.  About  3.900  cubic  yards  of  rock  and  1,100  cubic 
yards  of  earth  and  timber  pier  were  excavated.  The  excavating  was  done  by  two 
shifts  of  men,  each  shift  working  eight  hours. 
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The  cost  of  excavating  was,  for — 

X-^bor , $4,847.42 

£:KploBiy66,  fiiBes,  etc 5()6. 05 

Sl&arpening  drills  and  repairing  tools 306. 17 

X^i||;ht0  and  sandriea 46.85 

Total 5,706.49 

On  the  completion  of  the  excavation  the  work  of  erecting  the  timher  forms  for  the 

of  the  concrete  walls  of  the  gate  abutments  and  reccHses  was  begun. 
JProm  February  1  to  21  all  work,  except  pumping,  was  suspended  on  account  of  the 
Inre  of  the  contractor  to  furnish  the  eye  bars  for  the  anchorage  system,  which  had 
be  bnilt  into  the  concrete  abutments. 
The  eye  bare  having  arrived  the  work  of  laying  the  concrete  for  the  abutments 
d  receeees  was  begun  on  the  morning  of  March  1  aud  completed  on  the  evening  of 
mh  7.     This  part  of  the  work  was  made  continuous  by  the  employment  of  three 
liilta  of  men,  each  shift  working  eight  hours,  less  fifteen  minutes  for  lunch.    The 
Dcrete  for  the  foundation  for  the  miter-sill  was  laid  later  in  the  month.    The  coii- 
ite  for  the  gate  abutments  and  recesses  was  composed  of  1  part  cement,  1  part  sand, 
d  6  parte  limestone  planer  chips;  that  for  the  foundation  of  the  miter-sill  of  1  part 
oexnent,  1  part  sand,  and  5  parts  limestone  planer  chips. 

To  remove  the  frost  from  the  sand  and  stone  before  using  it  was  necessary  to  place 

l^t  in  bins  heated  with  steam  coils,  and  the  water  used  for  mixing  the  concrete  was 

'vrarmed  with  a  jet  of  steam.    There  were  laid  in  all  about  1,300  cubic  yards  of  con- 

erete,  of  which  about  1,200  cubic  vards  were  laid  in  the  gate  abutments  and  recesses, 

and  about  100  enbic  yards  in  the  toundation  for  the  miter-sill. 

'Ho  fonndations  are  yet  laid  for  the  operating  machinery  and  the  coping  is  not 
eompleted;  to  do  this  will  require  about  100  cubic  yards  of  concrete. 
Tne  cost  of  laying  the  concrete  was,  for — 

iJkbor $3,101.64 

Hateriali 5,615.04 

Total 8,616.68 

Under  the  cost  of  labor  is  included  $850.63  for  transferring  about  1,200  cubic  yards 
of  pliDer  chips,  by  scow,  from  Fort  Brady  Pier  to  the  site  oi  canal  gate.  The  extra 
liborof  patting  the  stone  and  sand  in  bins  to  remove  the  frost  added  considerably 
totkeeost  of  mixing.  Included  in  the  cost  of  materials  is  $1,147.60,  the  cost  of  412 
^*vnlaof  cement  at  $2.30  per  barrel,  and  about  200  cubic  yards  of  sand  at  $1  per 
CDbio  yard,  which  were  not  used,  but  which  were  purchased  for  this  work. 

Itwu  designed  to  bnild  the  gate  in  place  before  the  opening  of  navigation,  but  on 

*Ktmt  of  contractors  failing  to  deliver  the  iron  and  timber  in  time  it  had  to  be 

oniltoD  the  canal  bank.    This  part  of  the  work  will  be  completed  in  six  or  eight 
uyi. 

The  cost  of  the  gate  to  date  is,  for— 

I*^r $1,878.63 

7™ber 3,705,88 

}J» 5,497.31 

<W,  white  lead,  etc 135.13 

Total 11,216.95 

|QelQded  in  the  cost  of  the  gate  is  $287.50,  the  cost  of  the  timber  in  the  sill  and  the 
i"pf  of  framing  the  same,  and  about  $400,  the  cost  of  the  timber  not  used,  but 
^■^ich  Was  parchase<l  for  the  gate;  also  $1,249.18,  the  cost  of  the  iron  in  the  anchor- 
*«J  >J8teni,  etc. 

»^^'^hoDt  I20O  will  pay  for  thelabor  of  completing  the  building  of  the  gate  after  June 
^-  The  launching  and  putting  it  in  place  will  probably  cost  about  $500. 
'^Mides  the  above  classitied  expenaiture  of  labor  there  was  $939.6iB  expended  on 
J  ^^.fformiscellaneoos  work,  such  as  drilling  for  the  fox  bolts  for  bolting  miter  sill, 
^'*^itg  feoders  on  face  of  gate  abutments,  building  temporary  floating  fenders  for 
^^  leeesses,  etc.      The  coat  of  engineering  and  superintendence  to  June  30  is 
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Summary  of  coat  to  June  30, 

Plant $3,931.49 

Pumping 1,084.59 

Fuel 2,076.33 

Movable  dam  ..." 860.60 

Excavation 5,706.49 

Concrete 8,616.68 

Gate 11,216.95 

Engineering  and  superintendence 3,041.17 

Miscellaneous 939.66 

Total 37,338.83 

Power-house  and  ojffice  building. — Very  little  work  remained  to  be  done  on  the  build- 
ing at  the  close  of  the  last  irnvM  year.  The  electric-lighting  plant  was  completed  and 
the  required  tests  madeduriii<r  i,lie  month  of.July.  The  elevator  was  completed  and 
the  required  tests  made,  and  the  marble  base  and  mosaic  door  completed  during  the 
month  of  August.  All  the  remaining  work  under  this  contract  was  completed  before 
September  17,  and  the  keys  of  the  building  were  turned  over  to  a  representative  of 
the  United  States  on  that  date.' 

Surveys  and  examinations  were  made  as  required  to  show  the  con- 
dition of  improvements  completed  or  in  progress,  develop  blioals  or 
other  obstructions  to  navigation,  project  farther  improvements,  and 
locate  range  lights,  targets,  buoys,  and  other  aids  to  navigation,  all  as 
described  in  the  following  extract  from  report  prepared  by  Assistant 
Engineer  Benno  Eohnert,  in  charge: 

TYiangulation  stations. — Two  were  destroyed.  Triangulation  station  10.  which  was 
located  on  a  sandy  point  opposite  to  and  in  a  northerly  direction  from  Round  Island, 
was  washed  out  of  position.  The  station  was  replaced  close  to  its  old  position  to 
save  heavy  cutting  of  timber,  and  was  surrounded  by  cribbing  made  from  such 
drift  logs  as  could  be  procured  from  the  neighboring  beach.  Triangulation  station 
R.  I.  L.  U.,  which  was  located  on  the  platform  of  the  tower  of  Round  Island  Light- 
house was  destroyed  by  the  removal  of  the  upper  works  of  said  tower.  The  new 
station  is  in  a  northerly  direction  from  the  old  one  and  on  a  granite  bowlder,  marked 
"  A  R*  !•''  ^^^  new  stations  were  read  in  from  triangulation  stations  12  and  15,  and 
their  rectangular  coordinates,  referred  to  triangulation  station  11,  survey  of  1879, 
are — 

A 10  R.        943.68  west,  13,079.69  north. 

A      R.  I.  1,509.47  west,    3,689.51  north. 

Sweeping  with  raft, — Besides  the  regular  work  required  in  proving  up  contracts, 
the  river  from  the  canal  to  the  upper  entrance  of  Hay  Lake  Channel  was  swept  for 
21  feet  below  the  established  plane  of  mean  water  surface.  No  obstruction  was  found 
except  at  Sprys  Shoal,  which  was  improved  to  20  feet.  Also  from  the  canal  to  Vidal 
Shoals,  where  a  small  shoal  was  found.  A  survey  of  that  part  which  projects  south 
of  the  north  line  of  Item  C  was  made. 

Range  lights,  targets,  huoys,  etc. — The  private  range  targets  and  lights  in  the  vicin- 
ity of  Point  aux  Frdnes  were  read  in.  Their  rectangular  coordinates,  referred  to  tri- 
angulation station  Winter  Point,  were  computed.  A  list  of  azimuths  and  distances 
of  all  range  lights,  targets,  channel  buoys,  crib  lights,  etc.,  marking  the  navigable 
channels  of  St.  Marys  River  from  Iriquois  Point  to  Point  aux  Fr^nes,  was  prepared 
and  snbmitted. 

Surreys, — Such  changes  as  have  occurred  during  the  year  in  the  canal  gronnds  or 
immediate  vicinity  were  surveyed.  The  approved  harbor  line  was  staked  out  for 
the  Port  Royal  Dock  Company,  who  extended  their  pier  to  said  line. 

The  following  areas  were  sounded:  Site  of  proposed  extension  to  northeast  pier  of 
Poe  Lock;  Item  C,  for  season's  estimates  of  1897;  shoal  found  abont  1,000  to  1,500 
feet  west  of  lighthouse  of  southwest  canal  pier  and  site  of  movable  dam;  7,650 
soundings  were  taken,  of  which  4,790  were  in  the  winter,  through  the  ice.  For  this 
purpose,  and  for  the  guidance  of  contractors,  95  section  stakes  and  3  gauge  boards 
were  driven,  and  8  gauge  boards  were  place<l.  Azimuths  from  2  triangulation 
stations  to  12  stakes  were  computed.  All  soundings  were  reduced  and  mapped  on 
tracing  linen  or  platted  on  cross-nection  sheets,  as  necessity  required. 

Tests  were  made  of  deflections  of  the  lower  lock  gates  of  the  Poe  and  Weitzel 
Locks  and  the  leakage  of  the  valves  of  the  Weitzel  Lock. 

Water  leveh. — Daily  water-gauge  rca< lings  above  and  below   the 
locks  were  coutiuued  during  the  year,  aud  the  airnual  mean  for  the 
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calendar  year  1897  and  the  monthly  means  for  the  varioas  months  have 
been  computed.  In  order  that  these  published  tables  may  be  kept  up 
to  date,  the  vatioas  monthly  and  annual  means  of  St.  Marys  Kiver, 
abuve  and  below  the  locks  and  Lake  Huron  are  submitted  herewith. 

Elevation  above  aea  level. 


Mouth. 


July 

Aoput ... 
September. 
Oetober ... 

Deeenbtt. 


1897. 


Aimoal mean  (calendar  year)  ... 

1888. 


Jiinuiy.. 
P«bnutfT. 
Miitb.... 

April 

M»j 

JOM 


St.  Man 

'B  River. 

Aliove 

Below  the 

the  locks. 

locks. 

602.50 

533. 00 

602.65 

583.17 

602. 49 

582.97 

602.27 

582.68 

602. 17 

582. 36 

601.68 

582.  14 

602.01 

582.57 

601.18 

682.37 

600.96 

582.55 

600.80 

682. 18 

601.04 

581. 70 

601.22 

581.98 

601.64 

582. 36 

Lake 
Haron. 


680.39 
580.40 
580.14 
679.79 
579. 67 
679.37 

679.69 


679.22 
679.28 
579. 51 
580.00 
580.12 
580.28 


KoTL-To  obtain  the  elevation  of  Lake  Superior,  the  fnll  of  the  river  between  Whiteflsh  Bay  and 
tin  etnal  diould  be  added  to  these  readings  taken  above  thtt  locks.  ThiH  fall  for  the  normal  RtAfi:e  is 
about  0.41  foot  The  elevations  heretofore  nubllHhed  as  tlioHc  of  Lake  Superior  are  the  rea(liiig<4  taken 
in  Um  SI  Marys  Eiver  above  the  locks,  ana  should  be  siinilarly  rorrected  to  obtain  the  elevations  of 
^keSaperior  proper.  The  elevations  of  the  gauges  are  deri  veH  from  Ix^nch  mark  2,  on  the  south  wall 
« the  lock  of  1881.  established  by  the  United  States  Lake  Survey  in  1807  by  water-level  observations. 
^MdentioQ  of  the  bench  mark  is  606.87  feet  above  mean  tide  at  New  York. 

Differencea  in  elevation. 


Month. 


1«97. 
July 

£"»»»*.!!!*.! .'.'.".'.. 

te.£:::::E:::::::::: 

5?^W 

^'•waber 

AoBoai  mean  (calender  year) 

189S. 
JSjy 

i^....::::;::::::::::::::::::::: 


Between 

St.  Marys 

lliver  above 

and  below 

the  locks. 


Between 

St.  Marys 

•  Ui  ver  hefow 

the*locks 

aud  Lake 

Huron. 


19.50 
19.48 
19.52 
19.59 
19.81 
19.53 


19.43 


18.81 
18.41 
18.63 
19.34 
19.24 
19. 1'S 


2.61 
2.77 
2.83 
2.89 
2.69 
2.77 


2.88 


8.15 
3.27 
2.67 
L70 
L86 
2.08 


Between 

St.  Marys 

River above 

the  locks 

and  Lake 

Huron. 


22.11 
22.15 
22.35 
22.48 
22.50 
22.31 


22.30 


21.96 
2L68 
21.29 
21.04 
21.10 
2L36 


^e  estimated  cost  of  this  improvement  was  $4,738,865,  all  of  wluch 
^^been  appropriated.  In  addition  to  this,  $25,000  was  ai)propriated 
?y  act  of  March  3,  1893,  for  improving  the  Lake  George  Channel,  mak- 
jf^S  the  total  appropriation  to  date  $4,763,805.  The  improvements  in 
^ke  George  were  duly  made,  and  the  balance  of  money  now  available 
^Il8afiB(»  for  completing  the  work  that  remains  to  be  done  in  connec- 
^on  with  the  canal  system  at  the  falls. 

The  commerce  passing  through  the  St.  Marys  Eiver,  as  shown  by  the 
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accurate  statistics  of  traffic  through  both  the  Canadian  and  A  me: 
locks  at  the  Sault  for  the  navigable  season  ot  1897,  a  period  o 
days,  was  18,982,755  tons  .of  freight,  valued  at  $218,235,927.77. 
number  of  passengers  reported  on  vessels  in  transit  through  the '. 
was  40,213. 

The  work  is  in  the  collection  district  of  Superior,  Mich.  The  nearest  port  of 
is  Marquette,  but  Saalt  Ste.  Marie  is  a  subport.  The  nearest  light  bouses  a 
beacons  on  the  western  end  of  the  canal,  and  Fort  Brady  is  within  a  mile. 

Total  expenditure  to  June  30, 1897 : $3,561,1 

Expended  during  fiscal  year,  excluding  outntauding  liabilities 1"^!/ 

Total  expenditure  to  Jane  30, 1898 3,703,i 

Money  statement 

July  1.  1897,  balance  unexpended $1, 201, ! 

June  30, 1898,  amount  expended  during  fiscal  year,  including  20  cents 
paid  l>y  Treasury  Department,  account  Western  Union  Telegraph 
Company lil, ' 


July  1, 1898,  balance  unexpended 1, 060,1 

July  1,  1898,  outstanding  liabilities $49,  366. 96 

July  1, 1898,  amount  covered  by  uncompleted  contracts 28, 645.84 

78,' 

July  1, 1898,  balance  available ...! 982, 


Jppropriaiiona  for  improrifig  St,  Afarys  River,  Michigan, 

August  5, 1886 $250, 

August  11, 1888 1,000, 

September  19, 1890 900, 

March  3, 1891,  sundry  civil  act 600, 

March  3, 1893,  sundry  civil  act - 1,230, 

August  18, 1894,  sundry  civil  act 300, 

March  2,1895,  sundry  civil  act 483, 


Total...-- 4,763, 


Receipts  from  sales  of  fuel  to  officers,  .January,  May,  and  June,  1887.. 
Repayment  of  disallowance  of  part  voucher  19,  August,  1891  (see  p.  2S9o, 

Report  Chief  of  Engineers,  1894) 

Repayment  of  disallowance  of  part  Yoncher  24,  September,  1896 


Ahatract  of  proposals  for  dredging  and  suhmarine  rock  excavaii4m  in  ike  St.  Marys 
Michigan  (Item  C),  received  in  response  to  advertisement  dated  August  g,  189 
opened  August  SI,  1897. 


Kama  and  addroM  of  bidder. 


Pex 

ymit 


H.  W.  Hnbbell  8l  Co.,  Saginaw  Mioh.  a 

fli n^t on  &  Woods,  Buflalo,  N.  Y 

M.  Sullivan.  Detroit,  Mich 

Hickler  Brothers,  Sault  Ste.  Marie,  Mioh 

William  A.  Starke,  Milwaukee.  Wis 

Lydon  &  Drews  Co.,  Chicago,  111 

6.  H.  Breymann  8l  Brothers,  Toledo.  Ohio 

Arthur  H.  Vogel,  Milwaukee,  Wis 

Carkin,  Stlckney  8c  Cram,  Detroit,  Mioh 

The  L.  P.  Sl  J.  A.  Smith  Co.,  Cleveland,  Ohio. 


v^ 


«  nontraet  entered  into  September  18, 1B97. 
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Ahairaei  ofcontraets  in  farce. 


Name  of  contractor. 


JoMpb  Ycnuni  Gearing  a 

Danbir  4So]llvan  b 

EW.HobbeU&Co.... 


Date  of 
approraL 


Ang.  21, 1804 
Oct.  19,1895 
Sept.  21, 1897 


Date  of 
beginning. 


Sept.  11, 1894 
Oct.  28,1896 
Oct.     2, 1897 


Date  of 
expiration. 


July     1, 1897 

Do. 
Sept.  30, 1808 


a  Completed  September  27, 1807. 


ft  Completed  Joly  20, 1807. 


OPERATING  AND  CARE  OF  ST.  MARYS  FALLS  CANAL,  MICHIGAN. 

This  is  provided  for  by  the  permanent  indefluite  appropriation  for 
operating  and  care  of  canals  and  other  works  of  navigation  under  sec- 
tion i  of  the  river  and  harbor  act  of  Jnly  5, 1884,  and  the  amount 
eipended  for  it  during  the  fiscal  year  ending  June  30,  1898,  was 
♦58,890.72. 

Daring  the  year  the  Poe  and  Weitzel  locks  were  both  in  service,  with 
aregQlar  operating  force,  as  finally  organized,  of  1  superintendent  and 
3  assistant  superintendents,  with  63  men,  working  in  three  watches  of 
eight  hoars  duration  daily.  This  was  an  increase  of  7  in  the  number  of 
men  for  each  watch,  in  order  to  operate  both  locks,  and  thereby  pro- 
vide for  safe  and  expeditious  passage  of  the  steadily  growing  commerce. 
Ill  addition  to  this  force  a  labor  party  of  varying  size,  as  required  for 
the  care  and  repair  of  the  canal  and  the  grounds  pertaining  to  it,  served 
under  the  immediate  direction  of  the  assistant  engineer  and  general 
superintendent. 

The  canal  was  opened  to  navigation  237  days,  the  closed  season  being 
between  December  10, 1897,  and  April  18, 1898,  and  during  that  period 
eoDsiderable  repairs  and  modifications  were  made  in  some  of  the  details 
of  the  Poe  Lock  machinery.  The  beneficial  eflFects  of  this  work  have 
been  plainly  apparent  since  navigation  was  resumed  last  spring.  The 
timber  walls  of  this  lock  were  also  repaired  and  strengthened  during 
the  closed  season,  and  extensive  repairs  were  made  to  the  lower  gates 
of  the  Weitzel  lock  to  make  them  safe  for  another  year's  service. 

The  total  delays  that  occurred  during  the  year  in  locking  vessels 
^ere  99  hours,  of  which  6J  were  in  the  Weitzel  and  92 J  in  the  Poe 
lock,  and  of  the  latter  90  occurred  between  July  1  and  December  10, 
||^7,  being  an  average  of  about  16^  hours  per  month  for  that  period. 
This  average  fell  to  1  hour  per  month  after  the  completion  of  repairs 
*bove  referred  to  from  the  resumption  of  navigation  in  April,  1898,  to 
tbe  close  of  the  fiscal  year. 

On  the  outbreak  of  war  with  Spain  a  special  guard  of  twenty- four 
uepaty  sherifiTs  was  established  at  the  locks  and  continued  in  service  to 
^pe  27,  after  which  this  duty  was  performed  by  a  detail  from  the 
^joining  military  garrison  at  Fort  Brady,  Mich.  (Eighteenth  Pennsyl- 
vania Volunteers). 

The  namber  of  vessel  passages  through  these  locks  during  the  last 
^^  year  was  13,411,  their  registry  aggregating  14,435,068  tons,  the 
^ght  carried  by  them  14,968,377  tons,  and  the  number  of  passengers 
2SfK7,  During  the  same  period  the  number  of  vessel  passages 
Omugh.  the  Canadian  lock  was  ^750,  carrying  5,320,262  tons  of  freight 
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and  11,883  passengers;  the  combined  traffic  through  the  two( 
showing  the  total  Lake  Superior  commerce  to  have  comprised 
vessel  passages,  with  20,288,639  tons  of  freight  and  40,650  passe 
This  is  an  increase  in  the  number  of  passages  of  9  per  cent,  b 
increase  in  the  freight  traffic  reached  the  phenomenal  proportior 
per  cent,  and  of  the  passenger  service  38  per  cent.  The  tables 
below  present  many  other  interesting  details  concerning  this 
commerce. 

The  canal  i)08t-office  handled  82,179  pieces  of  mail,  consist 
71,840  letters,  4,326  postal  cards,  5,700  newspapers,  and  313  parce 
addition  to  this,  598  pieces  were  returned  to  the  city  post  offio 
being  held  thirty  days  uncalled  for,  and  1,346  pieces  were  for^^ 
to  new  addresses.  This  mail  service  shows  a  slight  decrease  a 
pared  with  the  previous  year. 

The  following  statements  and  tables  give  interesting  details 
traffic  through  this  canal  and  its  companion  on  the  Canadian  si 
the  fiscal  year  ending  June  30, 1898,  thereby  showing  the  total 
traffic  to  and  from  Lake  Superior  for  that  period: 

No.  1. — Statement  of  the  number  of  veeseU  parsing  through  St,  Marye  FalU 
Michigan,  mth  number  and  coet  of  lockage,  for  the  fiscal  year  ending  June  SO, 

Number  of  vessels  tbrongh  Weitzel  Lock,  2,778 ;  throngh  Poe  Lock,  10,633;  i 
of  lockages  through  Weitzel  Lock,  1,660;  through  Poe  Lock,  4,598;  total  reg 
tonnage,  14,435,068;  total  freight  tonnage,  14,968,377;  total  time  during  whic 
were  operated,  4,172  hours  26  minutes;  average  time  occupied  in  making  a  h 
40  minutes;  total  time  spent  by  vessels  in  passing  locks,  8,115  hours  23  m 
average  time  spent  by  vessels  in  passing  locks,  36  minutes  31  seconds;  c 
lockage,  $9.41 ;  cost  per  passage,  $4.39;  cost  per  registered  ton,  4.08  mills;  c 
freight  ton,  3.93  mills. 

The  United  States  canal  was  open  to  navigation  237  days,  from  July  1  to  De 
10, 1897,  and  from  April  18  to  June  30, 1898,  and  the  Canadian  canal  was  o] 
days. 

No.  2. — Statement  of  total  commerce  to  and  from  Lake  Superior  for  thefincal  yeai 
June  SO,  1898,  through  United  States  and  Canadian  oanaU  at  SauU  Ste,  Marie 
and  Sault  Ste,  Marie,  Ontario. 


Items. 


Vess^ number. 

Lockages do... 

Tonnage,  registered net  tons. 

Tonnage,  freight do... 

Passengers number. 

Goal,  bud net  tons. 

Coal,  soft do... 

Plonr barrels. 

Wheat bushels. 

Grain do... 

Hanafaotnred  and  pig  iron net  tons. 

Salt barrels. 

Copper net  tons. 

Iron  ore do... 

Lumber M.  feet  B.M. 

Silver  ore net  tons. 

Building  stone do... 

Unolassified  freight do... 


United  States 

Canadian 

1 

canal. 

13,411 

4,750 

6,258 

2,964 

14,485,068 

4.114,797 

11 

14,968,377 

6.320,262 

S 

28.767 

11,883 

445,216 

105,460 

2,299,212 

483.187 

t 

7,310,407 

1, 138, 945 

1 

81,717,056 

16.209,721 

4' 

19,665.790 

4,241,342 

2 

159, 754 

25,411 

287,877 

89,235 

115,260 

8.218 

7,948,577 

8,840,776 

1 

808,607 
5 

14,846 

7,506 

617,941 

92,921 

KoTK.— The  United  States  canal  was  open  to  commerce  during  the  fiscid  year  237  days,  fh» 
to  December  10, 1897,  and  from  April  18  to  Jane  30,  1898. 

The  Canadian  canal  vraa  open  to  commerce  during  the  fiscal  year  248  days,  from  July  I  to  S 
14, 1897,  and  ftom  April  11  to  Jane  30, 1898.    All  diiles  inolusive. 
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No.  Z,— Comparative  gtaiemeui  of  total  eommeree  to  and  from  Lake  Superior  for  the  fiscal 
|Mri  1897  and  1898,  through  United  Statee  and  Canadian  canals  at  Sault  Ste.  Marie, 
Mid,  and  Ontario. 


Items. 


Twiwli nnmb«r. 

Lockages do... 

T(qin^e,refi8teTed net  tons. 

Tonuage,  freight do. . . 

Paiaengen ^ ■« number. 

Coal net  tons. 

Hoar barrels. 

Wlwt bushels. 

l)nin,o(bertb«n  whest do... 

IbaniactDred  and  pig  iron net  tons. 

Sail barrels. 

CbpIw net  tons. 

IiODora do... 

Lnmbff MfeetB.M. 

SlTwore net  tons. 

BoUdiiigitooe do... 

UndiiKfled  freight do... 


Fiscal  year. 


1897. 


16,841 

8,497 

15,933,843 

15, 817, 577 

34,019 

2,935,827 

9, 897, 860 

59,895.987 

31,550,694 

122,057 

227,204 

119,986 

5,544,457 

682,453 

240 

14,519 

538,945 


1898. 


18, 161 

9,222 

18, 540, 865 

20,288.639 

40,050 

8,833,075 

8,449,352 

47,926,776 

23,907,132 

185,165 

827.112 

123,478 

11, 789. 353 

823,453 

5 

7,506 

610,862 


Increase. 


1,320 

725 

2,616,522 

4,471,0(52 

6,631 

897,248 


63,108 

99,908 

3,492 

6,244,896 

141,000 


71,917 


Decrease. 


948,508 

11,960,211 

7, 643, 562 


235 
7,018 


Ho.  i,— Comparative  statement  of  commerce  through  St,  Marys  Falls  Canal,  Michigan, 

for  the  fiscal  years  1897  and  1898, 


Items. 


J«"el> number.. 

I^kagit do.... 

IoDaag«,retdatered net  tons.. 

J«Mje,  freight do 

FttMDgen number.. 

S«l net  tons.. 

™.. barrels.. 

jf"*«t bushels.. 

g»iB.«ther than  wheat do.... 

"fiK^Ktared  uid  pig  iron net  tons. . 

«* barrels.. 

V*PP« net  tons.. 

{'WW* do.... 

J«»fc« MfeetB.M.. 

S5;?*» net  tons.. 

Jl^fstone do.... 

uidiafled  freight do.... 


Fisoalyear. 


1897. 


12,291 

6.780 

12,277,458 

11,827,359 

20,900 

2,064.270 

7,733,707 

41,799,722 

26,964,541 

107,036 

215,254 

110,746 

5,414,188 

664,123 

240 

14,459 

441,122 


1898. 


13,411 

6,258 

14,435,068 

14,968,377 

28,767 

2,744,428 

7, 310, 407 

81,717,055 

19, 665, 790 

159,754 

287,877 

115,260 

7,948,577 

808,607 

5 

7,506 

517, 941 


Increase. 


1.120 

478 

2, 157. 610 

8,141,018 

7,867 

680,158 


52. 718 

72,623 

4,514 

2,584,889 

144,484 


76.819 


Decrease. 


423,300 

10, 082, 667 

7,298,751 


235 
6,953 


No.  5.— Comparaim  staiemient  of  commerce  through  Canadian  Canal,  Ontario,  for  the 

fiscal  years  1897  and  1898, 


Items. 


;*•* - number. 

iMacH jIo... 

J*"^rtiistered net  tons. 

S^ge.  fright do... 

^y^fwi number. 

i?* net  tons. 

52!; barrels. 

r*?" bushels. 

^.  other  than  wheat do... 

fJ^^^'vtiiTed  and  pig  iron net  tons. 

i^'" barrels. 

T^P* net  tons. 

£;•[• do... 

JSJ» MfeetB-M. 

'^SMi,iii:::::;:::::::::::::;~'.r: 


Fiscal 

year. 

Increase. 

Decrease. 

1897. 

1898. 

4,560 

2,717 

8,655,885 

8,990,218 

13, 110 

871,567 

1,664.153 

18,096,265 

4, 586, 153 

15,021 

11,950 

9,240 

2, 130, 269 

18,830 

60 

97,823 

4,750 

2,964 

4,114,797 

5,820,262 

11,883 

588,647 

1, 138, 946 

16,209,721 

4,241,342 

25,411 

89,235 

8.218 

8,840,776 

14,846 

200 

247 

458, 912 

1, 330, 044 

1,227 

282, 910 

525.208 

1,886,544 
844,811 

10,300 
27.285 

1.022 

1, 71U,  507 

8,484 

60 

92.921 

4,902 
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Special  attentioo  is  invited  to  the  fact  that  the  foregoing  statistics 
relate  to  the  fiscal  years,  and  that  the  continuity  of  record  for  a  com 
plete  single  season  of  navigation  is  thereby  broken;  for  example,  th< 
statistics  for  the  fiscal  year  1897  comprise  only  the  latter  part  of  thi 
navigable  season  of  1897  (Jaly  1  to  December,  1897)  and  the  first  par 
of  the  navigable  season  of  1898  (April  to  July  1, 1898).  The  following 
reports  and  tables,  made  up  for  calendar  years,  are  therefore  added  h 
order  to  give  a  complete  and  unbroken  record  for  each  correspondini 
entire  season  of  navigation,  the  rule  being  that  each  season  habitnalli 
opens  in  April  and  closes  in  December  of  the  same  calendar  year. 


REPORT  OF  LIEUT.  OOL.  O.  J.  LTDEOEER,  CORPS  OF  ENGINEERS,  01 
COMMERCE  PASSING  ST.  MARYS  FALLS  CANAL,  MICHIGAN  ANl 
ONTARIO,  DURING  CALENDAR  YEAR  1897. 

[Printed  in  House  Doc.  No.  329,  Fifty- fifth  Congreta,  second  session.] 

United  States  Engineer  Office, 

Detroit^  MicKj  February  17, 1898, 

General:  I  have  the  honor  to  transmit  herewith  statement  o 
freight  and  passenger  traffic  to  and  from  Lake  Superior,  via  the  St 
Marys  Eiver,  daring  the  calendar  year  1897,  as  compiled  trom  reporti 
made  by  vessel  masters  when  passing  through  the  American  and  Cans 
dian  locks  at  Sault  Ste.  Marie,  Michigan  and  Ontario.  They  show  i 
total  freight  traffic  of  18,982,755  net  tons,  an  increase  of  nearly  two  an( 
three- quarter  millions,  or  about  17  per  cent  over  that  for  1896;  the  tota 
passenger  traffic  was  40,213,  an  increase  of  3,147,  or  about  8^  per  cent 
Navigation  opened  April  21  and  closed  December  14, 1897,  covering 
therefore,  a  period  of  seven  months  and  twenty  four  days,  daring  whid 
the  average  monthly  freight  traffic  was  2,433,086  tons. 

The  amount  of  freight  passed  through  the  American  canal  wai 
14,039,626  tons,  an  increase  over  that  for  the  year  1896  of  2,360,602 
tons,  or  about  20  per  cent;  the  number  of  passengers  was  28,705,  a: 
compared  with  22,438  for  1896,  being  an  increase  of  6,267,  or  about  2a 
per  cent. 

The  amount  of  freight  passed  through  the  Canadian  canal  wa. 
4,943,129  tons,  which  was  an  increase  over  that  for  1896  of  383,092  tons 
or  about  8.4  per  cent;  the  number  of  passengers  was  11,508,  as  coia 
pared  with  14,628  for  1896,  being  a  decrease  of  3,120,  or  about  21  pe 
cent. 

The  American  canal  passed  74  per  cent  of  the  total  amount  of  freigb 
and  71  -per  cent  of  the  total  number  of  passengers;  the  Canadian  cans 
26  per  cent  and  29  per  cent,  respectively. 

The  total  number  of  vessels  through  both  canals  was  17,171,  a 
against  18,615  for  the  year  1896,  being  a  decrease  of  1,444,  oc  about 
per  cent;  the  total  number  of  lockages  was  8,571,  which  was  895,  a 
about  9  per  cent,  less  than  during  1896.  This  decreased  number  c 
vessel  passages  and  lockages,  coupled  with  the  large  increase  in  freigb 
tonnage,  is  a  clear  indication  of  the  rapid  growth  in  size  of  vessels  an* 
cargoes  that  is  resulting  from  the  greater  navigable  depth  afforded  b^ 
the  improved  channel  that  has  been  made  by  the  United  States  througj 
the  St.  Marys  River,  the  season  of  1897  being  the  first  during  which  thi 
channel  was  at  all  points  available  for  commerce. 

Our  canal  was  closed  to  navigation  in  1897  four  days  earlier  thai 
would  have  been  necessary  on  account  of  natural  causes,  in  order  t^ 
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permit  ns  to  make  preparation  for  some  very  important  work  that  was 
proposed  to  be  done  in  the  interval  before  navigation  was  likely  to  open 
next  spring.  This  coarse  was  made  permissible  only  through  the  extreme 
courtesy  of  Mr.  J.  G.  Boyd,  superintendent  of  the  Canadian  canal,  and 
itsctiber  officials,  who  gave  us  the  assurance  that  their  lock  would  be 
kept  open  for  passing  all  vessels  until  final  traffic  should  become  impos- 
sible on  account  of  ice,  though  it  was  then  fully  known  that  such 
extended  service  would  accommodate  none  other  than  American  craft. 
The  result  was  that  the  Canadian  canal  continued  in  operation  until 
December  14,  thereby  prolonging  navigation  to  a  later  date  than  in  any 
previous  year,  and  I  desire  in  this  report  to  record  my  profound  appre- 
ciation of  the  benefits  accruing  to  our  commerce  and  the  work  related 
to  it  through  this  friendly  act  of  our  neighbors.  It  is  a  natural  sequence 
of  other  courtesies  extended  to  us,  especially  as  respects  the  daily  trans- 
mission of  all  their  records  of  traffic,  formulated  in  the  same  shape  as 
those  previously  adopted  for  use  on  our  own  canal,  and  therefore  so 
easily  incorporated  in  our  own  records. 

The  growth  of  commerce  through  the  river  since  the  first  United 
States  lock  at  the  falls  was  opened  in  1881  is  indicated  by  the  following 
rtsumdof  previous  reports: 


Year. 


lotelfreighl  during  seaaon  of — 

1881 

1182 

18SS 

U84 

1«6 

m 

va 

ins 

m 


Tous. 


1.567,741 
2.020,621 
2.287,105 
2,874,557 
8,25e,«28 
4.527,760 
6.404,640 
0,411,423 
7.516.022 


Year. 


Total  flight  during  •eason  of— 

1800 

1891 

1892 

1803 

1804 

1895 

1896 

1897 


Tons. 


0, 041, 213 
8,888,750 
11, 214. 333 
10,706,572 
13. 105, 800 
15,062,580 
16. 230, 061 
18,082,755 


Very  respectfully,  your  obedient  servant, 

O.  J.  Lydeokeb, 
Lieut  Col.y  Corps  of  Engineers. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8,  -4.. 


*«'««iJo/  water  traffle  to  and  from  Lake  Superior  for  the  season  of  1897,  as  shown  by 
f^iiaties  of  the  United  States  and  Canadian  canals  at  Sault  Ste.  Marie,  Mioh,  and 


Itoma. 


?•*'•• number. 

{J^M do... 

jwtered net  tons . 

p'wigbt do... 

olJ^J^n nnmber. 

1^ net  tona. 

te; barrela. 

J«rt Imahela. 

GIliJ^  oUior  than  wheat, 


Trafflo  for  1807. 


United 
States 

oanal. 


12,812 
5,067 

13,823,836 

14,030,626 

28,705 

486,004 

2,110,602 

7,814,745 

88,006,077 

21,714«781 


Canadian 
canaL 


4,350 
2,604 

3,706,007 

4,043,120 

11,508 

100,205 

883,471 

1.106,808 


Total  trafflo  for— 


Season 
of  1807. 


17, 171 
8,571 

17,610.038 

18,082,755 

40, 213 

636,109 
2,502,073 
8,021,143 


17,017,82555,024,302 


8,174,067,24,880,688 


Season 
of  1896. 


18, 615 
0,466 

17,240,418 

16, 280, 061 

87,066 

307,210 

2, 626, 130 

8,882,858 

63,256,463 

27, 448,  on 


Increase,  1807. 


Amount. 


870, 515 
2,743,694 
3,147 

138,080 


38,285 


Per 

oent. 


2 

17 
8 

85 


.4 


Decrease,  1807. 


Amount 


1,444 
805 


123, 157 


7, 332, 161 
2.558,383 


Per 

oent. 


•  Steamers,  12,020;  sails.  4,438 ;  nnxegistered,  704.    Total,17,17L 


8 
0 


5 
i2 
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Statement  of  water  traffic  to  and  from  Lake  Superior  for  the  eeaeon  of  1897,  etc  — Cont'd. 


Items. 


Mannfactared  and  pig  iron, 

net  tons 

Salt barrete.. 

Copper net  tons. . 

Iron  ore do 

Lumber MfeetB.M.. 

Silver  ore nettona.. 

Boildinc  atone do — 

Unolasaified  freight  a. .  do — 


Traffic  for  1897. 


United 
SUtea 
canaL 


118, 161 

269.189 

117,360 

7,048,686 

795,441 

5 

0,189 

483,854 


Canadian 
canaL 


17,003 

16,260 

4,964 

3, 585, 129 

10, 171 


Total  traffic  for— 


Season 
of  1897. 


60 
95,194 


185,164 

285,449 

122,824 

10,633,715 

805,612 

5 

6,249 

579,048 


Season 
of  1896. 


121,872 
237,515 
116, 872 


Increase,  1897. 


Amount. 


13,292 
47,934 
6,452 


7,909,250  2,724,465 
684,086  120,626 

240 

17,731 

520,8511      58,197 


Per 
cent. 


11 
20 
6 
34 
IB 


11 


1887. 


Amoont. 


235 
11,482 


Per 

cent. 


96 
05 


a  The  item  of  unclassified  fteight  includes  2,905  tons  of  wooL 

The  United  States  canal  was  opened  April  21  and  closed  December  10, 1897 ;  season,  234  dajs. 
The  (Canadian  Saolt  Canal  was  opened  April  21  and  dosed  December  14. 1897 :  season,  238  osys. 
United  States  canal  was  open  to  navigation  during  the  season  of  1896,  232  days;  season  of  1897, 234 
days. 

After  the  foregoing  report  had  been  prepared  the  office  force  at  the 
canal  was  engaged  until  the  middle  of  April,  1898,  in  computing  and 
tabulating  all  data  relating  to  commerce  through  the  canal  that  had 
been  recorded  during  the  preceding  season  of  navigation.  The  results 
are  summarized  in  the  following  statements  and  tables.  The  net  ton  of 
2,000  pounds  is  meant  whenever  that  unit  of  weight  is  used: 

(/)  Summary  of  commercial  etatistice  for  St,  Marys  Biver  for  season  of  1897, 

Total  mile-tons 15,969,303,576 

Total  freight  carried tona..  18,982,755 

Total  valnation  placed  on  freight  carried $218,236,927.77 

Average  value  per  ton  of  freight  carried $11.50 

Total  amoont  paid  for  freigh  t  transportation $13, 220, 099. 84 

Average  distance  freight  was  carried miles..  '             841.3 

Cost  per  mile  per  ton miU..  .83 

Average  cost  per  ton  for  freight  transportation $0. 69^ 

Total  namber  regijitered  vessels  nsing  canals 84S 

Total  nnmber  of  passages  by  unregistered  vessels  carrying  freight..  377^ 

Time  American  lock  was  operated days..  234: 

Time  Canadian  lock  was  operated do...  239 

Total  valnation  placed  on  registered  vessels $44,877,100 

Total  number  of  passengers  transported 40,213 

Total  freight  carried  by — 

Registered  vessels tons..  18,953,993 

Unregistered  vessels do...  28,762 

(5)  Estimated  value  of  freight  through  St.  Marys  Falls  Canal,  Michigan,  and  SauU  St^^ 

Marie  Canal,  Ontario,  for  the  season  of  1897, 


Items. 


C(mU,  anthracite net  tons. 

Coal,  bituminoas do... 

Flour : barrels. 

Wheat bushels. 

Grain  (other  than  wheat) do... 

Mannfactared  iron net  tons. 

Pie  iron do... 

Salt barrels. 

Copper net  tons. 

Iron  ore do... 

Lnmber M  feetB.  M. 

SUverore net  tons. 

Baildinff  stone do... 

UnclassTfled  freight do... 


Total. 


Quantity. 


536,  IM 

$5.60 

2,602,973 

2.60 

8, 021, 143 

4.50 

55, 924, 302 

.87 

24,889.688 

.46 

121,848 

50.00 

13,816 

18.25 

285,449 

.75 

122, 324 

200.00 

10, 633, 715 

8.00 

805,612 

18.50 

5 

112.00 

6.249 

10.00 

679,048 

60.00 

Price  per 
unit. 


ValuatioD. 


«S,949,094.i 

6.507,729. 
40, 146, 143.  SO 
48, 654, 142. 7f 
11.44»,25«.4l« 

6,092,400.00 

176, 437.  Of 

214,086.2 
24,464,800.00 

31.901,145.0^ 

16, 875, 762.  OJ 
560.00 

62, 49a  00 
84, 742. 880. 0' 


218, 285, 927. 7T 


Arerage  ralne  per  ton  of  freij(ht  for  season  of  1896. 
▲verage  ralne  per  ton  of  freight  for  season  of  1897. 


aw 
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The  aatborities  for  valnations  in  the  foregoing  table  are  as  follows: 

(M,  qaotations  in  Coal  Trade  Journal,  Daluth  and  Superior;  cereals, 

daily  reports  in  Daluth  and  Superior  journals,  with  freight  to  lower 

lakd ports  added ;  iron  ore  and  pig  iron,  weekly  quotations  in  Iron  Trade 

Keview,  Marine  Record,  and  Marine  Beview:  salt^  quotations  Lake 

Superior  ports.    Manufactured  iron  covers  such  a  wide  range  that  it  is 

impossible  to  assign  a  strictly  correct  average  price,  but  $50  is  the  con- 

Yentional  average.    The  value  of  between  4,000,000  and  5,000,000  feet 

of  the  lumber  included  in  last  year's  shipments  was  as  high  as  $30.  but 

113.50  is  a  fair  average  of  all  shipments.    The  stone  shipped  to  lower 

lake  ports  is  all  red  sandstone  and  that  to  Lake  Superior  is  limestone; 

tlO  is  accepted  as  a  fair  average  valuation.    The  valuations  for  copper, 

silver,  and  unclasaifled  freight  are  taken  to  be  the  same  as  in  the 

previous  year. 

{S)  Coiiofoarr^ng  freight  transported  through  Sault  8te,  Marie  Falls  Canal,  Michigan, 

and  Sault  Ste,  Marie  Canal,  Canada. 

[Mile-tons,  season  of  1B97.] 


Items. 


C<»i net  tons.. 

5?w barrels.. 

ybeil bushels.. 

Gnio  (other  thanwheat) do.... 

■ua^etoied Iron net  tons.. 

JJfina do 

«"* barrels.. 

J*PP«r net  tons.. 

JwDflw do 

J«>b« MfeetB.]i.. 

SirvofeudlnJlion net  tons.. 

{««ilii««tone do.-.. 

'^'MeQiiMou  merohandise do 


ToUlooBt. 


Qnantity. 


8,039,172 

8,921,148 

65,924,802 

24,880,888 

121,848 

18.810 

285,449 

122,824 

10,633,715 

805,612 

6,249 
579,048 


Price  per 
nnit. 


$0.80 

.10 

.017 

.02 

1.40 

1.05 

.15 

1.95 

.65 

1.55 

2.83 

1.50 

2.80 


Amount. 


1911, 

802, 

950, 

497, 

170, 

18, 

42, 

238, 

0.911, 

1.248, 

0. 
1.881, 


751.60 
114.30 
713. 13 
793.76 
587.20 
981.80 
817.85 
531.80 
914.75 
698.60 
11.65 
378.50 
810.40 


18,220»099.84 


Son..in  this  table  **  tons  "  mean  "  net  tons,"  or  tons  of  2,000  pounds.  The  total  amount  of  freight 
I»f.91S,2S0,0B9.84,  divided  by  the  total  mile-tons,  15,969,893,576,  giyes  the  cost  per  mile  per  ton,  0.88 
>»iL  The  STsrage  distance  freight  was  carried  was  841.8  miles,  wnich  is  4.0  more  than  in  1896. 

(t)  Cki^^ieation  of  registered  vessels  and  their  valuation,  registered  tonnage,  and  traffic 

for  season  of  1897, 


American  craft. 

0^ 

Ko. 

Regis- 
tered ton- 
ni^e. 

Freight 
tonnage. 

Passen- 
gers. 

Yalu*- 
tion. 

No. 

Regis- 
tered  ton- 
nage. 

Freight 
tonnage. 

Passen- 
gers. 

Valua- 
tion. 

StettHn 

484 
303 

506,487 
250.651 

12,698,150 
5,702,610 

22,176 
51 

$33,963,100 
8,412,600 

41 
20 

21.877 
10,424 

465,517 
87,716 

17,986 

$1,793,100 
208,800 

1^.. 

787 

757,138 

18,400,760 

22,227 

42,375,700 

61 

31,801 

553,233 

17,986 

2,001,400 

(5)  Freight  carried  by  unregistered  waft. 


Class. 


Io«al 


Number  of 
passages 

when 
carrying 
freight. 


185 
192 


877 


Total 
freight 
carried. 


9,560 
19,202 


28.762 


Arerage 
number  alt 
tons  per 
passage 
wnen  carry- 
ing freight. 


1^ 
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The  freight  carried  by  Canadian  vessels  was  3  per  cent  of  the  total 
for  the  season. 

(6)  Freight  rata  on  articles  of  commerce  through  St,  Marye  Bivtr  for  eeasom  indicated. 


Year. 


1887... 
1888... 
1880... 
1890... 
1891... 
1892... 
1893... 
1894... 
1895... 
1896... 
1897... 


■ 

^^ 

• 

•s 

^^ 

V 

1 

1 

0 

■*» 

A 

• 

^ 

u 

a 

i 

I 

t 

•ta 

u 

s 

f^ 

a 

k 
N 

Cts. 

€U. 

CU. 

90 

29 

(a) 

70 

17.6 

8.5 

47 

18 

4 

45 

13 

8 

43 

16 

4.1 

41 

16.6 

3.1 

40 

17 

2.8 

40 

14 

2.5 

87 

14 

4.4 

82 

11 

2.5 

80 

10 

L7 

o 

■ 
a 


Cts. 
7 

(c) 
3.25 


B 
6 


3.5 

3.75 

2.75 

2.75 

4.5 

2.25 

2 


Cts. 

(a) 
4.33 

(o) 
3 

(o) 
(a) 
2.5 
2.9 
(a) 
(a) 
(a) 


« 

o 

• 

1 

« 

■ 

1 

• 

1 

<4S 

1 

e 

a 

O 

^^ 

■tg 

o 

s 

s. 

1 

it 
i 

a 

1 

..4 

1 

a 

S 

1 

1 

O 

^ 

;i< 

cc 

O 

H 

^ 

CtM. 

(7e«. 

(a) 

$2.35 

(6) 

18 

$2.00 

$1.75 

$4.00 

5 

1.80 

$1.80 

16 

2.35 

1.28 

2.80 

(a) 

2.10 

1.45 

18 

2.25 

1.14 

2.70 

2 

1.34 

1.35 

15 

2.88 

1.10 

2.38 

(a) 

2.50 

1.17 

18 

2.00 

.98 

2.70 

(a) 

2.15 

1.25 

15 

1.40 

1.00 

2.95 

(a) 

2.00 

1.30 

12 

1.75 

.80 

2.35 

(a) 

.90 

1.15 

12 

1.95 

,70 

1.90 

(a) 

1.50 

1.05 

13 

1.66 

.82 

2.00 

(a) 

1.40 

1.05 

16 

1.95 

.82 

1.80 

(o) 

1.40 

1.05 

15 

1.95 

.65 

1.65 

a 

o 
•^^ 

u 

S 

o 


$3.00 
1.90 
1.90 
2.25 
2.25 
2.25 
2.25 
2.25 
2.33 
2.33 
2.83 


3 


II 


3 


$1.15 
2.05 
2.02 
2.00 
2.00 
1.67 
1.36 
1.28 
1.20 
1.50 
1.50 


S  a 
•£5 

a 


IJOO 
3.00 
3.00 
2.75 
3.58 
8.60 
3.00 
2.75 
2.50 
2.30 
2.30 


aincladed  in  gnAn,        Mncladed  in  manufactared  iron.         e  Inoladed  in  com  and  oats. 

(7)  Coat  of  transportation,  average  length  of  voyages,  and  rate  per  ton  per  mile  for 

seMons  indicated. 


Tear. 


Total  oost  of 
transportation. 


• 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 


$10,075, 

7,883, 

8,634, 

9.472. 

9,849. 

12.072, 

8.967, 

10,798, 

14,238, 

13, 611, 

13, 220, 


153.18 
077.40 
246.63 
214.90 
022.81 
850.88 
483.11 
310.29 
758.02 
616.80 
099.84 


Averago 

distance 

ftt)ight 

wascar> 

ried. 


MUet, 
811.4 
806.4 
790.4 
797.2 
820.4 
822.4 
831.9 
828.1 
830 
836.4 
841.8 


Cost  of 
tranitpor- 
tat  ion  pec 
miletoiL 


MUU. 
2.3 
1.S 
1.5 
1.8 
1. 
1.S 
1.1 


1.1- 


The  total  passages  for  the  season  amounted  to  17,171,  and  1,454  o^C 
these  were  by  90  crafts  under  100  tons  register.  Their  aggregate  regis- 
tered tonnage  was  2,599  tons,  and  their  average  tonnage  29  tons.  Th^ 
freight  carried  by  these  crafts  daring  the  season  only  amounted  to 
2,181  tons. 

From  the  column  of  largest  cargoes  it  is  ascertained  that  there  wer^ 
96  propellers  that  carried  in  their  largest  load  2,000  tons  and  upward  j 
that  these  cargoes  aggregated  244,061  tons  and  averaged  2,542  ton»  ^ 
there  were  83  propellers  that  carried  in  their  largest  load  3,000  tons 
and  upward,  aggregating  274,377  tons  and  averaging  3,306  tons;  23 
propellers  that  carried  in  their  largest  load  4,000  tons  and  upward^ 
aggregating  103,466  tons  and  averaging  4,499  tons;  12  pro[)ellers  thaf 
carried  in  their  largest  load  5,000  tons  and  upward,  aggregating  67,126 
tons  and  averaging  5,594  tons;  and  6  propellers  that  carried  in  their 
largest  load  6,000  tons  and  upward,  aggregating  36,428  tons  and  aver- 
aging 6y071  tons. 
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There  were  37  sail  vessels  that  carried  2,000  tons  and  upward,  aggre- 
gating 90,597  tons  and  averaging  2,449  tons;  28  sail  vessels  that  car- 
•ried  3,000  tons  and  upward,  aggregating  100,616  tons  and  averaging 
3,593  tons;  3  sail  vessels  that  carried  4,000  tons  and  upward,  aggre- 
gating 12,572  tons  and  averaging  4,191  tons;  16  sail  vessels  that  carried 
5,000  tons  and  upwards,  aggregating  87,462  tons  and  averaging  5,466 
tons;  and  2  sail  vessels  that  carried  6,000  tons  and  upward,  aggregat- 
ing 12,348  tons  and  avernging  6,174  tons. 
The  greatest  number  of  miles  run  during  the  season  is  to  the  credit 
of  the  propeller  HarUm^  of  the  Western  Transit  Company,  of  Buffalo, 
^.Y.,  amounting  to  49,853  miles. 
The  greatest  amount  of  freight  carried  by  a  single  vessel  during  the 
season  is  to  the  credit  of  the  propeller  Andrew  Carnegie^  of  the  Wilson 
Transit  Company,  of  Cleveland,  Ohio,  and  amounts  to  130,956  net  tons. 
Tlie  greatest  number  of  mile- tons  for  the  season  is  to  the  credit  of  the 
some  propeller,  and  amounted  to  114,571,524. 
The  largest  single  cargo  carried  by  a  pro])eller  daring  the  season  is 
to  the  credit  of  the  propeller  Empire  City^  of  the  Zenith  Transx)ortation 
Company,  of  Duluth,  Minn.,  and  amounted  to  6,171  net  tons. 

The  largest  single  cargo  carried  by  a  sail  vessel  during  the  season  is 
to  the  credit  of  the  tow  barge  Amazon^  of  the  Corrigan  Steamship 
Company,  of  Cleveland,  Ohio,  and  amonnted  to  6,244  net  tons. 

The  United  States  canal  was  open  to  navigation  during  the  season 
^dayg,  and  the  Canadian  canal  238  days. 

Theamoant  of  freight  carried  to  and  from  Lake  Saperior  during  the 
8«^nof  1897  amounted  to  18,982,755  net  tons,  which  is  an  increase  of 
2(<43,694  net  tons,  or  11  per  cent,  in  comparison  with  the  season  of 
1^.  Vessels  were  delayed  at  the  canal  during  the  season  7,396  hours 
and 20  minutes,  or  an  average  of  34  minutes  and  38  seconds. 

The  railway  swing  bridge  across  the  canal  was  delayed  by  boats 
2  hours  and  13  minutes,  and  the  boats  were  delayed  by  the  bridge 
0%  5  minutes. 

St.  Marys  FaUs  Canal  is  in  the  collection  district  of  Superior,  Mich.  The  nearest 
port  of  entry  is  Marqaette,  but  Sanlt  Ste.  Marie  is  a  snbport.  Two  beacons  stand 
upoD  the  piers  at  the  western  end  of  the  canal,  and  Fort  Brady  is  within  a  mile. 

Money  statement. 

S[P«nded Jane  30, 1897 $660,218.45 

Ootstttding liabilities,  June  30, 1897 4,587.84 

Totalejqpenditnresto  June. W,  1897..... 664,806.29 

^^oded  daring  fiscal  year  ending  -  -  -- 


^ ^ „  June  30, 1898  (including 

f  cents  paid  by  Treasury  Department,  account  Western 

Union  Telegraph  Company ) $56,674.16 

^iiet  oQtstandmg  liabilities  pertaining  to  preceding  year     4, 587. 84 

yotalpertainiog  to  fiscal  year 52,086.32 

^^  OQtsUnding  liabilities  June  30, 1898 6, 804. 40 

58, 890. 72 

^^  expenditure  to  Jane  80, 1898  (including  outotanding  liabilities) . .      723, 697. 01 


Estimate, 


^ant  (estimated)  for  fiscal  year  ending  June  30, 1899 $90, 000 

'^^ee  from  allotmcn t  for  preceding  year  (estimated) 30, 000 

Additional  allotment  required  for  fiscal  year  ending  June  30, 1899 60, 000 


2570   REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMY. 


Expenditure*  for  operating  and  care  of  St.  Marys  Falls  Canal,  Michigan, 


1882 $31,207.48 

1883 35,609.70 

1884 31,212.93 

1885 27,242.45 

1886 25,400.95 

1887 22,138.92 

1888 29,898.72 

1889 30,749.46 

1890 34,323.85 

1891 48,330.89 


1892 $61,389.74 

1893 42,412.12 

1894 5s>,213.09 

1895 50,908.67 

1886 60,763.28 

1«97 78,104.05 

1898 58,890.72 

Total 723,697-01 


Statement  of  receipts  and  expenditures  for  fiscal  year  ending  June  SO,  1898, 

Receipts : 

Balance  at  close  of  fiscal  year  ending  June  30, 1897  (including  oat- 
standing  liabilities) $19,189.50 

July  16,  1897,  allotted ". 70,000.00 

October  2,  1897,  recovered  and  deposited  by  Alfred  P.  Lyon,  United 
States  district  attorney,  on  account  of  damage  to  south  leaf  of 
lower  lock  gate,  Poe  Lock 9.  1^ 

89, 198.  66 
Expenditures : 

Labor,  operating $31, 599. 74 

Labor,  care,  and  miscellaneous 3,607.92 

Repairs 11,817.61 

General  supplies 3,789.65 

Klectriclightiu^ 2,697.82 

Contingencies,  including  office  expenses . . .  r 5, 377. 98  _^ 

58,890.'^^ 

Balance  at  close  of  fiscal  year  ending  J  une  30, 1898 30, 307.  ^^ 


Detailed  statement  of  expenditures  made  in  connection  toith  operating  and  care  of  eand^'^ 
and  other  works  of  navigation,  applied  to  St,  Marys  Falls  Canal,  Michigan,  during  Hb^ 
fiscal  year  1898,  as  required  by  section  7  of  the  river  and  harbor  act  of  August  11, 189^^ 

[Itema  murked  +  are  parts  of  Tonohen.] 


Date. 


Ang 


1807. 


Sept 


Got 


Voacher. 


+ 
+ 


+ 
+ 


24 

25 
26 
30 
81 
66 
21 
41 
42 
64 
72 
74 

+  81 
90 
92 

+106 
10 
33 

+  34 
39 
40 
51 

+  56 
63 
65 


To  whom  paid. 


W.F.Kinpan 

Fergason  Hardware  Co.,  Limited. . 

P.  M.  Charch  &  Co , 

Sundry  persons 

do 

Hickler  Brothers 

Edison  Sanlt  Sleetrio  Co 

Sundry  persons 

do 

Hickler  Brothers 

£<lLBon  Saidt  Electric  Co 

J.  P.Haller 

Western  Union  Telegraph  Co 

L.  Pinsoauault 

E.S.  Wheeler 

WaUace,  Bell  &  Co 

Justin  E.  Smith 

Lieat.  Col.  G-.  J.  Lydecker , 

WaUace,BeU&Co 

Sundry  persons 

do 

Board  of  Pnhlio  Works 

Hickler  Brothers 

Edison  Sanlt  Electric  Co 

Geo.Headly 


For  what  paid. 


Senrloes 

Hardware,  etc 

Packing,  eto 

Payroll. 

.....do 

\f aterial  and  labor. . 
Electric  current,  etc 

Payroll 

.....do 

Material  and  lahor. . 
Electric  current,  eto 

Stationery 

Telegrams 

Services  

Traveling  expenses . 
Subsistence  stores . . 
Kent  of  storeroom . . 

Mileage 

Subsistence  stores... 

Payroll 

.....do 

Water  rent 

Material  and  labor... 

Electric  current 

Services 


Amount-' 


1?:? 

4.  if 

8,844.2f 

514.  *yf 

349.  4f 

804.0^ 
8,241.O0 

499.  «? 

284.  J* 
292.50 

*-^ 
8.47 

54.9 

S3.SS 
21. «» 
90. « 
53.10 
19.43 
444.50 
8,«7l«7 

31Sl4T 
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Hid  itatemeni  of  expenditwret  made  in  oonneoHon  with  operating  and  care  of  oanaU 
and  other  worke  of  navigation,  ef  o.— Continaed. 

[Items  nuirked  +  ue  parte  of  Toaohen.] 


late. 


897. 


Toucher. 


m 


+ 
+ 


+ 
+ 
+ 


+ 


+ 
+ 


+ 
+ 
+ 


+ 
+ 
+ 

+ 
+ 
+ 


+ 
+ 

+ 

+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


73 
85 
2 
14 
23 
24 
40 

41 
M 

67 
64 
«7 
74 
26 
27 
41 
44 
63 
64 
71 
74 
75 
88 
92 
96 
90 

1 
11 
14 
16 
17 
28 
35 
36 
41 
45 
47 
49 
58 
67 
17 
20 
30 
31 
82 
37 
40 
48 
13 
17 
34 
36 
27 
30 
38 
89 
40 
49 

9 
14 
16 
37 
31 
35 
37 
39 
40 
42 
44 
45 
48 
61 
62 
66 
80 
64 


To  whom  paid. 


Frank  Feny 

Soo  Hardware  Co 

Michigan  Telephone  Co 

Sondry  persona 

Wanier  Palace  Car  Co 

Sundry  persona 

do 

The  Brie  and  Western  Transporta- 
tion Co. 

BiTenide  Cartege  Co 

Edison  Sanlt  Bleotrio  Co 

VacuomOilCo 

Hickler  Brothers , 

Tymon  Lumber  Co ^ 

Western  Union  Telegraph  Co 

Sundry  persons 

do , 

WoodftThoenen 

Western  Unioa  Telegraph  Co 

Edison  Sanlt  Klectrlc  Co 

B.J.KoU 

Ferguson  Hardware  Co.,  Limited . .  .^ 

SooMardware  Co 

Hickler  Brothers 

First  Lieut  J.  F.  Molndoe 

C.B.Bobinson 

H.  D.  Edwards  &  Co 

Paul  H.  McEleTey 


Sandry_persons , 

Justin  X[  Smith , 

OeorgeKemp 

Sundry  persons 

do 

BenTmdo 

Board  of  Public  Works 

Ferguson  Hardware  Co.,  Limited. . . 

Soo  Hardware  Co 

Edison  Sault  Electric  Co 

Trmon  Lumber  Co , 

w  estom  Union  Telegraph  Co 

Hickler  Brothers 

Wagner  Palace  Car  Co 

Snndrypersons 

Lieut.  CoL  G-.  J.  Lydecker 

WoodftThoenen 

Soo  Hardware  Co 

Edison  Sault  Electric  Co 

First  Lieut.  J.  F.McIndoe 

Hickler  Brothers , 

Ferguson  Hardware  Co.,  Limited . . . 

Wagner  Palace  Car  Co 

Snndrypersons , 

Michigan  Telephone  Co 

WoodftThoenen 

P.CKeliher 

Hickler  Brothers 

Ferguson  Hardware  Co.,  Limited. . . 

Edison  Sault  Electric  Co 

Paul  H.  McElevey 

Wagner  Palace  Car  Co 

JusunE.  Smith 

First  Lient  J.  F.  Mclndoe 

Snndrypersons , 

Joseph  Kipley , 

Board  of  Pablio  Works 

Tymon  Lumber  Co 

Louis  Belanser 

James  Strachan 

Hicklar  Brothers 

Edison  Sault  Electric  Co 

Boo  Hardware  Co 

Pullman  Palace  Car  Co 

Michigan  Telephone  Co 

Lient.  CoL  O.  / .  Lydecker 

The  Reinhold  Machine  Co 

W.F.Kingan 

Wood  4t  Thoenen 

Bohl,  Sons  it  Co 


For  what  paid. 


Amount. 


Coal 

HardwMe,eto 

Rent  of  telephone. . . 

Payroll 

Sleeping-car  service 

Payroll. 

.....do 

Freight 


Boxing,  orating,  eto . . 

Electnc  current 

Oil 

Material  and  labor. . . 

Lumber 

Telegram 

Payroll 

....do 

Floor  brush,  eto 

Telegrams 

Electric  current 

Key  chain,  rings,  eto. 
Diving  dresHos,  eto  . . 

Hardware,  eto 

Material  and  labor. . . 

Mileage 

Material  and  labor. . . 


Brooms,  packing,  rope,  eto 
Coal  and  wheelbarrow. . . . 


Payroll 

Rent  of  storeroom 

Coal 

Payroll 

.....do 

Services 

Water  rent 

Pearline,  rubber  cloth,  eto. 

Paint 

Electric  current,  eto 

Lumber,  flooring,  eto 

Telegrams 

Materlid  and  labor 

Sleeping-car  service 

Payroll. 

Mileage 

Oil,  lantern  globes,  eto 

Hardware,  etc 

Electrio  current,  eto    

Mileage 

Material  and  labor 

Hardware,  wood,  eto 

Sleeping-car  service 

Payroll. 

Rent  of  telephones 

Steel  sink 

Pearline  and  matohes 

Material  and  labor 

Hardware,  eto 

Electric  current,  eto 

Coal 

Sleeping-car  service 

Rent  of  storeroom 

Mileage 

Payroll 

Services  

Water  rent 

Lumber 

Services  

Material  and  labor 

....do 

Electric  current,  eto 

Hardware,  eto 

Sleeping-car  service 

Telephone  rent 

Mileage 

Steel  rollers,  eto 

Material  and  labor 

Hardware,  eto 

Butts,  latohes,  eto 


$53.60 

5.25 

9.0U 

8.00 

2.00 

616. 57 

8,974.56 

24.00 

35.00 

812.00 

566.50 

871.06 

155.05 

.27 

4,056.49 

424.05 

30.85 

.90 

867.27 

13.47 

133.19 

24.56 

37.17 

30.96 

77.08 

812.39 

366.00 

906.00 

30.00 

263.00 

8, 621. 83 

197.47 

18.33 

13.08 

7.13 

.48 

130.04 

61.79 

.68 

60.26 

2.00 

1,782.16 

30.96 

.39 

4.79 

115.60 

80.06 

81.93 

39.45 

4.00 

1,677.50 

81.00 

3.00 

8.63 

103. 72 

11.65 

80.14 

115. 65 

6.00 

80.00 

80.96 

2,318.36 

125.00 

18.50 

10.20 

10.45 

67.20 

768.76 

95.56 

676.81 

8.50 

9.00 

30.06 

42.50 

138.54 

428.00 

20.18 
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Detailed  statement  of  expenditures  made  in  connection  with  operating  and  care  of  canalt 

and  other  works  of  navigation,  etc, — Continaed. 

[Items  markeil  +  are  porta  of  Toaohers.] 


Date. 


May 


1898. 


Jane. 


July. 


Vouchor. 

1 

2 

+ 

7 

18 

41 

42 

+ 

43 

+  *4| 

+ 

45 

+ 

46 

+ 

47 

51 

+ 

53 

54 

65 

67 

+ 

22 

34 

+ 

68 

+ 

69 

70 

71 

72 

73 

74 

+ 

81 

+108 

+ 

111 

118 

122 

+ 

2 

+ 

3 

4 

6 

+ 

13 

25 

27 

35 

66 

67 

68 

74 

+ 

75 

+ 

70 

+ 

96 

To  whom  paid. 


Waener  Palace  Car  Co 

Andrew  Jackson 

Joseph  Ripley 

Sandry  persons 

J.B.&K.C.Sweatt 

Panl  H.  McElevey 

Soo  Hardware  Co 

James  Strachan 

Edison  Sault  Electric  Co 

Ferguson  Hardware  Co.,  Limited . . 

HicklerBros 

Baltimore  and  Ohio  R.  R.  Co 

The  Richmond  &  Backus  Co 

Westinehouse,  Church,  Kerr  &  Co. 

George  Kemp 

Lieut.  Col.  6.  J.  Lydecker 

Joseph  Ripley 

Sundry  persons 

Soo  Hardware  Co 

Ferguson  Hardware  Co.,  Liuiited. . 

Edison  Sault  Electric  Co 

John  McKaughton 

Wood  &  Thoenen 

F.  W.  Roach  dt  Co 

Paul  H.  McElevev 

Wagner  Palace  Car  Co 

HicklerBros 

Lieut  Col.  G.  J.  Lydecker 

E.R.Spence 

The  Erie  and  Western  Transporta- 
tion Co. 

John  O.  Campbell 

Wagner  Palace  Car  Co 

Justin  £.  Smith 

Chas.  L.  Roehm  &  Sons 

Joseph  Ripley 

Hanrey  C.  Beieson 

Sundry  persons 

Michigan  Telephone  Co 

Board  of  Public  Works 

F.L.Rhoades 

Wood  &  Thoenen 

Edison  Sault  Electric  Co 

HicklerBros 

H.D.  Edwards  &  Co 

Pullman  Palace  Car  Co 


For  what  paid. 


Sleeping-car  serTlce 

Services 

do 

Pay  roll 

Lumber 

Coal 

Oil,  brooms,  etc 

Bolts,  and  labor  on  same. . 

Electric  current,  etc 

White  lead,  liardware,  etc. 

Material  and  labor 

Transportation 

Stationery 

Steam-chest  gaskets 

Coal 

Mileage 

Services  

Payioll 

Hutlware,eto 

do 

Electric  current,  etc 

Taking  depositions 

Towels,  pearline,  etc 

Rain  coats  and  hats 

Coal 

Sleeping-car  serrlce 

Mnterifu  and  labor 

Mileage 

Wrenches 

Freight  charges 


Cartage 

Sleepfn^-car  service 

lient  ot  storeroom 

Record  book 

Services  

Marine  Directory,  1898  — 

Payroll 

Telephone  and  oi&ce  rent. 

Water  rent 

Services  

Emery  paper,  etc 

Electric  current,  etc 

Material  and  labor 

Ship  chandlery,  etc 

Sleeping-car  service 


AmooBt 


Paid  by  Treasury  Department,  account  Western  Union  Tele- 
graph Co •• 


Total  expended 


12.00 

150.00 

125.00 

4,130.83 

33.53 

52.00 

LOO 

28.55 

ISO.  83 

827.45 

266.12 

14.25 

48.60 

6l60 

27.50 

30.96 

125.00 

5,477.65 

26.21 

24.13 

300.48 

7.60 

8.89 

14.70 

102.80 

8i00 

432.14 

26.20 

8.80 

.80 

.25 
i.00 

saoo 

10.00 

125.00 

5.00 

8.904.71 

151.33 

18.50 

7.50 

1.9 

844.04 

148.84 

6L8I 

3.50 


58i88aa 
.» 


68,890.72 


L  L  4, 

IMPROVEMENT  OP  HAY  LAKE  CHANNEL,  ST.  MARYS  RIVER,  MICHIGAN. 

This  improvement  has  been  in  progress  since  1883,  the  object  being 
to  make  a  deep-water  channel  for  commerce  through  the  St.  Marys 
Eiver  by  a  route  that  can  be  navigated  at  night,  and  that  is  II  miles 
shorter  than  the  one  formerly  followed.  The  original  estimate  was  for 
a  chanuel  17  feet  deep  and  300  feet  wide,  but  the  project  has,  by  sub- 
sequent modifications,  grown  to  call  for  a  navigable  depth  of  20  feet 
and  such  width  of  channel  as  is  essential  for  safe  navigation.  The 
route  was  opened  to  navigation  June  7, 18114.  Work  has  continued 
since  then  to  date,  with  the  object  of  widening  the  channels  to  makt^ 
navigation  safer,  and  deepening  a  section  of  the  Middle  Keobish  Oat 
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where  bottom  grade  was  originally  made  aboat  2  feet  higher  than  the 
l^rade  subsequently  adopted  for  other  parts  of  the  improvement.  Prog- 
ress on  the  work  to  June  30, 1896,  is  summarized  in  the  Beport  of  the 
Chief  of  Engineers  for  1896,  pages  2877-2878,  and  from  that  time  to 
Jane  30, 1897,  in  the  Beport  for  that  year,  pages  3()06-3008. 

Operations  during  the  last  fiscal  year  consisted  in  dredging  for  the 
purpose  of  widening  or  deepening  the  channels  at  different  points,  as 
follows:  (1)  At  turn  from  Little  Mud  Lake  into  the  Middle  Neebish, 
and  thence  to  foot  of  the  Middle  Neebish  Dike.  This  work  was  com- 
menced July  23, 1896,  and  completed  August  23, 1897,  the  total  exca- 
vation being  116,894  cubic  yards,  bank  measurement,  and  resulted  in 
increasing  the  general  width  of  the  channel  from  300  feet  to  800  feet  or 
more,  and  making  the  sharp  turn  at  the  junction  with  the  Little  Mud 
Lake  channel  a  much  safer  one.  (2)  In  Middle  Neebish,  opposite  dike. 
Deepening  about  3,000  feet  in  length.  Work  commenced  September 
15, 1897,  and  is  still  in  progress,  the  amount  excavated  to  June  30, 1897, 
being  30,627  cubic  yards,  scow  measurement,  all  rock.  This  was  the 
first  section  of  the  Hay  Lake  channel  on  which  any  work  was  done, 
but  after  its  completion  it  was  found  that  a  lower  bottom  grade  should 
be  adopted  for  future  operations,  and  the  object  of  the  work  now  in 
progress  is  to  deepen  this  initial  section  to  that  grade.  (3)  At  angle, 
foot  of  Hay  Lake,  the  channel  was  redrcdged  in  order  to  remove 
obstructions  that  had  found  their  way  into  it  since  its  original  comple- 
tion in  1894;  work  was  commenced  June  28  and  completed  November 
2, 1897,  the  total  amount  of  material  removed  being  59,878  cubic  yards, 
seow  measurement.  (4)  OfiT  Six-Mile  Point,  Hay  Lake,  the  channel 
was  widened  to  an  extent  gradually  increasing  from  80  to  500  feet 
through  a  distance  of  10,000  feet;  work  was  commenced  April  26, 1896, 
and  completed  July  24, 1897,  the  total  excavation  being  560,140  cubic 
yards.  (5)  At  upper  entrance  to  Hay  Lake  Channel  a  small  18-foot 
shoal  was  removed  and  the  channel  was  widened  80  feet  for  a  distance 
of  600  feet;  the  work  was  done  between  October  II  and  27, 1897,  the 
total  excavation  being  1,986  cubic  yards,  scow  measurement.  (6)  St. 
Marys  Biver,  approach  to  upper  entrance  to  Hay  Lake  Channel,  remov- 
ing bowlders  by  diver;  work  was  commenced  August  10  and  finished 
November  4, 1897,  during  which  time  1,493  cubic  yards,  aggregating 
2,000  tons  in  weight,  were  removed,  thereby  clearing  an  area  of  125,000 
square  yards  of  all  obstructions  found  by  the  sweeping  raft  with  a 
depth  of  less  than  21  feet  over  them. 

Extensive  surveys  were  also  made  during  the  year,  as  required  for 
the  preparation  of  estimates,  for  showing  the  condition  of  the  improved 
cbanneLs  or  for  projecting  other  Work;  and  extended  examinations 
were  made  with  the  sweeping  rafb  with  the  bars  so  adjusted  as  to  de- 
tect the  existence  of  any  obstructions  to  navigation  in  the  areas 
examined. 

Details  of  the  operations  above  referred  to  are  more  fully  given  in 
the  following  repoii^by  Mr.  Benno  Eohnert,  assistant  engineer,  in  imme- 
diate charge: 

Item  C. — Shoal  off  Six-Mile  Point  and  widening  channel  0  to  800  feet  for  a  distance 
of  10,000  feet.  Contract  dated  September  19, 1895 ;  W.  A.  McGiUis  &  Co.,  of  Chicago, 
lU.,  eontractora.  Rates,  10^  cents  per  cubic  yard,  bank  measure^  to  20  and  21  foot 
grades,  and  half  rates  for  first  foot  below  specified  grades.  Material,  sand  and  clay. 
CoQtractors  began  work  on  section  April  26, 1896. 

The  dredge  £levat&r  worked  38  hours,  lost  by  breakages  and  delays  214  hoars,  and 
excavated  1,465  cubic  yards,  scow  measure.  The  raft  bars  were  swung  over  this. 
leetioa  in  July,  showing  that  the  few  spots  remaining  above  grade  were  removed. 
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This  Bection  was  finished  July  24, 1897.  The  compatations  for  the  final  estimate, 
which  were  made  in  duplicate,  were  finished  and  submitted  September  1.  The  com- 
puted bank  measure  of  material  excavated  from  above  the  required  grades  is 
360^500.1  cubic  yards;  for  the  first  foot  below  the  required  grades,  100,138.5;  below 
the  21  and  22  foot  ^ades  and  outside  of  the  side  slopes,  99,502.3,  making  a  total  of 
560,140.9  cubic  yards.  Total  cost  lor  excavation,  $42,083.36.  This  improvement  was 
opened  to  navigation  July  27,  on  which  date  the  black  spar  buoys  were  placed  in 
their  new  positions. 

Item  G, — Widening  at  angle,  head  of  liittle  Mud  Lake,  and  widening  channel  from 
angle  to  lower  end  of  Middle  Neebish  Dike,  300  feet  wide  by  9,600  feet  long.  Con- 
tract dated  June  30,  1896;  Hingston  A  Woods,  Buffalo,  N.  Y.,  contractors.  Rates, 
34|  cents  per  cubic  yard,  bank  measure,  to  21-foot  grade ;  half  rates  between  21  and 
22  feet.  Material,  olay,  sand,  and  bowlders.  Contractors  began  work  on  section 
July  23,  1896. 

Dredging  was  continued  during  July  and  August  with  one  machine,  which  worked 
40H  hours,  was  delayed  150^  hours,  and  excavated  46,224  cubic  yards,  soow  measure. 
This  section  was  finished  on  August  23,  and  in  such  a  thorough  manner  that  only 
one  examination  with  raft  and  suspended  bars  was  necessary.  The  duplicate  com- 
putations for  the  final  estimate  showed  the  bank  measure  of  material  removed  from 
above  the  21-foot  grade  to  be  47,984.8  cubic  yards;  between  21-foot  and  22-foot 
grades,  23,170.7;  and  below  the  22-foot  grade  and  outside  of  side  slopes,  45,7^.0, 
making  a  total  of  116,894.5  cubic  yards.  Additional  width  of  channel  was  properly 
marked  and  used  by  vessels  August  25. 

Hire  of  dredge. — ^Agreement  dated  May  7, 1897.  H.  W.  Hubbell  &  Go.'a  dredge  No. 
8,  at  the  rate  of  $12.25  per  working  hour. 

The  deepening  of  the  channel  at  the  angle  foot  of  Hay  Lake,  which  waa  begun 
dnriuff  the  year  ending  June  30, 1897,  was  finished  November  <2.  The  number  of  hoan 
of  dredging  was  796^  §  and  delays  120|}.  The  scow  measure  of  sand,  clay,  gravel,  and 
bowlders  was  58,366  cubic  yards.  The  total  amount  of  material  removed  from  the 
angle  was  59,878  cubic  yards,  at  a  total  cost  of  $10,072.15,  or  approximately  16.8 
cents  per  yard. 

The  time  from  the  11th  to  27th  of  October  was  speqt  in  taking  four  cuts  of  20  feet 
width  and  600  feet  length  on  the  east  side  of  Hay  Lake  Channel  and  abreast  of  the 
light-house  at  its  upper  entrance,  and  in  removing  a  shoal  about  100  feet  square  and 
close  to  the  intersection  of  the  Bayfield  Range  and  center  line  of  Section  YI,  Hay 
Lake  Channel.  At  the  first-mentioned  point  there  waa  a  ridge  of  bowlders,  clay, 
and  sand ;  at  the  second,  the  same,  with  bowlders  embedded  in  hard  pan.  The  depth 
of  water  was  18  feet.  On  account  of  the  currents  taking  two  directions  at  tiiis  Angl^ 
vessels  when  bound  down  would  sag  over  these  shoal  spots  in  making  the  turn.  The 
dredge  worked  156^$  hours,  was  delayed  21Jg  hours,  and  removed  1,986  cubic  yardi, 
scow  measure,  of  material,  at  a  total  cost  of  $1,923.05,  or  96.8  cents  per  cubic  yard. 

Hire  of  steam  derrick  ecow  and  diver's  outfit, — Agreement  dated  July  30, 1897;  Hick- 
ler  Brothers'  plant.    Rate,  $4  per  workins;  hour. 

Operations  were  be^un  August  10  and  finished  November  4.  Between  these  dataa 
the  plant  was  removing  bowlders  from  angle  at  the  upper  entrance  to  Hay  Lake 
Channel,  so  as  to  increase  the  depth  of  water  to  21  feet  below  the  established  plane 
of  mean  water  surface.  This  was  accomplished  bv  636|8  hours  of  work  and  the  lue 
of  115  pounds  of  60  per  cent  dynamite.  The  aelays  due  to  breakages,  stormy 
weather,  etc.,  amounted  to  89^0  nours.  There  were  removed  1,493  cnbic  yards  of 
bowlders,  some  of  which  were  used  in  reinforcing  the  dikes  cutting  off  the  side 
streams  leading  frrom  the  main  channel.  The  cost  of  the  work  is  $2,545.33  for  actasl 
hours  worked  and  $18.40  for  dynamite,  making  a  total  of  $2,563.73.  The  cost  per 
cubic  yard,  scow  measure,  was  $1,717,  and  per  ton  $1.28^.  One  hundred  and  twentj- 
five  thousand  square  yards  were  swept  over. 

Item  D. — Deepening  Middle  Neebish  Channel  3  feet  between  cross  seetions  600  and 
760,  300  feet  by  2,600  feet.  Contract  dated  September  13,  1897;  Hickler  Brothers,  of 
Sault  Ste.  Marie,  Mich.,  contractors.  Rates,  $2.14  per  cubic  yard,  bank  measure,  to 
21-foot  grade,  and  half-rates  between  21  and  23-foot  grades.  Material,  atone,  bowl- 
ders, and  sandstone  rock  in  situ. 

Work  was  begun  with  dredge  No.  8  on  September  15,  and  No.  5  on  October  7, 
stopped  for  the  winter  season  November  3,  and  resumed  wiih  dredge  No.  8  May  18. 
lime  worked,  1,079^  hours;  delayed,  155^  hours.  Scow  measure  of  excavation, 
30,620  cubic  yards.  The  drill,  which  began  operations  on  May  9,  worked  1,03$^ 
hours,  was  delayed  103f  hours,  and  used  35,964  pounds  of  50  per  cent  dynamite  in 
blasting.  The  number  of  holes  drilled  was  (^,826  and  the  total  depth  35.037  feet, 
averaging  5iV  feet  to  the  hole.  The  holes  were  drilled  5  feet  apart  on  the  cross- 
sections  and  5  to  7  feet  apart  on  the  longitudinal  sections,  depending  on  the  d^th 
of  bank  to  be  removed. 

Surveys,  eto.— During  July  3,000  soundings  were  taken  for  the  final  estimate  of 
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ItemC;  in  Aagost,  4,500  for  that  of  Item  G,  and  4,000  of  original  bottom  for  widen- 
ing Hiddle  Neebi»li  Channel;  in  November,  1,400  for  season's  estimate  of  Item  D, 
Middle  Keebish  Channel :  and  during  March,  14,830,  covering  recent  operations  at 
Waldo  Shoal,  Nine-Mile  Point  Shoal,  angle  foot  of  Hay  Lake,  and  Division  B,  Sec- 
tion IV,  Hay  Lake  Channel,  and  making  a  total  of  27,730  soundings.  For  this  pur- 
pose, and  for  the  gpiidance  of  the  contractors,  216  section  stakes  and  6  gauge  stakes 
were  driven,  and  50  marker  buoys  and  6  gauge  boards  placed.  All  souudings  were 
redaced  and  mapped  on  tracing  linen  or  platted  on  cross-section  sheets  as  occasion 
demanded.     Azimuths  from  2  triangnlation  stations  to  22  stakes  were  computed. 

Sweeping  with  raft. — Waldo  Shoal,  which  had  been  removed,  was  swapt  with  raft 
in  July  and  shown  to  have  a  depth  of  23^  feet,  referred  to  the  establinhed  plane  of 
mean  water  snrface.  The  investigation  of  the  bottom  of  Hay  Lake  as  to  shoal  spots 
was  begnu. 

General. — On  acconnt  of  running  ice  in  the  fall  of  the  year  quite  a  number  of  sec- 
tion stakes  hecame  submerged  and  were  dangerous  to  small  craft;  110  were  removed. 
Kew  ^pods  were  placed  over  four  triangnlation  stations. 

Tbe  total  amount  expended  to  June  30,  1898,  was  $2,037,440.26,  of 
which  $96,421.89  were  spent  during  the  past  fiscal  year. 

When  the  work  now  in  progress  of  deepening  the  Middle  Neebish 
section  to  tbe  grade  of  the  other  parts  of  the  Hay  Lake  Channel  is  com- 
pleted, tbe  available  depth  through  this  improvement  will  be  20  feet  at 
mean  stage  of  water,  but  <about  10  miles  of  the  navigable  route  will 
Btill  be  only  300  feet  wide,  and  this  is  not  a  safe  width  for  the  character 
and  amount  of  traffic  passing  through  these  channels.  Throngh  com- 
merce is  increasing  so  rapidly  that  measures  should  be  taken  withoat 
delay  for  completing  the  improvement,  so  that  vessels  bound  in  oppo- 
site directions  will  not  be  required  to  meet  in  channels  less  than  600 
feet  wide.  This  may  be  accomplished  by  increasing  the  width  of  exist- 
ing channels,  but  a  far  better  plan,  in  my  judgment,  would  be  to  open 
another  route  from  Hay  Lake  to  Mud  Lake  via  the  West  Neebish, 
thereby  providing  separate  channels  for  up  bound  and  down  bound 
craft. 

The  unappropriated  balance  of  the  original  estimate  for  tl)is  improve- 
ment will  not  suffice  for  completing  the  work  by  either  course  outlined 
above,  but  will  ]  robably  be  enough  to  complete  that  now  in  progress 
on  the  Middle  Neebish  and  do  a  small  amount  of  widening  at  a  few 
other  critical  points.  In  the  absence  of  any  call  by  Congress  for  more 
extended  work  the  estimate  herewith  submitted  is  limited  to  the  amount 
of  tliat  balance,  viz,  (494,115. 

Money  statement 

July  1, 1S97,  balance  unexpended $224,124.10 

Jane  90,  1898,  amount  expended  during  fiscal  year 96, 421. 89 

Jnlj  1,1888,  balance  unexpended 127,702.21 

July  1, 1898,  outstanding  liabilities $13,815.51 

Jidy  1, 1898,  amount  covered  by  uncompleted  contracts 113, 005. 82 

126, 821. 33 

July  1, 1898,  balance  available 880.88 

iAiDoont  (eetimated)  required  for  compilation  of  existinj^  project 491, 115. 00 
Amonntthatcan  beprofitably  expended  in  fiscal  year  ouding  June  30, 1900  494, 115. 00 
Submitted  in  compliance  "with  requirements  of  sections  2  of  river  and 
luurbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  i,  1897. 
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Approyriationa  for  improving  Hay  Lake  Channel,  St.  Marya  River,  Michigan, 

August  2,  1882 $200,000.00 

July  5,  1884 125,000.00 

Augusts,  1886 150,000.00 

August  11, 1888 500,000.00 

September  19,  1890 400,000.00 

March  3, 1891  (sundry  civil  act) 300,000.00 

August  5, 1892  (sundry  civil  act) 115,000.00 

March  3,  1893  (sundry  civil  act) 225,000.00 

August  18,  1894  (sundry  civil  act) 150,000.00 

Total 2,165,000.00 

Receipts  from  sales  of  fuel  to  officers,  between  March,  1883,  and  March, 
1887 124.90 

Repayment  of  disallowance,  voucher  9,  November,  1885  (see  p.  2245, 
Report  of  Chief  of  Engineers,  1887) 6.75 

Repayment  of  disallowance,  part  of  voucher  8,  August,  1894  (see  p.  3052, 
Report  Chief  of  Engineers,  1895) 10.82 

Total 142.47 


Abstract  of  proposals  for  dredging  and  submarine  rock  excavation  in  the  St,  Marys  Biver, 
Michigan  (Item  D),  received  in  response  to  advertisement,  dated  Augusts,  1897,  and 
opened  August  SI,  1897. 


Name  and  addross  of  bidder. 


Hickler  Bros.,  Sault  Sto.  Mario,  Mich,  a 

G.  H.  Breymann  Sl  Bros.,  Toledo,  Ohio 

TheL.  P.  &  J.  A.  Smith  Co.,  CleTeland,  Ohio 

Hingston  &  Woods,  Baffalo,  N.Y 

M.  Sullivan,  Detroit,  Mich 

Carkin,  Stiokney  &  Crun,  Detroit,  Mioh 


P«r  cnbio 

yard,  bank 

meaaore* 

ment. 


$2.14 
2.23 
2.50 
2.60 
2.74 
5.25 


a  Contract  entered  into  September  13, 1897. 


Abstract  of  contracts  in  force. 


Kame  of  contractor. 


W.  A.  McGllHs  &,  Co.  a 
Hineston  ic  Woods b... 
HioUerBroB 


Date  of 
approval. 


Oct  24,1805 
July  18,1896 
Sept.  30, 1897 


Date  of 
beginning. 


Apr.  27, 1896 
July  23. 1896 
Sept  15, 1897 


Date  of 
expiration. 


July  1,1887 
July  1, 1897 
June  80,1899 


a  Completed  July  24, 1897. 


h  Completed  August  18, 1897. 


L  Ls. 

IMPROVEMENT  OF  CHEBOYGAN  HARBOR.  MICHIGAN. 

The  preseut  project  of  improvement,  as  modified  by  the  river  and 
harbor  act  of  Jane  3, 1896,  calls  for  a  channel  200  feet  wide  and  18  feet 
deep  from  deep  water  in  the  Straits  of  Mackinaw  to  the  State  road 
bridge  over  the  Cheboygan  Eiver.  The  improvement  was  (commenced 
in  1871,  and  work  done  since  then  has  served  to  meet  the  requirements 
of  commerce  ap  to  the  present  time.    The  channel  was  redredged^  in 


\ 
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part,  in  1895.  The  Report  of  the  Chief  of  Engineers  for  1896  (pp. 
2723-2724)  sammarizes  the  history  of  operations  to  June  30, 1896,  and 
no  work  has  been  done  since  that  time. 

The  expenditure  for  the  last  fiscal  year,  amounting  to  $255,  was 
applied  to  engineering  and  office  contingencies.  These  included  an 
examination  of  the  harbor  June  23, 1898,  which  showed  that  considerable 
shoaling  had  taken  place  during  the  year,  especially  in  the  upper  portion, 
where  quite  a  number  of  soundings  of  12  feet  were  found  in  midchannel, 
and  in  several  instances  11^  feet  only. 

Under  provisions  of  the  river  and  harbor  act  of  August  17, 1894,  an 
estimate  for  increasing  the  navigable  depth  to  18  feet  was  submitted, 
and  the  act  of  June  3, 1806,  appropriated  $12,000  for  this  purpose.  The 
total  estimated  cost  of  the  project  was  $33,000,  and  it  will  not  be  expedi- 
ent to  enter  upon  it  until  the  means  available  will  suffice  for  dredging 
the  entire  length  of  channel  to  the  prescribed  depth  for  a  width  of  at 
least  125  feet.  An  additional  appropriation  of  $15,000  is  now  needed 
to  accomplish  this  object. 

Cheboygan  is  in  the  Michigan  collection  district,  and  the  nearest  port  of  entry  is 
Grand  Haven,  Mich.    The  nearest  Ugh t-honse  is  on  the  crib  at  od  trance  to  the  harbor. 

Original  estimated  cost  of  dredging  and  pier  oonstmction,  1871 $395, 000. 00 

Wholeamonnt  expended  to  Jnne 30,  1898 148,254.49 

Money  statement, 

Jaly  1,  1897,  balance  unexpended $12,000.51 

June  30, 18^,  amount  expended  during  fiscal  year 255.00 

Joly  1,1898,  balance  unexpended 11,745.51 

(Amount  (estimated)  required  for  completion  of  existing  project 21, 000. 00 
Amount  that  can  be  pron  tably  expended  in  tiscal  year  ending  J  uue  30, 1900    15, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
.  harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AfpropriationM  for  improving  harbor  at  Cheboygan,  Mich. 


lSMch3,1871 $10,000 

JwielO,1872 15,000 

WMdi3,lg73 15,000 

Jwe23,1874 15,000 

3iarcb3,1875 15,000 

AttpatU.1876 10,000 

/ow  18, 1878 8,000 

Mttch3,1879 3,000 

J«ineU,l8jJ0 6,000 


March  3,1881 $6,000 

August2,  1882 10,000 

July  5, 1884 5,000 

August  5,1886 15,000 

August  11,1888 15,000 

Juno  3, 1896 12,000* 

Total 160,000 


COMMBMCUL  statistics,    CHEBOYGAN    HARBOR,    BnCHIGAN,  FOR    CALENDAR    TEAR 

ENDING  DECEMBER  31,   1897. 

Entrances  and  clearances. 


Tonnage. 


367, 550 
845. 174 


Calendar  year. 


1803 
1804 
1895 
1898 
1897 


<3^  98 162 


a  Not  stated. 


Number. 


1,240 
1,350 
1,211 
1,233 
1,216 


Tonnage. 


308,129 
379,345 
378, 291 
379, 060 
386.559 
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BeoHpts  and  ahipmenU  hy  vessel. 

r.  C.  S.  Mar 
gan,  Mioh 


[Compiled  Aram  statement  AtmUhed  by  Mr.  C.  S.  Maranette,  deputy  collector  of  onstoms,  Cheboy- 

""3h.j 


Articles  received. 


Coal 

Floor 

Fruit,  miaoellaneotts 

Grain 

Iron  and  ore 

Lime  and  cement . . . 

Logs 

Lumber 

MacbinCTT 

TJndassined  freight. 

Total 


4. 

1, 

2, 

6. 

8. 

1. 
M, 

1. 

8, 
81, 


700 
890 
100 
880 
760 
260 
884 
788 
750 
808 


Articles  shipped. 


U7,265 


,  Fannprodnots 

'  Flonr 

Grain 

Logs 

Lumber 

Slabe,  telegraph  poles,  eto 

Tan  bark 

Unclassified  fireight 


Total 


Tons. 


1,101^ 
50» 


15,O0<» 

141, 18S 

26,129 

2.78^ 

5,«L 


183,  orr 


LL6. 
IMPROVEMENT  OF  ALPENA  HARBOR  (THUNDER  BAY  RIVER),  MICHIGAN- 

Thia  harbor  is  the  result  of  improvements  made  in  the  lower  reach 
of  Thunder  Bay  Elver  and  the  approach  to  it  through  shoal  water  in 
Thunder  Bay.  The  first  improvement  was  made  by  local  enterprise, 
work  by  the  Oovernment  having  been  commenced  in  1876.  The  Beport 
of  the  Chief  of  Engineers  for  1896  (pp.  2725-2726)  summarizes  the 
history  of  operations  to  June  30, 1896,  and  no  work  has  been  done  at 
the  harbor  since  that  time. 

The.  expenditure  for  the  last  fiscal  year,  amounting  to  $255,  was 
applied  to  engineering  and  office  contingencies.  These  included  an 
examination  of  the  harbor  in  the  summer  of  1897,  when  the  available 
channel  depth  was  found  to  be  12^  feet,  a  reduction  of  3^  feet  since  the 
harbor  was  last  dredged  in  1893. 

Funds  on  hand  will  suffice  to  redredge  the  channel  to  the  depth  of  16 
feet,  called  for  by  the  present  approved  project,  and  therefore  no  addi- 
tional estimate  is  now  submitted. 

Alpena  is  in  the  collection  district  of  Hnron,  Mich.,  and  the  nearest  port  of  entry 
is  Port  Hnron,  Mich.    The  nearest  light-bonse  is  at  the  entrance  to  the  harbor. 

Original  estimate  of  cost,  1876, 1881,  and  1889  (aggregate) $55,851.48 

Whole  amount  expended  to  Jane  30,  1898 41,952.28 

Money  statement 

Jnly  1, 1897,  balance  unexpended $9,802.73 

June  30,  1898,  amount  expended  during  fiscal  year 255.00 

July  1, 1898,  balance  unexpended 9,547.73 


Apprapriationa  for  improving  harbor  at  Alpena  (Thunder  Bay  Biver),  JficA. 

Thunder  Bay  Harbor,  Michigan : 

August  U,  1876 $4,500 

Augu8t2,1882 15,000 

September  19, 1890 5»500 

Thunder  Bay  River,  Michigan: 

September  19,  1890 10,000 

July  13,  1892 10,000 

Alpena  Harlior,  Michigan : 

August  18, 1894 4,000 

June  3, 1896 2,600 

Total 61,600 
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omaaBCUL  statistics  of  alpena  harbor  (thunder  bat  rivrr),  miohigaKi 

FOB  THS   GAXXNDAR  TEAR  ENDING  DECEMBER  31,  1897. 

Enira9oe$  and  clearances. 


Calendar  year. 

Nnmber. 

Tonnage. 

im 

040 
1,038 
1,240 
1,040 
1,246 

247,278 
808,681 

im 

UK 

826^880 

UN 

272,921 

vm 

853,082 

r 

BeoeipU  and  ahipmenU  by  vcaael, 

Mr.  Oe( 

Alpena, 


firam  statement  ftimlBhed  by  Hr.  Oeorin  D.  Bradford,  deputy  oollector  of  cnstoms, 


Articles  recefred. 


Qal 

}^ 

Stone 

OL :. 

ITtthMifled  freight 
IMal 


Tone. 


10,311 

46,876 

6,069 

6,250 

901 

10,882 


78,878 


Articles  shipped. 


Cedar  posts,  telegraph  poles,  etc 

Railroad  ties 

Lumber 

Tan  bark 

Palp  wood 

Unclasslfled  flight 

Total 


Tons. 


18,140 

68,011 

100.876 

8.126 

4,687 

8,8U 


298,161 


L  L  7. 

IMPROVEMENT  OF  SAGINAW  RIVER,  MICHIGAN. 

The  present  project  of  improvement  aims  for  a  channel  200  feet  wide 
and  14  feet  deep  from  Saginaw  Bay  to  the  apper  limits  of  Bay  City, 
ftnd  from  there  a  channel  of  the  same  width  12  feet  deep.  The  Beport 
of  the  Chief  of  Engineers  for  1896  fpp.  2727-2728)  summarizes  the  his- 
tory of  ox)erations  up  to  Jane  30, 1896,  and  no  work  has  been  done  since 
that  time,  except  dredging  under  a  contract  then  in  force;  this  work 
was  daly  completed  July  14, 1896,  as  stated  in  the  last  Annual  Eeport 
(p.  3012). 

The  expenditure  for  the  last  fiscal  year,  amounting  to  (697.62,  was 
applied  to  general  office  and  engineering  contingencies,  which  included 
the  preparation  of  certain  reports  called  for  by  the  river  and  harbor  act 
of  June  3y  1896,  viz: 

Estimates  of  cost  of  improvement  of  the  Saginaw  River  from  its  head  to  a  point 
in  Saginaw  Bay,  with  a  view  of  secnring  a  ohannel  200  feet  wide  and  an  increase  in 
depth  to  14  feet  from  the  head  of  the  river  to  the  Third  Street  Bridge,  so  called,  in 
Bay  City,  thence  of  the  same  width  to  Saginaw  Bay,  with  a  view  to  securing  an 
increase  of  the  depth  of  the  channel  to  16  ^et;  also,  to  submit  plans  and  estimates 
for  improving  the  west  channel  of  the  Saginaw  River  between  the  Middle  Ground 
and  West  Bay  City,  with  a  view  to  secarina;  a  depth  of  said  channel  to  14  feet;  also. 
to  improve  the  Shiawassee  River  from  the  Saginaw  River  to  the  Bad  River,  Baa 
River  to  the  village  of  Saint  Charles,  and  the  Flint  River  from  the  Shiawassee  as  far 
as  practicable,  to  snch  an  extent  as  will  afford  a  reliable  navigation  for  lisht-draft 
boats  between  Saginaw  River  and  the  village  of  Saint  Charles,  and  on  the  Flmt  River 
as  £v  as  piaoticable. 

Beport  was  submitted  November  22, 1897,  and  is  printed  as  House 
Doc  No.  135,  Fifty-fourth  Congress,  second  session.  It  is  also  sub- 
mitted herewith  as  Appendix  L  L  20. 

An  examination  was  made  in  April,  1898,  to  ascertain  the  condition 
of  the  ehann^  between  Saginaw  and  deep  water  in  Saginaw  Bay,  and 
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it  was  foand  that  the  available  depth  at  many  places  between  Saginaj^ 
and  Bay  City  had  become  redaced  to  10  feet,  the  least  depth  found  S'xi 
the  channel  oelow  Bay  City  being  13  feet.    A  large  amount  of  dredgin  g 
is  therefore  necessary  to  regain  the  depths  required  for  commerce  on 
this  stream,  and  called  for  by  the  present  approved  project  of  improve- 
ment; in  order  to  do  this,  so  as  to  give  the  redredged  channel  a  mini- 
mum width  of  100  feet,  will  require  an  appropriation  of  at  least  $50,000 
for  the  year  1900. 

The  riyer  is  in  the  conection  district  of  Huron,  Mich.,  and  the  nearest  port  of 
entry  is  Port  Huron,  Mich.    There  is  a  light-house  at  the  mouth  of  the  river. 

Estimated  cost  of  successive  projects,  1867  to  1882 $289,795.00 

Estimated  cost  of  project  of  1882 446,000.00 

Total 735.795.00 

Carried  to  surplus  fund 1,000.00 

Whole  amount  expended  to  June  aO,  18»8 709,814.89 

Money  statement 

July  1, 1897,  balance  unexpended $38,632.73 

June  SiO,  ISSKB,  amount  expended  during  fiscal  year 697.62 

July  1, 1898,  balance  unexpended 37,935.11 

July  1, 1898,  outstanding  liabilities 10.00 

July  1,1898,  balance  avaUable 37,925.11 

(Amount  that  can  be  profitably  expended  for  maintenance  in  fiscal 
year  endiog  June  30, 1900 50,000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Appropriations  for  improving  Saginaw  JRiver,  Michigan, 


Juno23,1866 $67,500 

March  2, 1867 28,000 

July  25, 1868  (allotiueiit) 9,000 

July  11,1870 1,500 

June  23, 1874 15,000 

March3,1875 30,000 

August  14, 1876 11,000 

June  18, 1878 25,000 

March  3, 1879 8,000 

June  14, 1880 15,000 

March  3, 1881 10,000 

August  2, 1882 125,000 


July5,1884 $50,000 

August  5, 1886 ^ 33,750 

August  11, 1888 65,000 

September  19, 1890 75,000 

July  13, 1892 100,000 

August  18, 1894 40,000 

June  3, 1896 40,000 

Total 748,750 

Carried  to  surplus  fund 1,000 

Balance 747,750 


OOMMSRCIAL  STATISTICS,  SAGINAW  RIVER,  MICHIGAN,  FOR  CALENDAR  TSAR  ENDING 

DECEMBER  31,  1897. 

Entrances  and  clearances. 


Calendar  year. 

Knmber. 

ToBsa^ 

1flD3 

1,890 
226 
226 

189 
l,03i 

89S.487 

18S4 

72,  W 

1896      ....- 

TzeM 

1896 

48,751 

IflOfT 

330,081 
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Vessels  trading  to  port. 


DMcription. 


Steam  barges 

BftrgM 

Sdioonen  ... 

Total.. 


1M,801 


Receipts  and  shipmtnts  by  vessel, 

[Oompiled  from  statements  ftimlshed  by  Depatv  CoUeotors  of  Customs  C.  M.  StewHrt,  of  SAfiaAW, 

Sast  Side,  and  D.  C.  Brawn,  of  Bay  City,  Silbh.] 


Articles  received. 


Brick 

Cedar  poata,  teWgraiih  poles,  etc 

Coal 

Fruit ........................... 

OtbIb 

Gravel 

Logs 

Lomber 

Ifovhandiae,  general 

Stone 

Iknbark 

Total 


Tons. 

17,500 

2,  an 

54,741 

3,160 

278,856 

162,600 

882,852 

67,498 

6,449 

16,537 

8.000 

995,960 

Articles  shipped. 


Coal 

Flour 

Grain 

Lath 

Logs 

Lumber 

Machinery 

Salt.....' 

Unolassifled  freight 

Total 


Tons. 


124,000 

4,000 

1,100 

6,120 

11,677 

183,600 

2,200 

69,286 

12,788 


864,800 


LL  8. 
mPROVEMENT  OF  SEBEWAING  RIVER,  MICHIGAN. 

The  facts  relating  to  the  improvement  of  this  river,  past  and  prospec- 
tiTe,  are  recited  in  the  last  Annual  Beport,  as  follows: 

The  fint  improyement  at  this  place  was  made  in  1875,  when  a  narrow  channel  6 
feet  deep  was  dredged  from  the  6-foot  curve  in  Saginaw  Bay  to  the  month  of  the 
liTer,  and  some  dredging  was  also  done  within  the  river  itself,  by  which  it  was 
straightened  and  deepened  to  6  feet.  The  total  cost  of  this  work  was  $8,0CX).  The 
river  and  harbor  act  of  March  3, 1879,  provided  foraresnrve^rof  "  Sebewaine  Harbor,'' 
and  that  of  Jnne  14,  1880,  appropriated  $7,000  for  deepening  the  channel  to  7  feet. 
As  reoommended  in  the  report  on  the  survey  dated  April  21,  1880,  the  money  was 
applied  accordingly  in  1880-81,  and  resulted  in  deepening  by  about  1  foot  the  pre- 
▼loasly  dredged  channels.  Examinations  or  surveys  were  again  made  under  the 
acts  of  August  2, 1882,  September  19,  1890,  July  13, 1892,  and  August  17,  1894. 

In  accoraance  with  the  reouirements  of  the  last-named  act  the  following  plan  of 
improvement  and  estimate  oi  cost  were  prepared  and  submitted  to  Congress : 

Flan  of  improvement, — ^To  dredge  the  entrance  channel  to  a  width  of  100  feet  and 
depth  of  8  feet  below  the  datum  plane  of  the  survey  of  1895.  At  the  present  staff e 
of  water  in  the  lake  this  would  give  a  naviffable  depth  of  barely  5i  feet.  The 
length  of  dredged  chaunel  would  be  about  15,0%  feet,  and  the  amount  to  be  exca- 
vated is  estimated  to  be  111,267  cnbic  yards,  scow  measurement. 

Estimaie  of  cost, — ^The  material  to  be  dredged  is  compact — a  mixture  of  sand  and 
gravel  in  some  parts,  hardpan  and  bowlders  m  others.  The  cost  of  its  removal  may 
be  averaged  at  30  cents  per  cubic  yard,  which  would  make  the  total  cost  of  the  pro- 
posed improvement,  in  round  numbers,  $37,000,  estimated  as  follows: 

Biedging  111,267  cubic  yards,  at  30  cents $33,380.10 

Add  10  per  cent  for  contingencies 3,338.01 

ToUl ^ 36,718.11 

The  act  of  June  3,  1896,  appropriated  $5,000  for  work  in  accordance  with  the  fore- 
going plan.  It  being  quite  apparent  that  no  useful  results  could  be  obtained  by  the 
eipenaiture  of  so  small  a  sum,  work  on  the  project  has  not  yet  been  commenced. 
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If  the  improvement  is  made  it  should  be  started  with  at  least  $15,000  ayailable 
expenditure.  With  that  amonnt  it  would  be  possible  to  make  a  narrow  channel  fro^-^ 
the  8- foot  curve  in  Saginaw  Bay  to  the  mouth  of  the  river,  the  distance  being  near^Z^ 
8  miles. 

An  expenditare  of  (15,000  would  probably  suffice  to  make  a  channei 
40  feet  wide,  but  such  a  chanuel  would  be  of  little  value  or  dura- 
bility.   But  from  the  nature  of  the  proposed  improvement  and  the 
exposure  to  which  the  plant  engaged  on  the  work  must  be  subjected 
until  most  of  it  is  accomplished,  it  would  be  a  much  better  policy  to 
appropriate  the  entire  estimated  cost  before  any  work  whatever  is  com- 
menced.   In  no  other  way  can  any  improvement  commensurate  with 
the  cost  of  operations  be  effected. 

The  river  is  in  the  collection  district  of  Huron,  Mich.,  and  the  nearest  port  of 
entry  is  Port  Huron,  Mich.    There  is  a  light-house  at  the  mouth  of  Saginaw  Biver. 

Money  statement 

July  1, 1897,  balance  unexpended $6,000.00 

July  1,  1898,  balance  unexpended 5^000.00 


'  Amount  (es  timated)  required  for  completion  of  existing  proj ect .......  32, 000. 00 

J  AmonntthatcanbeprofitablyexpendedinfiscalyearendingJuue30,1900  3^000.00 
^  Submitted  in  compliance  with  requirements  of  sections  2  of  river  iind 
harbor  acts  of  1866  and  1867,  and  of  sundry  civil  act  of  June  4,  1897. 


Appropriations  for  improving  Sebewaing  JRiver,  Michigan, 

March  3, 1875  (river  and  harbor) $8;  000 

June  14, 1880 7,0^0 

Junes,  1896 6,000 

Total 30,000 


COMMSBCIAL    STATISTICS,     SEBEWAINO    RIVER,     MICHIGAIT,    FOR    CALENDAR    TXAB 

ENDING  DECEMBER  31,   1897. 

Beoeipis  and  ahipmenU, 
[Compiled  from  statement  famiBhed  by  Meesn.  John  C.  Liken  &  Co.,  Sebewaing.  Mioh.] 


Articlea  leoeived. 


Buildlnff  stone 

Coal 

Lath  and  shingles- 
Lumber 

Salt 

Wheat 

Undassiiied  freight 


Total. 


Tons. 


4,688 
1,200 
1,418 
8,750 
630 
1,800 
87,000 


60,481 


A  rtialf  shipped. 


Brick 

Coal 

Orain 

Hay 

Headings 

Lnmber 

Prodnoe 

Stares 

Undassifled  freight 


Total. 


Twenty-five  to  80  per  cent  of  the  aboye  is  now  carried  by  water,  and  it  is  ^^ 
sen  ted  that  with  proper  harbor  facilities  fully  thia  amount  or  more  would  be  added 
to  lake  shipmenta. 
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L  L  g. 

IMPROVEMENT  OP  HABBOB  OF  BEFUGE  AT  SANDBBACH,  LAKE  HUBON. 

MICHIGAir. 

This  improyement,  wholly  artificial,  was  made  between  1872  and  1885, 
and  its  maintenance  is  of  the  most  vital  importance  to  all  commerce 
passing  throngh  Lake  Huron.  A  condensed  history  of  the  work  is 
given  in  the  report  of  the  Chief  of  Engineers  for  1896,  pages  2730^2731. 

Operations  daring  the  last  fiscal  year  were  confined  to  a  few  minor 
repairs  of  piers,  the  work  having  been  done  by  day  labor  under  the 
supervision  of  the  custodian  of  the  harbor. 

The  total  amount  exx)ended  in  improving  the  harbor,  its  maintenance, 
and  for  the  supervision  and  control  of  vessels  entering  for  shelter  to 
June  30, 1898,  is  $1,201,350.29,  of  which  $5,045.43  were  spent  during  the 
last  fiscal  year. 

The  harbor  was  carefully  examined  June  20-21, 1898.  The  timber 
superstructure  of  the  work  is  in  an  advanced  stage  of  decay,  and  that 
of  the  main  breakwater  is  so  weakened  that  it  is  likely  to  be  destroyed 
by  any  severe  storm  in  the  near  future.  Its  reconstruction  can  not 
safely  be  postponed  much  longer,  aud  when  this  is  done  it  should  be 
rebuilt  in  masonry.  An  additional  appropriation  of  $250,000  is  required 
for  doing  the  work  properly  and  economically  or  at  any  reasonable  rate 
of  progress,  and  it  should  be  made  available  for  expenditure  by  or  before 
the  year  ending  June  oO,  1900. 

The  number  of  vessels  that  took  refuge  at  the  harbor  during  the  past 
fiscal  year  was  1,114,  with  a  total  tonnage  of  408,392.49.  The  grand 
total  of  vessels  entering  for  shelter  during  the  calendar  years  1877  to 
1897,  inclusive,  is  25,007,  the  tonnage  of  which  aggregated  8,336,669. 
The  size  of  vessels  sheltered  in  1877  averaged  289  tons,  aud  in  1897  this 
average  had  increased  to  398  tons. 

Sand  beach  ia  in  the  collection  district  of  Huron,  Mich.,  and  the  nearest  port  of 
ent^ia  Port  Hnron,  Mich.  One  light-house  and  three  beacons  mark  the  entrances  to 
the  harbor,  and  there  is  a  life-saving  station  inside. 

Original  estimated  cost  of  the  work $1,442,600.00 

Amount  carried  to  surplus  fund 30,000.00 

Whole  amoont  expended  to  June  30,  1898 1,201,350.29 

Money  statement 

Julyl,  1897,  balance  unexpended $109,695.14 

September  4, 1897,  amount  collected  on  account  of  damage  to  piers  and 
deposited  to  tiie  credit  of  the  appropriation 107.05 

109, 802. 19 
JimsSO,  1896,  amount  expended  during  fiscal  year 5,045.43 

July  1,1898,  balance  unexpended 104,756.76 

%  1, 1898,  outstandhig  liabilities 223.47 

July  It  1898,  bahmoeayailable 104,533.29 


JAoHmntthatcan  be  profitably  expended  in  fiscal  year  ending  June  30, 1900  250, 000. 00 
jSabmitted  in  compliance  with  requirements  of  sections  2  of  river  and 
Wbcur  acts  of  1866  and  1867  and  of  sundry  oivU  act  of  June  4, 1897. 
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cubic  yards.  The  work  was  completed  November  30,  1897,  and  the 
result  was  to  restore  the  required  16-foot  depth  over  titie  general  area 
of  the  bar  and  the  middle  ground. 

The  total  amount  expended  in  this  locality  to  June  30, 1898,  was 
$92,369.46,  of  which  $5,440.73  were  expended  during  the  last  fiscal  year. 

Experience  shows  that  tbe  shoal  will  reform  in  the  near  future,  and 
it  is  important  that  means  be  at  hand  to  prevent  the  navigable  depth 
being  so  reduced  as  to  seriously  affect  the  extensive  navigation  that  is 
practiced  in  this  locality.  An  appropriation  of  $10,000  for  this  purpose 
is  recommended  as  a  judicious  precautionary  measure. 

The  ri^er  is  in  the  collection  district  of  Hnron,  Mich^^  and  the  nearest  port  of 
entry  is  Port  Hnron,  Mich.  The  nearest  ligbt-honse  is  at  Fort  Gratiot,  distant  about 
2  miles. 

Original  estimated  cost  (1871)  of  removing  middle  ground  to  depth  of — 

15  feet $67,320.00 

18  feet 157,620.00 

V^Thole  amount  expended  to  Jane  30,  1898...^ 92,369.46 

Money  statement. 

July  1,  1897,  balance  unexpended $7,571.27 

June  30,  1898,  amount  expended  during  fiscal  year 5, 440. 73 

July  1,  1898,  balance  unexpended 2,130.54 

Amount  that  can  be  profitably  expended  in  fisoalyearending  June30,1900    10, 000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  1897. 


Appropriation$  for  improving  St,  Clair  River  at  mouth  of  Black  Biver,  Michigan, 


Mouth  of  Black   River,  in  St. 
Clair  River,  Michigan : 

June  10,  1872 $15,000 

St.    Clair   River,   at   mouth   of 
Black  River,  Michigan: 

March  3, 1873 15,000 

June23,  1874 15,000 

March  3,1875 10,000 

June  18,  1878 1,500 


Month  of  Black  River,  Michigan: 

August  11, 1888 $10,000 

September  19, 1890 10,000 

July  13, 1892 10,000 

August  18,  1894 4,000 

June  3, 1896 4,000 

Total 94^500 


CONTRACT  IN  FORCE. 


Contract  in  force  with  Edmund  Hall  for  dredging  bar  at  mouth  of  Black  River, 
Michigan,  dated  May  13, 1897,  approved  May  20, 1897.  Date  of  beginning  work,  June 
1, 1897;  date  of  expiration,  July  29, 1897. 


L  L  zz. 

IMPROVEBfENT  OP  BLACK  RIVER  AT  PORT  HURON.  MICHIGAN. 

This  improvemeiit  was  commenced  under  the  river  and  harbor  act  of 
September  19, 1890,  and  the  present  project  of  improvement  contem- 
plates dredging  the  river  channel  to  a  depth  of  16  feet  from  the  month 
to  the  Washington  Avenue  Bridge,  the  width  varying  from  160  feet  near 
the  mouth  to  50  feet  in  the  narrow  sections  above.   Progress  of  the  work 
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-CUutiJied  tabU  of  tannage,  by  noniht,  sheltered  in  the  harbor  o/rtfuge  at  8and- 
heach,  Mioh.,  from  July  1, 1897,  to  June  SO,  1898. 


StMm. 

Sail. 

Tow. 

Total. 

Bths. 

Knm* 
bttT. 

Tons. 

Nmn- 
ber. 

Tons. 

Nam* 
ber. 

Tons. 

Nnm- 
ber. 

Tons. 

197. 

57 
59 
65 
80 
145 
28 

1 
46 
85 
26 

17, 700. 78 
19.240.96 
29.329.08 
88,422.33 
93, 178. 72 
17,218.43 

212.62 

20.184.87 

10, 795. 38 

7,479.04 

32 

46 
41 
34 

48 

4 

2.086.81 
2,396.73 
2.406.93 
2.109.07 
4,616.85 
291.84 

22 
19 
39 
59 
88 
11 

2 
18 
24 

5 

12.239.56 
7,392.89 
19, 774. 05 
25,889.83 
41,470.38 
8,747.98 

577.88 
7, 352. 40 
8,930.47 
2,406.54 

Ill 
124 
145 
173 
281 
43 

8 
81 
85 
68 

32.026.60 
29,032.58 
51.510.01 
66,421.28 
139,265.95 
26,263.75 

789.96 

ir. ........ 

ir ......... 

r  ......... 

M. 

17 
26 
87 

1. 564. 64 
1,438.38 
2, 930. 70 

29.101.91 
21. 164.  a 

12.816.28 

Ul 

542 

253,762.11 

285 

19,848.95 

287 

134,781.43 

1.114 

408.392.49 

'Number  and  tonnage  of  veaseU  sheltered  in  the  harbor  of  refuge,  Sandbeaoh, 

Mich.,  1877  to  1897,  incluHve. 


Calendar  year. 

Steam. 

Sail. 

Tow. 

Total. 

Total 
Teaaels. 

Arerage 
tonnage. 

Tone. 
68,966 
104,025 
133,080 
158,720 
144.645 
146,132 
177,122 
156,518 
196.364 
196.335 
271.327 
271. 917 
289,719 
325,852 
296,917 
362,486 
243,451 
821,511 
856,532 
246,477 
804.460 

Tom. 

27,699 

89,699 

45.750 

55,680 

55,060 

26,604 

32,713 

84,724 

29.426 

33,790 

83,689 

89,756 

37,022 

38,826 

27,076 

29,466 

20.897 

22,961 

26,898 

24.621 

21.151 

Tom. 
50,054 
99,282 
100.096 
147,260 
127,855 
114.067 
114. 001 
122,980 
151,607 
140,862 
153,087 
202.191 
165.896 
169,104 
171,067 
162,605 
113,915 
134.034 
167,237 
105,988 
153,776 

Tone. 

142,619 

243,006 

278.926 

861. 610 

828.460 

286,708 

323.926 

814,222 

877,397 

870,987 

458, 103 

513, 864 

493, 531 

633.782 

491,060 

554,556 

878,268 

478,506 

550,668 

877,087 

479,887 

493 
781 
921 
1,317 
1,176 
1,022 
1,139 
1,142 
1,158 
1,304 
1,447 
1,624 
1.512 
1.575 
1,341 
1.441 
982 
1,150 
1,204 
1,078 
1,205 

289 

811 

303 

275 

279 

280 

284 

275 

326 

284 

817 

316 

326 

339 

866 

885 

385 

416 

451 

851 

398 

tdUl 

4,767,556 

705,157 

2,867,954 

8.836,668 

26,067 

L  L  zo. 

IMPROVEMENT  OP  MOUTH  OP  BLACK  RIVER,  MICHIGAN. 

16  bar  and  middle  ground  in  the  St.  Glair  Biver  at  the  mouth  of  the 
k  were  dredged  to  a  depth  of  15  feet  in  the  years  of  1872-1875,  and 
)dged  to  16  feet  in  1889-1892,  and  an  outline  of  operationn  to  June 
896,  is  contained  in  the  Annual  Eeport  of  the  Chief  of  Engineers 
mt  year,  page  2735.  From  that  time  to  June  30, 1897,  nothing  was 
except  dredging  to  the  extent  of  729  cubic  yards,  being  the  com- 
^tsmemt  of  operations  under  a  contract  entered  into  May  13, 1897, 
Edmund  H^,  of  Detroit,  Mich.,  for  redredging  the  shoal  area  in 
locality. 

orations  during  the  last  fiscal  year  were  under  the  above-mentioned 
act,  and  resulted  in  the  excavation  of  45,729  cubic  yards  during 
Bar*  making  the  total  amount  removed  under  this  contract  46,458 


I 
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CONTRACT  IN  FORCE. 


Contract  in  force  with  Edmand  Hall  for  dredging  Black  River,  at  Port  Hnroo, 
Micb.,  dated  May  13,  1897;  approved  May  20,  1897;  date  of  beginning  work,  May  25, 
1897;  date  of  expiration,  July  17,  1897;  completed  September  4,  1897. 


COHMERCIAX,  STATISTICS,   BLACK  RIVKR,  MICHIGAN,   FOR  CALENDER  TEAR  IHDING 

DECEMBER  31,   1897. 

Entrances  and  clearances. 


Calendar  year. 


1889.. 
1890.. 
1891.. 
1892a. 
1893.. 


Number. 


1,612 
2,225 
2, 320 


602 


Tonnage. 


578,489 
647.964 
678,430 


71,415 


Calendar  year. 


1894 
1895 
1896 
1897 


Kamber. 


505 
587 
628 
646 


Tonii«g& 


68.780 

60,850 

72,950 

121,748 


a  Not  stated. 

BeoeipU  and  shipments  hy  vessel, 

[Compiled  from  8tat3ment  furnished  by  Mr.  O.  L.  E.  Weber,  superintendent  Michigan  Solpbito  Fiber 

Works.  Port  Huron,  Mich.J 


Articles  received. 


Brick 

Coal 

Gravel 

Logs  and  lumber  ..., 

Machinery 

Pulpwooa 

Salt 

Shingles,  staves,  etc 
Wood 

Total 


Tons. 


4,610 

35,198 

1,300 

20,629 

75 

24,948 

150 

2,065 

7,950 


96,925 


Articles  shipped. 


Lath 

Propeller  (built  at  shipyard). 


Total 


Tom. 


125 
1,330 


Fifty -one  vessels,  representing  a  total  p^ross  tonnage  of  11,300  tons,  were  qoarteroo^ 
in  Black  River  daring  the  winter  of  1897-98. 


L  L  12. 


IMPROVEMENT  OF  PINE  RIVER,  MICHIGAN. 

The  project  of  improvemeut  now  in  course  of  execution  in  this  rive^ 
provides  for  dredging  it  from  its  mouth  to  Belknap's  brickyard,  a  dis- 
tance of  about  6,800  feet,  the  channel  to  be  100  feet  wide  and  14  ffP 
deep  for  a  distance  of  2,500  feet  upstream,  and  thence  75  feet  wid^ 
with  a  depth  of  12  feet  for  the  remaining  3,300  feet.    An  outline  of  th^ 
work  done  to  June  30, 1897,  is  given  in  the  Annual  Eeport  of  the  Chier 
of  Engineers  for  that  year  (p.  3024).    The  estimated  cost  of  completini^ 
the  work  as  projected  was  $10,560,  and  the  amount  appropriated  therefot 
to  date  is  $5,000. 

No  work  was  in  progress  during  the  last  fiscal  year.  The  total 
expenditure  to  June  30, 1898,  was  $9,461.95,  of  which  $9  were  expended 
during  the  last  fiscal  year. 
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The  improvement  has  not  been  examined  since  operations  were  sus- 
pended, November,  1896,  but  it  is  reported  that  the  upper  section,  3,300 
^t  in  length,  which  was  dredged  for  a  width  of  only  30  feet,  has 
hoaled  considerably  since  that  time. 

An  additional  appropriation  of  $5,560,  being  the  balance  of  the  esti- 
lated  cost,  will  be  required  to  complete  the  improvement  as  projected. 

The  river  is  in  the  collection  district  of  Hnron,  Mich.  The  nearest  port  of  entry 
I  Port  Haron,  Biich.  The  nearest  light-house  is  at  Fort  Gratiot,  distant  about  13 
dies. 

Money  statement, 

[Qly  1, 1897,  balance  nnezi>ended $547.05 

(ime3N),  ISS^,  amount  expended  during  fiscal  year 9.00 

Jiily  1, 1897,  balance  unexpended 538.05 

(Amount  (estimated)  required  for  completion  of  existing  project 5, 560. 00 

\  Xmount  tb  at  can  be  profitably  ex}>ended  in  fiscal  vear  ending  J  uu  e  30, 1900      5, 560. 00 
^S1IbIIlitted  in  compliance  with  requirements  of  sections  2  of  river  and 
V  harbor  acta  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AppropriatUmi  for  improving  Pine  River,  Michigan, 

Mtrcli3,1875 $5,000 

June  3,1896 5,000 

Total 10,000 


OOMMIRGIAL   8TATIBTIC8,    PINB    RIVBR,    MICHIGAN,    FOR    CALENDAR    TEAR    ENDING 

DECEMBER  31,   1897. 

Beeeipte  and  shipments  by  vessel. 
[Oonpiled  from  statement  fdrnished  by  Messrs.  J.  R.  Whiting  8c  Co.,  St.  Clair,  Mich.] 


Aztkles  reoetved. 
iJwrtoM 


TvUl. 


Tons. 


850 


350 


Articles  shipped. 


Brick. 
Lime  . 


Total 


Tons. 


0,250 
220 


0,470 


llirteeo  Bteamers  and  barges  were  laid  up  in  Pine  River  during  the  winter  of 


L  L  13. 

IMPROVEMENT  OF  BELLE  RIVER,  MICHIGAN. 

An  improvement  of  this  river  was  made  between  1880  and  1885,  at 
a  tota]  cost  of  $14,000,  by  dredging  a  channel  50  feet  wide  and  13  feet 
^P  for  a  distance  of  abont  6,000  feet  from  the  month.  The  depth 
fndaally  decreased  nntil  the  river  and  harbor  act  of  Jnne  3, 1896, 
•ppropriated  $5,000  for  redredging  the  channel  to  a  navigable  depth  of 
15  feet  from  the  month  to  the  first  bridge  above,  and  from  there  to  the 
Moond  bridge  to  a  depth  of  14  feet.    Operations  under  this  project 
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were  commenced  June  12, 1897,  under  contract  with  Edmund  Hall,  of 
Detroit,  Mich.,  dated  May  13, 1897,  and  up  to  June  30  of  that  year 
14,086  cubic  yards  had  been  excavated. 

Operations  under  the  above  contract  were  continued  until  August  1, 
1897,  when  the  available  funds  became  so  reduced  as  to  cause  a  sus- 
pension of  operatious.  Tlie  amount  excavated  during  the  fiscal  year 
was  24,949  cubic  yards,  making  the  total  excavation  since  the  begin- 
ning of  operations  39,035  cubic  yards.  The  result  was  to  provide  a 
channel  15  feet  deep  and  about  75  feet  wide  from  the  mouth  of  the  river 
for  a  distance  of  about  2,400  feet  upstream. 

The  total  expenditure  to  June  30,  1898,  was  (18,928.10,  of  which 
(4,605.38  were  spent  during  the  last  fiscal  year. 

The  channel  has  not  been  examined  since  operations  were  suspended 
in  the  summer  of  1897,  but  it  is  reported  that  considerable  shoaling 
has  taken  place  since  then.  The  completion  of  the  improvement  as 
projected  will  require  an  additional  appropriation  of  $10,000. 

The  riyer  is  in  the  collection  district  of  Huron,  Mich.,  and  the  nearest  port  of 
entry  is  Port  Huron,  Mich.  The  nearest  light-house  is  at  8t.  Glair  Flats  Can^, 
distant  about  171  miles. 

Money  statement. 

July  1,1897,  balance  unexpended $4,677.28 

June  30, 1898,  amount  expended  during  fiscal  year 4, 605. 38 

Joly  1, 1898,  balance  unexpended 71.90 

{Amount  (estimated)  required  for  completion  of  existing  project 10, 000. 00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900    10, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4^  1897. 


AppropriationB  for  improving  Belle  Biver,  Michigan, 

March  3, 1881  (ice  harbor  of  refuge) $7,000 

August  2,  1882  (ice  harbor  of  refuge) 6,000 

July  5, 1^84  (ice  harbor  of  refuge) 2,000 

June  3, 1896 6,000 

Total 19,000 


CONTRACT  IN  FORCS. 


Contract  in  force  with  Edmund  Hall  for  dredging  Belle  River  at  Marine  Clty» 
Mich.,  dated  May  13,  1897;  approved  May  20, 1897.  Date  of  beginning  work,  Jane 
12, 1897;  date  of  expiration,  July  23, 1897;  completed  July  31, 1897. 


COMMERCIAL  STATISTICS,  BELLB  RIVER,  MICHIGAN,  FOR  THE  GAI^KNDAR  TEAK 

EMDINO  DECEMBER  31,  1897. 

Entrancee  and  clearances. 


Calendar  year.  Kamber.    TonBifa> 


1897 Sa  l,OB 
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BeedpU  Iff  veaaeh 

[Compiled  from  statoment  f orDished  by  Mr.  S.  B.  W.  Beattie,  deputy  collector  of  caatomB.  Haiiiie 

City,  Mich.] 

Tons. 

Coal 950 

LogB 7,918 

Lumber 2,288 

Unokasified  freight 240 

Total 11.396 

TUrty-aeveii  vesselfi,  repreeenting  a  total  gross  tonnage  of  14,000,  were  quartered 
in  Belle  Biyer  daring  tbe  winter  of  1897-98. 


L  L  14. 
IMPROVEMENT  OF  ST.  CLAIR  FLATS  CANAL,  MICHIGAN. 

The  history  of  this  improvement  to  June  30, 1896.  is  outlined  in  the 
Eeport  of  the  (Ihief  of  Engineers  for  that  year  (pp.  2881-2889);  and  no 
irork  has  been  done  since  then. 

The  total  expenditure  to  June  30, 1898,  was  $761,750.61,  of  which 
11,527.15  were  spent  during  the  last  fiscal  year.  This  expenditure  was 
for  office  and  engineering  contingencies,  which  included  some  local  sur- 
yeys  made  with  a  view  to  preparing  plans  and  estimates  for  further 

impTOTements. 
^0  specific  appropriation  has  been  made  for  this  work  since  1890,  the 

cost  of  operations,  care,  and  maintenance  being  provided  by  allotments 

from  the  permanent  indefinite  appropriation  for  operating  and  care  of 

eanals  and  other  works  of  navigation. 

Bi  Glair  Flats  Canal  is  in  the  collection  district  of  Detroit,  Mich.    The  nearest 
port  of  entry  is  Detroit.    Two  light-honses  stand  upon  its  hanks. 

Money  statement, 

Jolyl,lg97,  balance  unexpended $4,686.54 

J^30, 1898,  amount  expended  daring  fiscal  year 1,527.15 

J0I7 1,1898,  balance  unexpended 3,059.39 


AppropriatUmB  far  improving  St.  Clair  FlaU  Canals  Michigan, 


i«wai866 $80,000 

**fch2,1867 150,000 

^*25,18e8 86,000 

fPnllfl^l889 142,560 

WaWO 16,500 

*«eka,18f71 1,500 

i^io.vm 4,000 

«wiiS,l873 100,000 


June  18,1878 $5,000 

March  3, 1879 3,000 

Junel4,1880 2,500 

August  5, 1886 18,750 

August  11, 1888 75,000 

September  19, 1890 80, 000 

Total 764,810 


J^on.— The  appropriations  of  1852,  $20,000,  and  1856,  $45,000,  are  not  taken  aoconnt 
J^rarthe  reason  that  they  did  not  enter  into  the  improvement  of  St.  Clair  Flats 
^^  the  first  haying  heen  expended  in  building  a  dredge  and  the  second  in  drodg- 
J«  the  North  Chann^  of  the  South  Pass.  From  March  3, 1881,  the  amounts  allotted 
«if  opecBting  and  care  of  St.  Clair  Flats  Canal  are  rendered  separately. 
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If  Lis- 

OPERATING  AND  CARE  OF  ST.  CLAIR  FLATS  CANAL,  MICHIGAN. 

Conforming  to  the  method  that  has  been  followed  since  the  canal  was 
opened  to  navigation  in  1871,  a  custodian  was  present  on  the  work  dar- 
ing the  season  of  navigation  to  watch  the  passage  of  vessels,  enforce 
regulations  respecting  navigation  through  the  canal  and  its  approaches, 
and  supervise  such  work  as  was  requisite  for  ordinary  care  and  repair 
of  the  canal  dikes.  Expenditures  on  this  account  during  the  fiscal  year 
were  $2,099.65. 

It  has  been  apparent  for  a  few  years  past  that  the  limited  project 
followed  up  to  the  present  time  should  be  very  much  enlarged,  and  a 
substitute  was  therefore  recently  submitted  for  the  ensning  fiscal  year, 
as  follows : 

First  project — ^This  is  to  continue  as  heretofore,  and  commit  the  imme- 
diate care  and  supervision  of  the  canal  and  the  enforcement  of  cansJ 
regulations  to  a  single  custodian,  limiting  repairs  to  such  as  become 
necessary  as  a  result  of  some  accident. 

The  estimate  for  this  limited  project  is  $.1,000,  as  in  years  past,  viz: 

Salary  of  cnstodian $1,500 

Usaal  repairs 2,500 

ContingencieSi  inclading  office  expenses 1,000 

Total 5,000 

The  unexpended  balance  of  the  last  allotment,  being  in  round  num- 
bers $500,  leaves  $4,500  as  the  additional  amount  required  if  this 
project  be  adhered  to.  I  do  not  recommend  this  course,  for  reasons  indi- 
cated below. 

Second  project — The  project  outlined  above  does  not,  and  can  not, 
provide  for  (1)  an  efficient  supervision  of  the  canal;  (2)  a  continuous 
or  careful  observation  of  vessels  passing  throngh  it;  (3)  the  detection 
of  offenses  against  the  regulations  governing  its  use,  except  in  a  very 
few  instances  and  in  these  it  is  accidental;  or  (4)  for  supplying  such 
testimony  as  is  required  to  convict  persons  charged  with  ofienses  when 
they  are  brought  before  the  court.  It  is  not  necessary  to  refer  to  expe- 
rience respecting  any  but  the  last  of  these  points  to  show  that  the  lone 
costodian  is  unequal  to  the  above  requirements.  On  that  latter  point 
this  experience  is  that  the  unsupported  testimony  of  the  custodian  is 
invariably  powerless  against  a  vessel  master  with  his  well-drilled  crew 
of  witnesses  to  back  him  up  on  the  stand.  The  testimony  of  at  least 
two  witnesses,  or  its  equivalent,  is  necessary  for  conviction,  and  such 
testimony  the  Government  is  generally  unable  to  produce.  The  effect 
of  the  whole  system  is  ta  weaken  and  discredit  the  attempt  at  govern- 
mental regulations.  The  first  project  also  omits  to  provide  for  the  exten- 
sive general  repairs  that  have  now  become  a  matter  of  almost  extreme 
necessity,  and  the  work,  being  a  conspicuous  feature  in  the  line  of  travel 
throngh  the  lakes,  is  viewed  and  criticised  by  thousands,  to  the  great 
discredit  of  the  service  responsible  for  its  present  condition  of  rank 
ruin  and  unsightliness.  In  view  of  all  these  considerations  my  last 
project  of  operations  ^June  27, 1896)  suggested  a  more  extensive  one, 
from  which  the  following  is  quoted : 

The  wooden  SDperstructare  of  the  old  dikes  has  become  thoroughly  rotten,  large 
sections  of  it  have  fallen  away,  iron  bolts  project  from  1  to  2  feet  above  what  remains, 
and  as  a  whole  it  is  in  an  utterly  dilapidated  and  disrepatable  condition;  all  old 
timbers  should  be  removed  down  to  the  water  surface  and  the  earth  back  of  them 
graded  back  to  a  proper  slope.    The  two  dikes  aggregate  about  16,000  feet  in  length, 
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id,  estimating  the  proposed  repairs  at  $2  per  linear  foot,  the  total  cost  would  be 

10,000. 

The  old  pile  atractares  by  which  the  ends  of  each'  dike  are  protected  are  badly 

tied  above  water  and  broken  down  in  part.    They  should  be  cnt  down  to,  and 

bailt  above,  the  water  surface.    To  do  this  properly  would  cost  about  $5,000.    I 

ide  a  careful  examination  of  the  whole  work  on  the  22d  inst.,  and  believe  these 

neral  repairs  to  be  urgently  requisite. 

A  proper  enforcement  of  the  canal  regulations  has  become  a  matter  of  grave 

iportance,  becanse  of  the  vast  passing  commerce,  but  this  is  utterly  impossible  so 

Qg  as  there  is  only  a  single  custodian  charged  with  this  duty.    There  should  be 

'o  watchmen  on  duty  at  all  times,  day  and  night;  one  stationed  at  the  upper 

trance  to  the  canal  and  the  other  at  the  lower  one.    Such  a  system  would  require 

c  watchmen  to  serve  in  three  watches  of  reliefs,  and^  with  pay  at  $60  per  month 

ch,  wonld  cost  $4,320  annually. 

A  telephonic  system  of  communication  should  be  establiBhed  between  the  upper 

d  lower  watch  stations.    Its  cost  would  probably  be  about  $2,500. 

The  custodian  should  be  supplied  with  a  sinall  steam  launch,  costing  probably 

,000,  and  operated  at  an  annual  expense  of  about  $1,500. 

An  office  building  should  be  erected  at  a  cost  of  about  $5,000. 

8neh  an  organization  is  essential  to  a  satisfactory  supervision  of  traffic  through 

e  canal,  and  it  would  also  enable  a  careftil  record  of  passing  commerce  to  be  made, 

sreby  giving  accurate  statistics  of  commerce  between  the  upper  and  lower  lakes. 

Being  now  still  more  fally  convinced  of  the  necessity  of  entering 
x>n  a  project  substantially  as  that  ontlined  above,  I  recommend  its 
[option,  and  submit  the  following  as  the  estimated  cost;  during  the 
'St  year  only,  ibr  approval : 

nstodian,  at  $1,200  per  year $1,200 

ratchmen,  at  $60  per  month  each,  for  10  months 3,000 

Bee  building,  with  quarters  for  custodian  and  watclimen 5, 000 

ilephone  line .- 500 

earn  launch 1,500 

lerating  steam  launch 1,500 

moral  repairs  of  dikes  and  pile  protection 27,000 

pervision,  engineering,  and  office  contingencies 5,000 

Total 45,300 

Making  the  additional  allotment  required  for  this  year's  project 
15,000  in  round  numbers. 

It  will  be  observed  that  the  above  estimate  is  $11,520  less  than  that 
ibmitted  in  1896,  the  probable  cost  of  repairs  having  been  more  care- 
lUy  computed  since  that  time,  and  better  information  obtained  respect- 
ig  other  items. 

It  has  been  suggested  that  Oongressional  action  is  necessary  before 
itering  upon  this  enlarged  project,  but  section  4  of  the  act  of  July  5, 
^,  provides  that  ^'The  Secretary  of  War,  upon  the  application  of 
He  Chief  Engineer  in  charge  of  said  works,  is  authorized  to  draw  his 
^arrant  or  requisition  upon  the  Secretary  of  the  Treasury  to  pay  the 
etnid  expenses  of  ojierating  and  keeping  said  work  in  repairs,"  etc 
this  legislation  appears  to  devolve  upon  the  officer  in  charge  the  duty 
uid  responsibility  of  indicating  what  is  needed  in  such  cases,  and  duly 
uiihorizeB  the  necessary  expenditure.  It  would  therefore  seem  that 
[ortlier  Oongressional  action  is  not  only  unnecessary,  but  that  to  await 
it  might  not  be  in  full  accord  with  the  spirit  and  object  of  the  law  just 
quoted.  The  principal  item  of  expenditure  in  the  project  now  sub- 
nutted  is  for  extensive  general  repairs  that  have  become  urgently  nec- 
WBtty  as  a  result  of  twenty-eight  years'  wear  and  tear,  during  which  no 
expenditure  for  the  purpose  now  contemplated  has  been  made.  Having 
Bide  these  repairs,  the  annual  cost  of  operating  and  care  will  fall  to 
1^000  or  less. 

fit  Clair  Flats  CanAl  is  in  the  ooUeotion  district  of  Detroit,  Mich.    The  nearest 
?«it  of  eatry  is  Detroit.    Two  light-honses  stand  npon  its  banks. 

sua  08 ^163 
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Money  statement 

Expended  to  Jane  30, 1897 $73,896.78 

Ontatanding  liabilities  June  30, 1897 175.00 

Total  expenditures  to  Jane 30, 1897 74,070.78 

Expended  during  fiscal  year  ending  June  30,  1898 $2, 056.  !^3 

Dedact  outstanding  liabilities  pertaining  to  preceding  year. .  175. 00 

Total  pertaining  to  current  fiscal  year 1,881.53 

Add  outstanding  liabilities  June  30,  1898 218. 12 

2,099.65 

Total  expenditure  to  Jnne30, 1898  (including  outstanding  liabilities)    76^  170. 43 

EBtimateBfpr  year  ending  June  SO,  1800, 

If  old  project  be  continued $5,000 

If  new  project  be  adopted 45,000 


Expenditures  for  operating  and  care  of  St,  Clair  Flats  Canal,  Michigan. 


1882 $8,786.09 

1883 5,668.87 

1884 2,532.15 

1885 4,906.59 

1886 9,539.11 

1887 1,819.53 

1888 1,510.00 

1889 20,315.00 

1890 2,138.16 

1891 2,020.20 


1892 $1,888.67 

1893 2,675.93 

1894 3,592.18 

1895 1,993.32 

1896 2,501.57 

1897 2,162.81 

1898 2,099.65 

Total 76,170.43 


Statement  of  receipts  and  expenditures  for  fiscal  year  ending  June  SO,  1898, 

Receipts : 

Balance  at  close  of  fiscal  year  ending  Jane  30, 1897  (including  outstand- 
ing liabiUties) $2,660.62 

Expenditures : 

Salary  of  custodian $1,500.00 

Ordinary  repairs 12G.75 

Contingencies 472.90 

2,099.65 

Balance  at  close  of  fiscal  year  ending  June  30, 1898 560.97 


Detailed  statement  of  expenditures  tnade  in  connection  with  operating  and  careofeanalt 
and  other  works  of  navigationf  applied  to  St,  Clair  Flats  Canal,  Michigan,  during  ike 
fiscal  year  1898,  as  required  by  section  7  of  the  river  and  harbor  act  of  August  11, 1888, 


Date. 


1887. 
Angoat.. 


September.. 
Oolober 


Kovember ... 
Deocmber  ..< 


Voucher. 


17 
82 

a  47 
56 
84 
15 
81 
18 
4 


To  whom  paid. 


Sundry  peraona 

do 

Henry  Howard  estate. 

Jos.  Wood  &.  fcioua 

Sundry  peraons 

do 

J.  C.  Goaa&Co 

Sundry  peraona 

.....do 


For  what  paid. 


Payroll 

.....do  

Timber 

Screw-bolts  and  spikes 

TayroU 

do 

United  States  flag 

Pay  n>ll 

.....do 


► 


a  Part  of  rouoher. 


AmooBt. 


$175.00 
35.00 

98.43 
il» 
175.00 
175.00 
8.50 
175.00 
175.00 
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DMed  iiatement  of  expendiiuret  made  in  oonneetUm  with  operating  and  oareofeanaU 

and  other  worke  of  navigation,  etc, — Contiuued. 


Dito. 


18M. 
Juury. 


Nmtnr.... 
Much 

fc:::: 

Jase 


Jaty. 


Voaoher. 


12 
U 
86 


6 

6 

7 

3 

7 

115 

18 

118 

119 


To  whom  paid. 


Siindxy  persons 

Detroit  Citisens  Street  Knilway  Co. 

Lucy  Smith 

H.  D.  McElroy 

Siinley  &  Geary 

W.  H.  Mott 

do 

, ....do  .............................. 

Sandry  persona 

do 

£.  W.  Spragne 

Sandry  persona 

Henry  Howard  estate 

MoUaneyBroa 


Total  expended. 


For  what  paid. 


Payroll 

Cartioketa 

Laundering 

Repairing  ntool,  etc 

Sepairing  dating  stamp 

Services 

do 

.....do 

Payroll 

....do 

Typewriting  paper,  eto. 

Payroll 

Timber 

Polling  pilea 


Ajnonnt. 


$165.00 

10.00 

0.00 

.80 

1.50 

12ft.  00 

125. 00 

125.00 

176.00 

176.00 

ILIO 

186.60 

11.68 

90.00 


2.090.65 


LLz6. 

IMPROVEBiENT  OP  CLINTON  RIVER,  MICHIGAN. 

The  improvement  of  this  stream,  commenced  in  1870,  has  been  carried 
on  aJDce  then  as  fands  were  appropriated,  and  an  ontliDe  of  the  work 
done  to  Jane  30, 1896,  is  printed  in  the  Beport  of  the  Ohief  of  Engineers 
for  that  year  (pp.  2736-2737). 

The  object  sought  by  the  approved  project  of  improvement  is  to  main- 
tain a  channel  8  feet  deep  from  the  month  of  the  river  to  the  city  of . 
Mount  Clemens,  8  miles  above. 

An  examination  of  the  stream  made  in  the  spring  of  1897  having  shown 
that  the  improved  channel  had  shoaled  to  snch  an  extent  as  to  afFord 
an  available  depth  of  only  4^  to  5  feet  in  many  places,  a  contract  was 
entered  into  May  13, 1897,  with  Edmund  Hall,  of  Detroit,  Mich.,  for 
fedredgiDg  the  river,  and  work  nnder  the  contract  was  commenced  June 
10,1897. 

Operations  daring  the  last  fiscal  year  were  confined  to  dredging  in 
eontinuation  of  the  work  in  progress  at  its  commencement  nntil  Septem- 
btt6,i897.  The  amount  excavated  daring  the  year  was  25,708  cubic 
yards,  making  the  total  amount  dredged  under  contract  34,363  cnbio 
yards,  which  resulted  in  restoring  the  depth  of  8  feet  throughout  the 
rirer  to  Mount  Clemens;  but  the  channel  thus  provided  was  a  narrow 
one  and  is  not  likely  to  have  any  considei-able  duration.  The  river  has 
Dot  been  examined  since  operations  were  suspended  in  the  fall  of  1897, 
and  the  extent  of  deterioration,  if  any,  is  not  now  known. 

The  whole  amount  expended  for  the  improvement  of  the  river  to  Jane 
^t  1^  was  $67,672.58,  of  which  $7,150.59  were  spent  daring  the  last 
fiscal  year. 

The  balance  of  funds  available  for  farther  work  will  probably  suffice 
fordoing  such  dredging  as  is  necessary  to  maintain  the  reqnired  navi- 
Pbk  depth  daring  the  year  ending  Jane  30, 1900.  and  therefore  no 
*<UitioD^  estimate  for  this  purpose  is  now  presented. 

1^  river  is  Id  the  collection  distriot  of  Detroit,  Mioh.,  which  is  the  nearest  port  of 
>at^.  The  nearest  lighthouse  is  6  miles  distant,  at  St.  Clair  Flats. 

<^Vi]ial  estimated  cost  of  work,  1885,  as  amended  in  1889.. $34,564.00 

^ffhok  saioiuit  appropriated  and  expended  prior  to  adoption  of  present 

noject 25,600.00 

WWtsiBoont  expended  on  present  project  to  June  30, 1898 ^t  ^'^'  ^ 
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Money  statement, 

Jnlj  1, 1897,  balance  unexpended $14,548.01 

JnneSO,  ISSNS,  amoant  expended  during  fiscal  year 7,156.59 

July  1, 1898|  balance  unexpended 7,391.i2 


Appropriations  for  improving  Clinton  Biver,  Michigan, 


August  30, 1852 $5,000 

July  11,  1870 5,000 

March  3, 1871 1,500 

March3,  1881 8,000 

August2,  1882 6,000 

Augusts,  1886 6,000 

August  11, 1888 10,000 


September  19,  1890 $10,000 

July  13,  1892 8.5G4: 

August  18,  1894 5,  oca 

June  3,  1896 10,000 

Total 75,06^ 


CONTRACT  IN  FORCE. 


Contract  in  force  with  Edmund  Hall  for  dredging  Clinton  River,  Michigan,  dateA 
May  13,  1897,  approved  May  20,  1897;  date  of  beginuing  work,  June  10,  1897;  dato 
of  expiration,  August  19,  1897.    Completed  September  8, 1897. 


COlfMBRCIAL  STATISTICS,   CLINTON  RIVER,   MICHIGAN,  FOR  CALENDAR  TEAR  ENDDTa 

DECEMBER  31,  1897. 

Entrances  and  clearances. 


Calendar  year. 

Nnmber. 

ToDMge- 

1S96 

420 
420 

15,3X9 

1897 

(a) 



a  Not  stated. 


Vessels  trading  to  port. 


Steamers 

St«am  barges. 
Tow  barges  . . 
SchooDers . . . . 
Soows,  etc — 


Total. 


Deecription. 


Tonnsga- 


1^ 


«rT 


1, 


Beceipts  hy  vessel. 

[Compiled  from  statement  famlahed  by  Mr.  F.  R.  Saatman,  secretary  Chamber  of  Commeroe,  Mohb^ 

Clemens,  Mich.] 

TOBl. 
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L  L  17. 
IMPROVEMENT  OF  DETROIT  RIVER,  MICHIGAN. 

The  shoalest  part  of  the  chanuel  in  this  river  before  improvement 
was  at  the  Lime  £iln  Grossing,  where  the  depth  at  the  ordinary  stages 
of  water  was  13  feet,  while  above  and  below  the  crossing  the  chanuel 
wasobstrncted  by  numerous  shoals,  and  studded  with  bowlders  having 
ouly  15  to  16  feet  of  water  over  them  in  many  instances.  The  work  of 
improvement  was  commenced  in  1874,  and  operations  since  then  under 
the  several  projects  adopted  had  resulted,  to  June  30, 1897,  in  making 
a  channel  20  feet  deep  by  440  feet  wide  at  the  crossing,  and  removing 
obstructions  from  the  channel  above  and  below  to  such  an  extent  as  to 
permit  the  safe  passage  of  vessels  drawing  16^  feet  and  to  make  the 
available  depth  at  most  places  18  feet  or  more.  The  total  estimated 
cost  of  the  original  project  and  its  subsequent  extensions  was  (1,554,500. 
The  Reports  of  the  Chief  of  Engineers  J(pr  1896  and  1897,  pages  2893-2895 
and  3029,  respectively,  outline  the  progress  of  operations  up  to  the  begin- 
ning of  the  last  fiscal  year. 

Operations  during  the- lost  fiscal  year  were  in  continuation  of  a  con- 
tractentered  into  June  12, 1897,  with  Michael  Sullivan,  of  Detroit,  Mich., 
to  improve  the  so-called  Ballards  Keef  Ghannel  by  dredging  and  the 
removal  of  bed  rock  and  bowlders.  Work  was  continued  until  October 
%  1897,  when  the  appropriation  became  exhausted  and  the  contract  was 
dosed.  The  result  of  the  season's  work  was  to  increase  the  navigable 
depth  from  16^  to  18  feet,  and  to  clear  a  considerable  area  of  the  chan- 
nel to  the  full  depth  of  21  feet.  Details  of  operations  are  given  in  the 
following  report  prepared  by  Mr.  Charles  Y.  Dixon,  assistant  engineer 
in  local  charge: 

^lianff  Reef. — ^This  vork  was  continued  until  October  2. 1897,  under  formal  con- 
^idth  Mr.  Michael  Snjlivan,  of  Detroit,  Mich.,  dated  June  12,  1897.  The  work 
jo&sisted  in  drilling  and  blasting  bed  rock  and  laree  bowlders  and  in  removing  the 
olttted  material,  together  with  all  other  material  found  above  the  prescribed  f^rade 
(21  feet);  the  work  of  removal  bein^  done  by  divers  and  loaded  on  derrick  scows  or 
»3  Mging,  as  circumstances  required'.  The  object  in  view  is  to  clear  the  channel 
<»>IlobBtnictions  above  a  depth  of  21  feet  and  for  a  width  of  600  feet. 

Tile  amount  of  material  removed  was  10.855.391  tons.  This  material  was  removed 
^the  east  side  of  the  ran^e  line,  and  also  from  a  bed-rock  shoal  150  feet  wide  and 
'Wfeet  lonj;,  adjacent  to  a  line  300  feet  west  of  the  range  line.  For  the  past  three 
J^^Mias Teasels  have  used  the  west  half  (300  feet)  of  the  channel,  throughout  which 
^^  VM  a  clear  depth  of  18  feet,  with  the  exception  of  the  bed-rook  shoal  here 
isfeired  to,  over  which  there  was  a  least  depth  of  about  16.5  feet.  Much  damage 
^ndone  to  vessels  by  grounding  on  this  shoal,  and  navigation  has  been  greatly  ben- 
efited by  its  removal,  which  was  accomplished  to  21  feet  depth  in  September,  1897. 

Tbe  total  expenditure  to  June  30, 1898,  was  $793,110.41,  of  which 
W2,736.39  were  spent  daring  the  last  fiscal  year. 

^e  completion  of  this  improvement  so  as  to  obtain  a  channel  with 
a  clear  navigable  depth  of  M  feet  and  width  of  600  to  800  feet  accord- 
?g  to  locality,  from  the  head  of  Ballards  Eeef  to  the  month  of  the  river, 
^  of  the  greatest  importance  to  lake  commerce.  The  total  amonnt 
appropriated  for  carrying  on  the  work  under  the  several  projects  since 
^^^  is  1793,000,  and  this  deducted  from  their  total  estimated  cost 
(tl,554,500)  leaves  $7G1,500  as  the  estimated  amount  required  for  their 
completion;  but  it  is  highly  probable  that  it  can  be  done  for  less  if  the 
appropriations  are  such  as  to  admit  of  practically  continuous  work. 

Accurate  statistics  of  the  amount  of  commerce  through  Detroit  River 
are  not  obtainable,  but  it  is  estimated  to  have  included  something  over 
^,000,000  tons  of  freight  during  the  calendar  year  1897. 
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Money  statement. 

July  ly  1897,  balance  anexx>ended $62,73^^59 

June  30, 18SK8,  amonnt  expended  during  fisoal  year 52,73^-^ 


t    harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  ^  1897. 


Appropriations  for  improving  Detroit  River,  MicMgan, 


Jnne  33,1874 $26,000 

June  18, 1878 100,000 

March  3, 1879 50,000 

Jonel4,1880 50,000 

March  3, 1881 50,000 

AugUBt2.1882 60,000 

July  5, 1884 200,000 


August  5, 1886 $37,500 

August  11, 1888 130,600 

July  13,  1892 30,000 

August  18, 1894 30,000 

June  3, 1896 30,000 

Total 793,000 


Seceipts  from  sales  of  ftiel  to  officers,  between  October,  1884,  and  December, 

payi 

^hief  of  Engineers,  1887) 


—  —  —  —    _____  —  —  __-   ______  ______  ___^__  ____________   ______  __^___  _____  ______  ___^^_ 

Sejpayment  of  disallowance  Yonoher  4,  November,  1885  (see  p.  2268,  Report 


$108.41 
2.00 


Total 110.41 


CONTRACT  IN  FORCK. 


Contract  in  force  with  Michael  Sullivan  for  removal  of  bowlders,  ete..  from  Bsl- 
lards  Reef  Channel,  dated  June  12, 1897,  approved  June  29, 1897.  Date  or  beginniog 
work,  Jane  18, 1897 ;  date  of  expiration,  October  18, 1897.    Completed  October  2,  VSfl. 


L  L  z8. 

IMPROVEMENT  OF  ROUGE  RIVER,  MICHIGAN. 

Under  the  provisions  of  the  river  and  harbor  act  of  Angnst  5, 1886, » 
survey  of  this  river  was  made  with  a  view  to*  its  improvement,  and  » 
project  prepared  for  securing  a  channel  depth  of  16  feet,  with  a  widtli. 
of  240  feet  for  a  distance  of  800  feet  from  tlie  month,  and  thence  witli 
a  width  of  100  feet  to  the  Wabasli  Kailroad  bridge,  about  2|  mileft 
farther  up;  the  estimated  cost  was  $31,690.39.  At  the  time  of  8arve.r 
this  portion  of  the  river  had  a  natural  channel  from  10  to  17  feet  deep^ 
with  a  general  width  of  about  175  feet.  The  work  of  improvement  wa» 
commenced  in  1888  and  c3om[)leted  in  November,  1892. 

No  work  has  been  done  on  the  river  since  18*.)2,  but  under  the  provi- 
sions of  the  river  and  harbor  act  of  June  3, 1896,  the  section  of  river 
heretofore  improved  was  examined  in  May,  1897,  and  survey  made  for 
estimating  the  cost  of  extending  the  original  improvement  about  8,000 
feet  farther  up  stream. 

The  total  expenditure  for  the  improvement  of  this  river  to  June  30, 
1898,  was  $32,188.45,  of  which  $394  were  expended  during  the  last 
fiscal  year. 

The  result  of  the  examination  and  survey  above  referred  to  were 
submitted  in  a  special  report  dated  November  20, 1897,  and  printed  aa 
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Hoase  Doc.  Ko.  138,  Fifty-fifth  Congress,  second  session.    It  is  also 
rabmitted  herewith  as  Api)endix  L  L  22. 

The  balance  of  funds  available  is  sufficient  to  maintain  the  improve- 
ment heretofore  authorized,  and  for  this  reason  no  additional  estimate 
is  submitted  for  that  purpose  for  1900. 

The  rirer  is  in  the  ooUection  diBtriot  of  Detroit,  Mich.,  which  city  is  the  port  of 
eotry.    The  nearest  light-honse  is  abont  5  miles  distant,  at  Grassy  Island. 

Original  estimated  cost  of  the  work,  1887 $31,690.39 

Whole  amoont  expended  to  Jane  30, 1898 32,188.45 

Money  statement. 

Jnly  1, 1897.  balance  nnexi>ended $9,895.55 

Jime  30, 18SKB,  amoant  expended  daring  fiscal  year 394.00 

Ji4y  1«  1896y  balance  onexpended 9,501.56 


Appropriations  for  improving  Rouge  River,  Michigan, 

Asgwtll,  1888 $10,000 

September  19,  IH90 10,000 

JslylS,  1892 11,690 

AagostlS,  1894 5,000 

Jones,  1896 5,000 

Total 41,690 


Vessels  trading  to  port:  12  steamers,  42  steam  barges,  31  tow  barges,  42  schooners, 
aod  136  scows,  sloops,  etc. 

Reeeipte  and  shipmente  by  veeeel. 

[CoBpOed  fireoi  ■tateraent  famished  by  ICr.  W.  W.  Kelly,  Mcretary  Delta  Lumber  Comiwoy,  Detroit, 

liich.] 


Artides  reeelTed. 


Oedir  poete.  telegnpb  polee,  etc 

!-•«« 

Lmsber 

Pttlp  wood...  ••.••...  ........... 

Total 


Tons. 


8,922 
43,750 
61,345 
11,970 


115,987 


Articles  shipped. 


Lumber 

Salt 

Slabs,  headiDgs,  etc 
Sodaaeh 

Total 


Tons. 


8,eoo 

225 

561 

5,000 


0,386 


L  L  zg. 

CONSTRUCTION  OF  TURNING  BASIN  IN  ROUGE  RIVER,  MICHIGAN. 

No  work  has  been  done  nor  expenditure  made  on  account  of  this  pro- 
posed improvement,  and  everything  relating  to  it  remains  precisely  as 
stated  in  my  last  annnal  report,  viz: 

The  rivdr  and  harbor  act  of  September  19, 1890,  caUed  for  an  estimate  for  "locating 
and  eoDBtraoting  basin  in  said  (Kouge)  river  at  a  point  on  the  same  within  4  miles 
of  its  Junction  with  the  Detroit  River,  convenient  for  the  taming  and  anchoring  of 
vessels.''  Snch  estimate  was  snbmitted  by  Col.  O.  M.  Poe,  Corps  of  Engineers,  in  a 
report  dated  December  20,  1890,  as  follows:  Three  acres  of  land  for  site,  at  $1,500, 
$4,500;  74,047  cnbic  yards  excavation,  at  15  cents,  $11,111.10;  total,  $15,611.10. 

The  next  river  and  harbor  act,  approved  July  13,  1892,  appropriated  $5,000  for 
acquisition  of  land  and  beginning  constrnction,  according  to  the  foregoing  project. 
Tbe  appropriation  has  been  found  too  small  for  purchasing  the  land  needed,  and 
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ordingly  no  work  has  yet  been  done  or  expenditnre  made  in  relation  to  the  pro- 
ed  improvement.- 

t  is  doubtful  whether  the  construction  of  the  proposed  basin  will  be  really  neoen- 
V,  for  private  parties  have  already  oonstracted  slips  opening  into  the  river  (and 
ers  will  nudonbtedly  follow)  that  will  supply  opeuinss  opposite  which  vesiwls 
1  in  all  probability  be  able  to  find  turning  room.  If,  however,  the  plan  of  con- 
loting  a  turning  basin  is  to  be  adhered  to,  work  should  not  be  commenced  nntil 
the  money  required  to  eomplete  it  has  been  appropriated;  in  this  case  an  sddi- 
lal  appropriation  of  $10,500  should  be  made,  as  indicated  in  the  estimate  snbmit- 
below.  But  it  is  suggested  that  the  scheme  be  abandoned,  for  the  present  at 
it,  and  the  money  already  appropriated  be  made  available  for  general  dredging 
'he  Ronge  River. 

[  know  of  no  better  way  of  disposing  of  this  matter  than  to  follow 
)  suggestion  contained  in  the  closing  paragraph  of  the  foregoing 
otation. 

propriation  for  eonstniotion  of  tnming  basin  in  Ronge  River,  Miohi- 

an,  July  18, 1892 16,000.00 

ginal  estimated  cost  of  the  work,  1890 15,611.10 

Money  statement, 

y  1, 1897,  balance  nnezpended $5,000.00 

y  1, 1898,  balance  unexpended 5,000.00 

jnonnt  (estimated)  reqnired  for  completion  of  existing  project 10, 611. 10 

^monnt  that  can  beprontabljr  expended  in  liscai  yoarending  JuueSO,  1900    15, 500.00 
ubmitted  in  compliance  with  reouiremente  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  oivil  act  of  June  1, 1897. 


L  L  20. 


RVEY  OF  SAGINAW,  SHIAWASSEE,  BAD,  AND  FLINT  RIVERS,  MICHIGAN. 
[Printed  in  Houm  Doo.  No.  135,  Fifty-flfth  Congress,  aeoond  Msslon.] 

Office  of  the  Ohibf  of  Engineers, 

United  States  Army, 
Washington^  D.  0.,  December  6^  1897, 


<Sf       f 
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Saginaw  River, — ^This  river  is  now  being  improved  by  the  United 
States  under  a  project,  adopted  in  1882,  which  provides  for  making  a 
channel  200  feet  wide,  14  feet  deep  from  Saginaw  Bay  to  Bay  Gity,  and 
12  feet  deep  thence  to  Saginaw. 

The  improvement  suggested  by  the  act  contemplates  channels  2  feet 
deeper  than  those  provided  for  in  existing  project  and  an  extension  of 
operations  2^  miles  farther  npstream  than  any  work  thus  far  done,  esti- 
mated by  Lieutenant-Colonel  Lydecker  to  cost,  for  the  main  channel, 
$452,d25,  and  for  the  west  channel,  between  Middle  Ground  and  West 
Bay  City,  929,700 ;  in  all,  $482,625.  Lieutenant-Colonel  Lydecker  adds, 
however,  that  the  improvement  could  not  be  completed  on  this  esti- 
mate except  with  large  appropriations,  admitting  of  continuous  work, 
and  that  subsequent  maintenance  will  cost  at  least  (15,000  annually. 

Shiawassee  and  Bad  rivers, — The  projects  proposed  for  these  streams 
provide  for  dredging  a  channel  50  feet  wide  and  6  feet  deep  in  Shiawas- 
see River  from  Saginaw  Biver  to  Bad  Biver,  and  up  Bad  Biver  to  the 
village  of  St.  Charles,  estimated  to  cost  $21,000,  but  Lieutenant-Colo- 
nel Lydecker  states  that  a  temporary  improvement  that  would  meet  the 
immediate  requirements  of  navigation  within  the  proposed  limits 
could  probably  be  made  with  an  expenditure  of  $5,000,  resulting  in  a 
navigable  depth  of  about  5  feet. 

Flint  River. — ^The  improvement  of  this  stream  ^'  as  far  as  practica- 
ble" from  its  mouth,  a  distance  of  about  4  miles,  by  dredging  a  chan- 
nel 50  feet  wide  and  6  feet  deep  wHl  cost,  as  estimated  by  Lieutenant- 
Colonel  Lydecker,  $15,000. 

Section  9  of  the  act  of  June  3, 1896,  also  provides  for  a  survey  of 
Saginaw  Biver,  and  the  report  and  estimate  above  given  are  intended 
to  comply  with  the  requirements  of  this  section  as  well  as  those  of 
section  1. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  Engineers^ 

tf.  8.  Army. 
Hon*  B.  A.  Algeb, 

Secretary  of  War. 


sepobt  of  lieut.  ool.  g.  j.  ltdeckeb,  oobps  of  enaineebs. 

United  States  Engineeb  Office, 

Detroit  J  Mich.j  November  22, 1897. 

Genebal:  In  accordance  with  instructions  contained  in  Department 
letter  of  July  24, 1S96, 1  have  to  submit  report  on  the  following  require- 
ments of  the  river  and  harbor  act  of  June  3,  1896 : 

The  Secretary  of  War  is  hereby  directed  to  cause  surveys  to  be  made  and  estimates 
of  ihe  coet  of  improvement  of  the  Saginaw  River  from  its  head  to  a  point  in  Saginaw 
Hay,  with  a  view  of  securing  a  channel  two  hundred  feet  wide  and  an  increase  in 
tlepth  to  fourteen  feet  from  tbe  head  of  the  river  to  the  Third  Street  Bridge,  so  called, 
in  Bay  City,  thence  of  the  same  width  to  Saginaw  Bay  with  a  view  to  securing  an 
inco-eaBe  of  the  depth  of  the  channel  to  sixteen  feet;  also  to  submit  plans  and  esti- 
loatea  for  improving  the  west  channel  of  the  Saginaw  River  between  the  Middle 
Ground  and  West  Bay  City  with  a  view  to  securing  a  depth  of  said  channel  to  four- 
teen feet;  also  to  improve  the  Shiawassee  River  from  the  Saginaw  River  to  the  Bad 
Hirer;  Bad  River  to  the  village  of  Saint  Charles,  and  the  Flint  River  from  the 
Shiawassee  as  far  as  practicable,  to  such  an  extent  as  will  afford  a  reliable  navigation 
for  light-draft  boats  between  Saginaw  lUver  and  the  village  of  Saint  Charles  and  on 
the  Flint  River  as  for  as  practicable. 
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The  Saginaw  Biver  having  been  surveyed  in  1895,  it  was  not  consid- 
ered necessiEiiry  for  the  purposes  of  the  act  to  make  a  new  survey  of  this 
stream,  and  field  work  was  therefore  confined  to  the  Shiawassee,  Bad, 
and  Flint  rivers;  this  was  done  during  the  winter  of  1896-97,  soundings 
being  taken  through  the  ice.  The  results  of  the  surveys  are  shown  in 
the  ten  tracings,*  which  are  forwarded  with  this  report  in  a  separate 
roU. 

Saginaw  Biver, — ^Work  for  improving  the  Saginaw  Biver  from  the 
bay  to  the  city  of  Saginaw  has  been  in  progress  since  1867,  and  a  sum- 
mary of  results  is  given  in  the  Annual  Beport  of  the  Chief  of  Engineers, 
United  States  Army,  for  the  year  ending  June  30, 1897.t  The  project 
under  which  operations  have  been  carried  on  since  1882  has  had  for  its 
object  the  making  of  a  channel  200  feet  wide,  14  feet  deep,  from  Saginaw 
Bay  to  Bay  City,  and  12  feet  deep  from  there  to  Saginaw.  The  scheme 
of  improvement  now  suggested  contemplates  channels  2  feet  deeper,and 
an  extension  of  operations  about  2^  miles  farther  upstream  than  any 
work  thus  far  done.  Experience  shows  the  improved  channds  below 
Bay  City  to  have  had  a  fair  degree  of  permanence,  but  those  above  that 
point  much  less  so.  This  is  in  a  measure  due  to  the  fact  that  it  has  not 
been  possible,  with  the  money  appropriated,  to  complete  any  of  the 
channels  above  Bay  City  to  the  full  width  of  200  feet,  nor  to  half  that 
width  in  most  places.  .  But  even  if  all  had  been  promptly  dredged  to 
the  width  called  for  by  the  project  of  improvement,  it  is  quite  certain 
that  a  large  amount  of  dredging  would  have  been  required  annually  to 
maintain  them. 

The  estimated  cost  of  improving  the  river  as  now  suggested  in  the 
river  and  harbor  act  of  June  3,  1896,  is  8452,925  for  the  main  channel 
of  the  river,  and  $29,700  for  the  west  channel  at  West  Bay  City;  in  all, 
$482,625.  The  details  of  this  estimate  were  prepared  under  the  imme- 
diate directions  of  Lieut.  James  F.  Mclndoe,  Corps  of  Engineers,  and 
copy  of  his  report  is  submitted  herewith.  It  is  proper  to  add  that  the 
improvement  could  not  be  completed  on  this  estimate  except  with  large 
appropriations,  admitting  of  continuous  work,  and  that  the  subsequent 
maintenance  would  probably  call  for  an  annual  expenditure  of  $15,000 
at  least 

Shiawassee  and  Bad  rivers, — Preliminary  examinations  of  these 
streams  were  made  in  1894,  and  my  report  thereon  is  printed  in  House 
Ex.  Doc.  No.  232,  Fifty- third  Congress,  third  session ;  also  in  the  report 
of  the  Chief  of  Engineers,  United  States  Army,  for  1895,  pages  2852- 
2853.  The  conclusion  expressed  in  that  report  was  that  these  streams 
are  worthy  of  improvement  to  such  extent  as  will  afford  a  reliable  navi- 
gation for  light-draft  boats  between  the  village  of  St.  Charles,  on  the 
Bad  Biver,  and  Saginaw,  at  the  mouth  of  the  Shiawassee. 

The  estimated  cost  of  this  improvement,  based  on  dredging  a  channel 
50  feet  wide  and  6  feet  deep,  is  $21,000  in  round  numbers,  as  detailed 
in  Lieutenant  Mclndoe's  report,  which  is  transmitted  herewith.  A 
temporary  improvement  that  would  meet  the  immediate  requiremefits 
of  navigation  within  the  proposed  limits  could  probably  be  made  with 
an  expenditure  of  $5,000.  The  resulting  navigable  depth  would  be 
about  5  feet. 

Flint  Biver, — In  my  report  on  the  preliminary  examination  of  this 
stream  the  opinion  was  expressed  that  it  was  not  worthy  of  improve- 
ment. This  report  is  published  in  House  Ex.  Doc.  No.  232,  Fifty-third 
Congress,  third  session,  and  in  the  Beport  of  the  Chief  of  Engineers  for 
1895,  page  2853. 

•  Only  three  maps  printed.  t  Page  3019. 
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The  estimated  cost  of  improying  it,  ^<  as  far  as  practicable,"  from  its 
month,  a  distance  of  about  4  miles,  by  dredging  a  channel  50  feet  wide 
and  6  feet  deep,  is  $15,000  in  ronnd  nnmbers. 
Very  respectfully,  your  obedient  servant, 

O.  J.  Lydboker, 
Lieut.  OoUj  Carps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.S.  A. 


BXPOST  OF  FIB8T  UXUT.  J.  F.  M'IKDOS,  CORPS  OF  SNGINnBRS. 

Unttsd  States  Engineer  Office, 

Detroit,  Mioh.^  August  £7,  1897. 

Colonel:  I  have  the  honor  to  transmit  herewith  detailed  estimates  of  the  ooet  of 
improTlng  the  Saginaw,  Bad,  Flint,  and  Shiawassee  rivers,  as  ealled  for  hy  act  of 
Cmkooaa  Jnne  3, 1S96.  These  estimates  were  prepared  nnder  my  direction  by  Assist- 
ant Engineer  B.  H.  Mnehle,  and  are  based  on  surveys  made  in  January  and  Febm- 
aiy,  IS^. 

In  anmmarisingf  the  estimates,  I  have  reduced  the  cost  of  the  Saginaw  River 
improvement,  believing  that  snch  reduction  conld  be  safely  madejand  I  have  added 
some  general  notes  on  the  tributary  streams. 

(/)  ^So^fiaio  BkferJ^rom  ii9  head  to  a  point  on  Saginaw  Bay. 

(a)  Dredging  a  ehannel  200  feet  wide  and  14  feet  deep  from  head  of  river 
to  Third  Street  Bridge,  1,236,000  cubic  yards,  scow  measure,  at  30  cents. .  $370, 500 

(>)  Dredging  a  channel  200  feet  wide  and  16  feet  deep  from  Third  Street 
Bridge  to  Saginaw  Bay,  165,000  cubic  yards,  scow  measure,  at  25  cents. .      41, 250 

Total  for  dredging 411,750 

Add  10  per  cent  for  contingencies 41,175 

Total  estimated  cost  of  improvement 452,926 

(f)  Wmi  ekann^Lf  Saginaw  River,  Miomii  Middle  Ground  and  Weet  Bay  City. 

Dndging  a  ehannel  75  feet  wide  and  14  feet  deep,  90,000  cubic  yards,  scow 

meaeore,  at  30  cents $27,000 

10  per  eent  for  contingencies 2,700 

Total  estimated  cost  of  improvement 29, 700 

(5)  Shiawaeeee  Biieerfrom  the  Saginaw  River  to  ike  Bad  River, 


\,  9.4  miles.  Except  for  a  short  distance  in  the  upper  jpart  of  its  course  the 
fiUawasaee  flows  through  low  and  marshy  land.  From  Saginaw  River  to  Lake 
Shiawaeeee  (9,230  feet)  »  has  a  width  of  about  300  feet  aud  a  least  depth  of  about 
8  feet  in  the  ehannel,  except  in  one  place,  where  there  is  a  depth  of  less  than  6  feet. 
Shiawaeeee  Lake  is  13,800  feet  long  and  from  350  to  2,000  feet  wide.  Through  it  the 
rivw  meanders,  the  depth  in  some  places  being  less  than  4  feet.  From  the  head  of 
tile  lake  to  tiie  mouth  of  the  Flint  River,  a  distance  of  7,200  feet,  the  Shiawassee 
has  a  width  of  100  to  200  feet,  the  least  depth  being  5  feet.  Between  the  month  of 
the  Flint  and  the  Bad  River,  a  distance  of  19,400  feet,  the  Shiawassee  has  a  width 
of  from  50  to  100  feet.  In  this  stretch  the  river  is  very  crooked,  and  there  are  many 
shmde  upon  which  there  is  a  depth  of  less  than  4  feet.  Most  of  the  dredgin;;  to  pro- 
vide a  channel  6  feet  deep  and  50  feet  wide  in  the  Shiawassee  River  would  be  conmied 
to  Uiie  section,  and  the  material  would  probablv  have  to  be  turned  over,  as  the  limits 
of  the  channel  would  scarcely  allow  the  use  of  scows. 
The  estimate  is  as  follows : 

Diedginc  a  channel  60  feet  wide  and  6  feet  deep  in  the  Shiawassee  River 
from  the  Saginaw  River  to  the  Bad  River,  94,600  cubic  yards,  scow  meas- 
me,  at  20  cents $18,900 

Add  10  per  eent  for  oontingencies 1,890 

Total  ssfc&suitod  cost  of  improyement ..•.••• 20,790 
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(4)  Bad  River  to  the  village  of  St.  CharUe^disianee  S.7  miles. 

The  cbarftcteristios  of  the  Bad  River  are  very  different  from  thoee  of  the  Shiawas- 
see. It  flows  throuf^h  a  wooded  country ,  has' a  width  of  150  to  200  feet,  and  in  its 
present  condition  there  are  only  two  places  where  dredging  is  needed  to  obtain  a 
channel  depth  of  6  feet.  Considered  by  itself,  a  channel  at  least  10  feet  deep  could 
be  obtained  by  the  expenditure  of  a  very  small  appropriation.  However,  since  it  is 
a  tributary  of  the  Shiawassee^  its  improvement  is  limited  to  what  is  possible  on  the 
latter  stream.  For  this  reason  an  estimate  is  submitted  for  a  channel  of  the  same 
depth  and  width  as  the  Shiawassee. 

Dredging  a  channel  «50  feet  wide  and  6  feet  deep  in  the  Bad  River  to  the  Tillage 

of  St  Charles,  1,000  cubic  yards,  scow  measure,  at  20  cents $200 

Add  10  per  cent  for  contingencies 20 

Total  estimated  cost  of  the  improvement 220 

The  dredging  needed  in  the  Bad  River  is  near  its  junction  with  the  Shiawassee 
and  must  be  done  in  connection  with  dredging  the  latter  to  allow  the  above  low 
estimated  cost. 

(6)  Flint  Biver  as  far  as  praetieiible. 

In  the  report  on  the  preliminary  examination  of  this  river  it  was  stated  that  it 
was  not  worthy  of  improvement.    The  following  estimate  is  presented: 

Dredging  in  Flint  River,  from  its  mouth  4  miles  upstream,  a  channel  50  feet 

wide  and  6  feet  deep,  68,400  cubic  yards,  scow  measure,  at  20  cents $13, 680 

Add  10  per  cent  for  contingencies 1,368 

Total  estimated  cost  of  improvement 15,048 

Respectfully  submitted. 

J.  F.  MclNDOE, 
lirsi  Lieut.,  Corps  qf  Engineers, 

Lieut.  Col.  G.  J.  Lydkckkr, 

Carps  of  Engineers,  U.  8.  A. 


L  L  21. 


ESTIMATE  OF  COST  OF  IMPROVEMENT  OF  SAGINAW  RIVER,  MICHIGAN, 
FROM  ITS  HEAD  TO  A  POINT  IN  SAGINAW  BAY. 

[Printed  in  Senate  Doo.  No.  218,  Fifty-fifth  Congress,  seoond  session.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 

Washington,  March  24, 1898. 

Sir:  I  have  the  honor  to  acknowledge  reference  to  this  office  of 
resolution  of  the  United  States  Senate  of  March  22,  1898,  directing 
the  Secretary  of  War — 

to  inform  the  Senate  as  to  the  cost  of  improving  the  Saojinaw  River  from  its  head  to 
a  poiut  in  Saginaw  Bay,  with  a  view  of  secnrin^  a  channel  150  feet  wide  and  an 
increase  of  depth  to  16  leet  from  the  head  of  the  river  to  the  Third  Street  Bridge  in 
Bay  City;  thence  a  channel  200  feet  in  width  to  the  Saginaw  Bay,  with  an  increase 
of  depth  of  the  channel  to  16  feet,  said  estimate  to  be  based  on  the  survey  made 
pursuant  to  the  river  and  harbor  act  of  1896. 

In  returning  herewith  the  above  mentioned  resolution  of  the  Senate 
I  have  to  state  that  the  coat  of  securing  a  channel  of  the  dimensions 
specified  between  the  points  named  is  estimated  by  Lieut.  Col.  G.  J- 
Lydecker,  Corps  of  Engineers,  the  local  officer  in  charge  of  improve- 
ment 01  Saginaw  llivei*,  to  be  $760,000  if  the  work  is  done  under  con— 
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iuning  contract,  and  he  states  that  the  cost  by  any  other  method  will 
»e  moch  greater  and  wholly  indetinite. 

While  the  resolution  referred  to  this  office  is  not  such  as  is  required 
y  the  provisions  of  section  4  of  the  river  and  harbor  act  of  June  3, 
$96,  which  contemplates  a  concurrent  resolution  in  such  cases,  it  may 
3  proper  to  remark  that  a  concurrent  resolution  identical  in  language 
ith  this  has  passed  the  Senate  and  was  received  in  the  House  from 
le  Senate  March  21  and  referred  to  the  Committee  on  Rivers  and 
arbors.  (See  Congressional  Record,  No.  73,  pp.  3397  and  3398.) 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.,  Chief  of  Engineer 8^ 

U.  8.  Army. 
Hon*  K«  A.  Algeb, 

Secretary  of  War. 


L  L  22. 


UBVEY  OF  ROUGE  RIVER,  MICHIGAN,  FROM  WABASH  BRIDGE  CROSSING 

TO  MAPLES  ROAD. 

(Printed  In  House  Doo.  No.  138,  Fifty-flflh  Congresa,  second  session.] 

Office  op  the  Chief  op  Engineers, 

United  States  Army, 
WaMngtoUj  D,  0.,  December  6',  1897. 

Sir:  I  have  the  honor  to  submit  the  accompanying  copy  of  report, 
^ted  November  20, 181)7,  with  map,*  by  Lieut.  Col.  G.  J.  Lydecker,  Corps 
of  Engineers,  upon  a  survey  of  Kouge  Eiver,  Michigan,  from  Wabash 
Bridge  crossing  to  Maples  Road,  with  a  view  of  obtaining  a  16-foot  depth 
of  water,  made  to  comply  with  the  provisions  of  the  river  and  harbor  act 
of  Junes,  1896. 

1^0  preliminary  examination  of  this  section  of  the  river,  with  a  view 
to  improvement  as  above  outlined,  has  ever  been  made  by  this  office. 

The  cost  of  dredging  a  channel  75  feet  wide  and  16  feet  deep  is 
estimated  at  $r»3,(>00. 

Lieutenant-Colonel  Lydecker  states  that  the  only  industrial  establish- 
ment at  present  on  this  part  of  the  stream  is  the  Detroit  Sidt  Company's 
works,  located  near  its  upper  e^d,  and,  as  the  draft  which  vessels  can 
now  carry  from  the  month  of  the  river  to  the  Wabash  crossing  is  only 
about  13  feet,  in  his  opinion  the  dredging  of  the  shoaler  portions  in  the 
apper  part  to  such  an  extent  only  as  would  enable  vessels  that  can  now 
reach  the  Wabash  crossing  to  get  through  to  the  salt  works  might 
meet  all  present  requirements. 
The  cost  of  such  dredging  is  estimated  at  $5,000. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  Engineers^ 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 

Not  zeprinted.     Friiited  in  House  Doo.  No.  138,  Fifty-fifth  Congress,  second 
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sspobt  of  lieut.  col.  g.  j.  lydeokeby  oobps  of  bnginbebs. 

United  States  Enoineeb  Offigb^ 

Detroitj  Mick.j  Noveniber  20, 1897. 

General  :  I  have  the  honor  to  sabmit  the  following  report  on  a  sar- 
vey  of  the  '^Boage  Eiver,  Michigan,  from  Wabash  Bridge  crossing  to 
Maples  Boad,"  made  pursuant  to  instructions  from  the  office  of  the  Chief 
of  Engineers,  United  States  Army,  to  comply  with  the  river  and  harbor 
act  of  June  3, 1896.  A  tracing  of  map  of  the  survey  is  forwarded  in  a 
separate  roll. 

The  Wabash  crossing  is  about  2f  miles  above  the  mouth  of  the  river, 
and  this  i)ortion  of  the  stream  was  improved  by  dredging  a  central 
channel  1<5  feet  deep,  100  feet  wide.  This  was  done  between  1888  and 
1892,  and  since  then  the  dredged  channel  has  shoaled,  so  that  the  drait 
which  vessels  can  now  carry  through  it  is  reduced  to  about  13  feet. 

The  distance  from  the  Wabash  crossing  to  Maples  Boad  is  about  1} 
miles,  and  in  this  distance  there  are  three  quite  sharp  turns;  the  width 
between  banks  varies  from  130  to  150  feet,  and  the  general  depth  in 
mid-channel  from  10  to  13  feet.  Within  these  limits  the  river  is  spanned 
by  two  wooden  bridges;  one,  at  Fort  street,  has  a  narrow  draw  open- 
ing; the  other,  at  Dix  avenue,  has  no  draw  or  other  opening  for  the 
passage  of  vessels. 

The  act  calls  for  the  estimated  cost  of  improving  the  specified  section 
of  river  to  a  depth  of  16  feet,  but  does  not  indicate  any  width  for  the 
improved  channel.  The  cost  will,  of  course,  increase  with  the  width, 
and  the  local  conditions  are  such  that  this  increase  would  be  very  rapid 
for  widths  exceeding  75  feet.  Assuming,  then,  that  the  channel  is  to 
be  75  feet  wide  and  16  feet  deep,  the  amount  of  material  to  be  dredged 
will  be,  in  round  numbers,  120,000  cubic  yards,  bed  measure.  The  cost 
of  excavating  and  properly  disposing  of  this  material  by  the  ordinary 
dredges  used  in  this  section  of  the  country  may  be  taken  at  25  cents 
per  cubic  yard.  The  estimated  cost  of  the  improvement  would  therefore 
be  $33,000,  as  follows: 

Dredging  120,000  oubic  yards,  bed  measure,  at  25  cents $!I0, 000 

Add  10  per  cent  for  contingencies 3,000 

Total 33,000 

No  preliminary  examination  of  this  section,  or  opinion  as  to  the 
worthiness  of  improving  it,  has  been  called  for  by  Congress,  and  there- 
fore no  opinion  in  that  respect  is  submitted.  But  it  seems  proper  to 
state  that  the  only  industrial  establishment  at  preseut  on  this  part  of 
the  stream  is  the  Detroit  Salt  Company's  works,  located  near  its  upper 
end.  Oopy  of  letter  sent  to  me  by  the  president  of  the  company  is 
herewith. 

Considering  all  the  facts  in  the  case,  I  venture  to  suggest  that  instead 
of  a  radical  improvement,  at  a  cost  of  approximately  $35,000,  a  less 
extensive  scheme  might  meet  all  present  requirements.  This  would  he 
to  dredge  the  shoaler  portions  to  such  extent  only  as  would  enable 
vessels  that  can  now  reach  the  Wabash  crossing  to  get  through  to  the 
salt  works.  This  could  probably  be  done  at  a  cost  of  about  $5,000. 
Very  respectfully,  your  obedient  servant, 

O.  J.  Lydeokeb, 
Lieut  OoLj  Corps  qfJEnginear$. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  V.  8.  A* 
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uettkb  of  thb  dbtboit  salt  company. 

Detroit  Salt  CompanT| 
Detroit,  Afioh.,  June  4, 1897. 

Dbak  Sir:  We  are  advised  that  yoa  have  completed  the  survey  of  the  River  Rouge 
to  a  point  above  oar  plant,  in  accordance  with  an  act  of  Congress  which  made  an 
appropriation  for  that  purpose.  Inasmuch  as  we  are  located  the  farthest  up  the 
B^Dge  River,  we  deem  it  advisable  to  write  you  in  regard  to  our  claim  for  an  addi- 
tiooal  appropriation  for  the  deepening  of  the  channel  of  this  river.  At  present  we 
are  maoafacturing  at  this  point  200,000  barrels  of  salt  per  annniu,  and  are  limited  to 
the  territory  we  reach  by  railroads  on  account  of  our  inability  to  get  boats  to  onr 
plant. 

At  the  time  we  located  at  this  point,  some  two  years  ago,  we  were  advised  that 
the  river  had  already  been  dredged  to  the  Wabash  Railroad,  and  that  an  appropria- 
tion had  alreadv  been  made  for  a  tnrning  basin  above  our  plant,  and  that  it  was 
only  a  matter  of  a  short  time  when  this  would  be  completed.  There  is  no  question 
that  this  entire  territory  is  destined  to  be  a  large  manufacturing  district  and  will 
require  water  navigation;  already  there  is  a  project  on  foot  for  the  location  of  a  salt 
mine  a  short  distance  from  our  works,  with  a  capacity  of  300  tons  per  day.  The  ]pro- 
jeetora  of  this  enterprise  have  been  assured  that  the  Rouge  would  be  dredged  with- 
out a  doubt,  and,  as  we  shall  likely  be  interested  in  this  mine,  we  are  doubly  inter- 
ested in  the  opening  of  this  river  to  navigation  again,  it  having  at  one  time  been 
navigated  as  far  as  the  town  of  Dearborn. 

We  already  have  onr  slip  dredged  ready  for  boats  as  soon  as  we  can  get  them  to 
our  docks. 

Verv  tmly,  Tonm,  Dktkoit  Salt  Co., 

Per  J.  M.  M. 

Col.  G.  J.  Lydeckkb. 


L  L  23. 

establishment  of  harbor  lines  in  st.  clair  river  at  port 

huron,  mich. 

Mayor's  Office, 

Port  Hurofij  Mich.^  August  28^  1896. 

Dear  Sib:  The  city  of  Port  Huron  respectfally  requests  authority 

firom  your  Department  for  the  construction  of  a  dock  in  front  of  its 

property  at  the  foot  of  Butler  street,  on  the  bank  of  St.  Glair  Eiver,  in 

aeoordance  with  the  drawings  hereto  annexed. 

•  •••••• 

We  would  also  further  request  that  your  Department  establish  and 
permanently  fix  a  dock  line  along  the  St.  Clair  liiver  in  front  of  the 
city  of  Port  Huron,  in  accordance  with  the  plan  herewith  submitted,  or 
as  near  thereto  as  may  be  found  best  after  an  investigation  thereof. 
If  this  could  be  done  by  your  Department  it  would  prevent  hereafter 
any  contention  as  to  the  construction  or  extension  of  docks  along  the 
river  front. 

Very  truly,  yours,  N.  S.  Boynton, 


The  Seobbtaby  of  Wab. 

[Second  taidonement.] 


Mayor* 


Office  Chief  of  Enoineebs, 

U.  S.  Abmy, 
November  10, 1896. 

Bespectftally  referred  to  Ideut.  Col.  O.  J.  Lydecker,  Corps  of  Engi- 
neers, for  report. 
To  be  returned.  A.  Mackenzie, 

Acting  Chief  of  Engineen. 
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[Third  indortienient.] 

U.  S.  Engineer  Office, 
Betroity  Mich.,  November  21j  1896. 

Eespectfally  retarned  to  the  Chief  of  Engineers,  United  State^^ 

Army. 

•  •  •  •  •  •  • 

It  is  desirable  that  a  limiting  dock  line  along  the  city  front  of  Po 
Huron  be  established,  and  that  indicated  on  the  tracing  may  be  four^ 
to  be  a  satisfactory  one;  but  the  matter  can  not  be  determined  un€: 
more  full  examination  than  is  practicable  at  this  season.     I  therefo 
recommend  tbat  final  a<;tion  respecting  the  dock  line  be  deferred  nn 
next  spring,  when  we  will  have  other  work  in  progress  in  that  localit:^ 
and  all  necessary  investigation  can  be  better  and  much  more  econo 
ically  made. 

Or.  J.  LTDECKER, 

Lieut  CoUj  Corps  of  JEngineeri^ 

[Eighth  indorsement.] 

Office  Chief  of  Engineers, 

TJ.  S.  Army, 

July  J28y  1897^^ 

Respectfully  returned  to  the  Secretary  of  War. 

The  city  of  Port.  Huron,  Mich.,  has  requested  that  a  dock  line 
established  by  the  Secretary  of  War  along  the  city  front  on  St.  Olfifclr 
Eiver,  and  attention  is  invited  to  the  fourth  indorsement  hereon,  'M.n 
which  it  was  recommended  that  final  action  in  the  matter  be  deferr^^ 
until  the  necessary  iavestigatiou  could  be  better  and  more  economicaUj 
made. 

In  a  report  of  the  20th  instant  herewith,  Lieutenant-Colonel  Lydeclc^r 
states  that  a  full  examination  of  the  locality  has  been  made,  and  recoKA- 
mends  that  the  line  shown  in  red  on  the  accompanying  tracing*  ^^ 
adopted  as  the  harbor  line  along  that  part  of  the  river. 

It  is  recommended  that  the  line  selected  be  approved  as  a  pierhe^ 
line,  and  that  the  Secretary  place  his  approval  both  upon  this  paper  bM^^ 
upon  the  chart  submitted,  which  has  been  prepared  for  bis  signature* 

A.  Mackenzie, 
Acting  Chief  of  Engineers^ 

[Ninth  Indorsement.] 

War  Department, 

September  16j  189T^ 

Approved  as  recommended  by  the  Chief  of  Engineers. 

B.  A.  Alger, 

Secretary  of  Wair^ 
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United  States  Engineer  Office, 

Betrdtj  Mieh.^  July  20j  1897. 

Oeneral:  Beferring  to  my  indorsement  dated  November  21, 189^f 
upon  application  of  city  of  Port  Huron  to  establish  a  limiting  dockliD^ 

*Not  printed. 
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along  the  city  front  in  St.  Glair  Biver.  referred  to  me  for  report,  I  have 
the  honor  to  state  that  I  have  recently  had  foil  examination  made  of 
the  locality,  and,  as  a  resnlt  of  this  examination  and  personal  observa- 
tiou,  I  now  recommend  that  the  dock  line  shown  in  red  on  the  tracing 
submitted  with  above  application  and  retnmed  to  the  Department 
November  21, 1896,  be  formally  adopted  as  the  harbor  line  along  that 
part  of  the  river. 

Very  respectfdUyy  yonr  obedient  servant, 

O.  J.  Lydeokrb, 
Lieuk  OoLj  Carps  of  Engiheen. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8,  A^ 

XlYG  98 ^164 
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APPENDIX  M  M. 


MPEOYEMENT  OP  KIVER8  AND  HARBORS  ON  LAKE  ERIE  WEST  OP 

ERIE,  PENNSYLVANIA. 


'PORT  OF  COL.  J  ABED  A.  SMITH,  CORPS  OF  ENGINEERS,  OFFICER  IN 
'SARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  SO,  1898,  WITH  OTHER 
DOCUMENTS  RELATING  TO  THE  WORKS. 


IMPBOVSMENTS. 


^ooroe  Harbor,  Michigan. 

[oledo  Harbor,  Ohio. 

ort  Clinton  Harbor,  Ohio. 

^diuky  Harbor,  Ohio. 

fnroo  Harbor,  Ohio. 

Wilion  Harbor,  Ohio. 

Uck  River  (Lorain)  Harbor,  Ohio. 


8.  Cleveland  Harbor,  Ohio. 

9.  Fairpoit  Harbor,  Ohio. 

10.  Ashtabula  Harbor,  Ohio. 

11.  Conneaut  Harbor,  Ohio. 

12.  Removing  Monken  yesaels  or  oraft  ob- 

structing or  endangering  naviga- 
tion. 


8URVBT8. 


Tonroe  Harbor,  Michigan. 

^i^rht  channel  in  Manmee  River 

ud  Bay,  Ohio. 

irve  Island  Reef,  near  South  Bass 

lland,  in  Lake  Erie,  Ohio. 


16.  Bar  at  month  of  Sandnsky  Harbor, 

Ohio. 

17.  Black  River  (Lorain)  Harbor,  Ohio. 

18.  Breakwater   at    Cleveland    Harbor, 

Ohio. 


HARBOR  LINES. 

19.  Sandusky  Harbor,  Ohio. 


United  States  Enoinbeb  Opficb, 

Cleveland^  Ohio,  July  19j  1898. 

AL:  I  have  the  honor  to  forward  herewith  aimnal  reports  for 

iny  charge  for  fiscal  year  ending  June  30,  1898. 

the  year  Mr.  William  T.  Blunt,  assistant  engineer,  has  given 

iapervision  to  works  of  improvement  in  western  portion  of 

%  and  ha8  conducted  various  special  surveys.     Mr.  F.  S. 

ftssistant  engineer,  has  given  personal  supervision  to  works 

Portion  of  the  district,  and  has  specially  assisted  in  the  office. 

respectfully,  your  obedient  servant, 

1  Jared  a.  Smith, 

Colonelj  Corjps  of  Engineern. 
John  M.  Wilson, 
^hie/ of  Engineers^  IT.  SL  A. 

MX 
\ 

\ 
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M  M  I. 

IMPROVEMENT  OF  MONROE  HARBOR,  MICHIGAN. 

The  project  for  improving  the  harbor  of  Monroe,  Michigan,  by  cut- 
ting a  straight  canal  across  the  marsh  and  protecting  the  end  at  the 
lake  by  piers,  was  completed  in  1839,  but  the  piers  were  extended  some- 
what farther  in  1845.  Since  that  date  all  e;cpenditares  upon  the 
improvement  have  been  for  maintenance  by  repairs  of  piers  and  caual 
revetment  and  dredging  the  channel. 

The  total  expenditare  for  constrnotion  and  maintenanoe,  1835  to  1845,  was-  $110, 000. 00 
For  maintenance,  1845  to  June  30,  1897 130,533.00 

At  the  close  of  the  last  fiscal  year  the  piers  were  in  good  condition, 
the  superstructures  having  been  rebuilt  under  appropriations  of  July 
13,  1892,  and  August  18,  1894. 

The  act  of  June  3, 1896,  appropriated  $5,000  for  "dredging  the  chan- 
nel." Dredging  the  channel  formed  no  part  of  any  project  of  improve- 
ment, nor  had  it  been  recommended  by  the  officer  in  charge  of  the 
improvement  for  reasons  briefly  set  forth  in  the  last  annual  report,  as 
follows: 

First.  Sonndings  in  November,  1896,  show  no  perceptible  change  in  the  river  chftn- 
nel  daring  foar  years  and  no  change  in  the  bar  at  the  entrance  in  more  than  one 
year. 

Second.  During  the  past  eight  years  several  surveys  have  been  made,  and  they  all 
show  practically  the  same  depths,  except  when  made  immediately  after  dredging. 

Third.  Additional  depths  obtained  by  dredging  in  the  river  in  1888  soon  disap- 
peared and  the  previous  conditions  returned. 

Fourth.  The  bottom  of  river  at  the  Monroe  docks  is  of  solid  rock,  with  a  depth  of 
8  to  9  feet  of  water. 

Fifth.  The  ohannel  depth  in  river  and  canals  is  everywhere  greater  than  at  tbe 
docks,  and  so  remains  from  year  to  year. 

Under  date  of  Au^st  21, 1897,  proposals  for  dredging  were  invited 
by  circular  letter  «n  I  poster  for  ten  days.    Proposals  were  opened 
August  31  and  the  work  was  awarded  to  the  lowest  bidder,  ^Ir.  M.  J* 
Grilfen,  of  Detroit,  Mich.,  at  11^  cents  per  cubic  yard  of  material,  meaS' 
ured  in  scows. 

It  was  estimated  that  the  amount  available  would  be  sufficient  t^ 
pay  for  dredging  a  channel  150  wide  and  14  feet  deep  from  the  oate^ 
end  of  piers  to  a  depth  of  14  feet  in  the  lake,  a  distance  of  about  1,80^ 
feet,  and  the  work  was  laid  out  accordingly. 

Dredging  with  a  very  poor  plant  and  an  inexperienced  crew  wascon*^ 
meuced  September  9, 1897,  and  continued  until  October  13,  when  th 
dredge  sunk  in  the  lake  on  the  side  of  the  dredged  channel  and  aboa 
750  feet  outside  the  end  of  piers. 

November  1, 1897,  dredging  in  the  channel  was  resumed  by  a  dredg'^ 
plant  hired  by  the  contractor  and  was  continued  until  November  31^^ 
The  total  amount  of  material  dredged  and  removed  in  the  three  montk 
was  but  9,845  cubic  yards,  an  amount  entirely  insufficient  to  make  an 
noticeable  Improvement  to  the  channel. 

Under  the  circumstances  the  officer  in  charge  of  the  improvemei^'' 
considered  that  the  dredge  should  be  removed  by  the  contractor  c^^ 
at  his  expense.     The  dredge  when  put  upon  the  work  was  entirely 
unworthy,  and  on  the  day  before  it  sunk  the  contractor  was  notified  Ipy" 
mail  that  it  would  no  longer  be  permitted  upon  the  work  unless  assisted 
by  another  and  better  machine.    On  the  19th  of  November  thecontract^^ 
was  specially  requested  to  remove  the  sunken  dredge^  and  his  reply  indi- 
cated that  the  removal  would  be  effected. 
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lymentfoT  the  small  amoant  of  material  removed  in  November  was 
efore  delayed  until  June,  18!)8,  to  secure  if  possible  the  removal  of 
vrreck  without  expense  to  the  United  States.  This  having  been 
d  impracticable,  the  removal  of  the  wreck  by  the  United  States 
&r  provision  of  section  4  of  the  river  and  harbor  act  of  Jane  14, 
*,  has  been  authorized.  . 

le  unexpended  balance  of  the  appropriation  for  dredging  is  too 
11  to  obtain  any  competition  by  advertising,  or  to  obtain  any  prices 
onably  low  for  doing  the  work  by  hiring  a  dredge  plant.  The 
mmendation  of  the  oiUcer  in  charge  of  the  improvement  that  the 
ted  States  dredge  plant  pertaining  to  Toledo  Harbor,  Ohio,  be 
loyed  to  complete  the  dredging  as  Car  as  it  may  be  done  with  avail- 
funds  has  been  approved  by  the  Chief  of  Engineers.  The  dredge 
>w  engaged  upon  other  work,  but  will  go  to  Monroe  as  early  in  July 
racticable. 

'hile  no  general  conclusions  can  fairly  be  drawn  from  a  single 
EUice,  it  is  nevertheless  true  that  the  work  at  Monroe  fairly  iilus- 
es  some  of  the  phases  of  doing  work  by  contract  after  advertising, 
Ksially  in  small  amounts  at  places  remote  from  large  cities.  In  the 
ar  cases  the  lowest  proposals  are  not  int'rer)aently  the  least  desira- 
because  they  have  been  submitted  by  parties  lacking  in  information, 
erience,  judgment,  or  honesty,  who  bid  low  in  order  to  obtain  the 
itd  and  trust  to  blind  fortune,  shrewdness,  or  dishonesty  to  obtain 
rofit. 

)nring  a  long  experience,  the  writer  of  this  report  has  not  in  a  single 
tance  failed  to  obtain  better  results  both  in  i)rice  and  quality  when 
all  works  have  been  done  by  hired  labor  and  punthase  of  materials 
open  market  for  small  amounts,  or  by  contract  for  large  amounts, 
an  when  similar  work  has  been  done  by  contra(;t. 
Under  date  of  December  2,  1897,  a  report  upon  survey  of  harbor  of 
Monroe,  Mich.,  and  an  estimate  of  cost  with  a  view  to  obtaining  a  14- 
)otdepth  of  water  was  submitted  to  the  Chief  of  Kngineers  in  compli- 
ncc  with  requirements  of  the  river  and  harbor  act  of  .lune  3,  1896. 
I'be  report  was  printed  in  House  Doc.  No.  102,  Fifty-fifth  Congress, 
>^Dd  session,  and  a  copy  is  appended  to  this  rei)ort  as  Appendix 


commerce  of  Monroe  is  very  small  and  its  location  is  such  that 
Nereis  no  good  reason  to  conclude  that  a  greater  depth  of  water  would 
*^t  in  a  very  great  benefit.  The  freight  tonnage  rei)orted  for  1897 
f  l^^tban  the  annual  average  number  of  dollars  exiiended  for  main- 
^^ance  since  1845.  In  1896  freight  tonnage  was  not  reported.  The 
^tered  tonnage  covers  the  passenger  excursion  steamers  running  in 
^iQiner  months  for  pleasure  travel  to  the  canal  and  piers  but  not  to 
*«  city  of  Monroe. 

Jlooroe  is  in  the  collection  district  of  Detroit,  Mich.  There  is  a  light-honseon  the 
>«tt«ttd  of  north  pier. 

Money  statement 

[•i^y U897, balance  nnexpended $4,981.67 

'°^  30, 18<^amoant  expended  during  fiscal  year 1,537.93 

^"fr  1, 1898,  balance  unexpended 3,443.74 

^onnt  (estimated)  required  for  completion  of  existing  project 11, 000. 00 

^OQDtthatcanbeprofitably  expended  in  fiscal  yearendingJnneSO,  1900    11,000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
Wbor  acta  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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^mottiif  and  date  of  all  appropriation$  far  improving  the  harbor  of  Monroe,  Mich. 


February  24, 1835 $30,000.00 

July  2, 1836 15,000.00 

March  3, 1837 30,000.00 

Jaly7,1838 15,000.00 

Jnne  11,1844 20,000,00 

AnguBt  30, 1852 14,000.00 

Jnne  23,  186»J 31,015.27 

June  10,  1872 10,000.00 

March  3, 1873 15,000.00 

June  23,  1874.... 10,000.00 

March  3,1875 10,000.00 

August  14, 1876 5,000.00 

June  8,  1878 2,500.00 

March  3, 1879 2,000.00 

June  14,  1880 2,000.00 


March  3, 1881 ^ $l,O0Cr^  nn 

August  2, 1882 l.OOCIZl.oo 

August  5, 1886 2,00C~I3  qq 

August  11, 1888 6,00^3.00 

September  19, 1890 5,  OO^D.  qq 

July  13, 1892 lO.OOO.flT) 

August  18, 1894 b,0(MD.oo 

June  3,  1896 5,0O€f.00 

Total 245, 51  o.  27 

Amount  expended  to  June  30, 

1898 242,071.53 

Balance  unexpended 

July  1, 1898 3,443. 74 


/ 


/ 


COMMERCIAL  STATISITICS. 


The  following  statistics  for  the  year  1897,  relative  to  the  commerce  of  the  harbor  of 
Monroe,  Mich.,  were  compiled  from  informatiou  furnished  by  the  collector  of  cus- 
toms  and  others : 


Reoeipts. 


Poles 

MerohandJse. 


Total 


Tons. 


325 

100 


425 


Shipments. 


Logg 

Merchandine. 
Fish 


Total 


TODI. 


Total  freight  tonnage :  _^ 

1P97 1,725 

1896 Koreiwri 


VesHcls. 


Xnmber.  Tonnage. 


Entering. . 
Departing 
Built 


11.1^ 


Total  registered  tonnage  (vpsselM  enterinn;  and  departing) 

1897 

1896 


Draft  of  largest  vessels  using  harbor,  10  feet.    Largest  vessels  do  not  load  tofuU 
depth.    No  new  yessel  lines  established  during  the  year. 


M  M  2. 


IMPROVEMENT  OF  TOLEDO  HARBOR,  OHIO. 

The  harbor  of  Toledo,  Ohio,  is  mainly  formed  by  that  part  of  tb« 
Maumee  River  which  is  from  4  miles  to  7  miles  above  its  mouth  attb« 
head  of  Maiimee  Bay. 

Originally,  most  of  the  river  channel  from  the  upper  part  of  the  bar* 
bor  to  the  lake  was  amply  deep,  but  there  were  shoals  where  the  deptb^ 
were  fix)m  14  feet  to  16  feet    The  channels  in  the  bay,  however,  wer« 


i0 
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ore  shallow,  and  for  several  miles  tbe  depths  in  those  channels  ranged 
7m  8.5  to  12  feet. 

The  first  improvements  undertaken  were  under  provisions  of  the  river 
d  harbor  act  of  June  23,  1866.    The  project  was  to  secure  a  depth  of 
feet  irom  the  river  to  the  lake  through  the  best  natural  channels. 
lis  project  was  amended  from  time  to  time  as  greater  depths  became 
cessary  until  1887,  when  the  channels  in  the  bay  had  been  dredged 
a  depth  of  16  feet,  though  the  minimum  depths  were  slightly  less. 
The  project  adopted  in  1887  was  for  a  straight  channel  from  the 
mth  of  tbe  river  200  feet  wide  and  17  feet  deep  to  the  lake,  a  distance 
proximately  7^  miles.    The  old  chauTiel  was  utilized  as  far  as  pos- 
>le,  which  was  over  a  length  of  a  little  more  than  2  miles  near  the 
iddle  of  the  bay.    The  estimate  of  cost  was  not  made  in  detail,  but 
IS  made  on  the  basis  of  its  length  and  the  cost  per  unit  of  length  for 
nilar  works  elsewhere.    On  the  supposition  that  dikes  or  piers  might 
)  required  to  protect  the  channel,  the  estimate  of  cost  was  $1,875,000. 
The  project  was  subsequently  modified  by  increasing  the  width  pro- 
)8ed  lor  the  outer  division  of  straight  channel,  a  length  of  about  3 
dies,  to  300  feet,  and  by  extending  the  improvement  to  include  the 
[auinee  River,  where  shoals  known  as  ^^The  Grossing"  and  t^e  ^^Lake 
^bore  Shoal,"  each  about  4,000  feet  long,  have  been  dredged  to  a  depth 
)f  IB  feet  over  a  width  of  400  feet,  and  some  work  has  been  done  at 
other  places. 
It  has  been  found  inadvisable  to  build  dikes  over  more  than  a  por- 
tion of  the  distance  traversed  by  the  channel,  and  it  is  quite  probable 
tbat  with  additional  widths  it  may  ultimately  cost  no  more  to  maintain 
tbe  channel  than  the  amount  which  would  come  from  a  low  rate  of 
interest  upon  the  estimated  cost  of  dikes.    At  the  lake  end  of  the 
cbaniiel,  however,  low  dikes  might  be  so  arranged  as  to  serve  as  break- 
waters to  reduce  the  sea,  so  that  the  entire  depth  of  channel  may  be 
utilized.    In  other  words,  dikes  to  reduce  the  sea  from  the  lake  would 
^equivalent  to  adding  several  feet  to  the  depth  of  the  channel. 
By  abandoning  the  construction  of  dikes  as  proposed,  the  cost  has 
^11  greatly  reduced,  so  that,  although  the  original  project  has  been 
^iieh  extended  in  length  and  width  of  channels  and  they  have  been 
^sed  several  times  as  a  matter  of  maintenance  and  have  thus  had 
^c  depths  increased,  no  additions  have  been   made  to  the  original 
^tioiate.    There  is  a  large  balance  of  the  original  estimate  for  corn- 
won  of  the  project. 

At  the  beginning  of  the  last  fiscal  year  work  of  dredging  was  in 
Ingress  under  a  contract  to  widen  the  outer  end  of  straight  channel, 
^^auew  turn-out  channel  on  southerly  side  of  range  beacons  in  the 
^f  and  such  other  dredging  as  might  be  needed. 

^6  contract  was  completed  June  11, 1898,  resulting  in  widening  the 

OQter  division  of  channel  to  300  feet  on  bottom  as  planned,  completing 

Motherly  channel  of  turn-out  section  200  feet  wide,  and  dredging  cuts 

^^each  bank  of  the  channel  inside  turn-out  over  a  length  of  about 

W  feet    The  depths  were  made  18  to  20  feet.    The  amount  dredged 

'Jnderthis  contract  during  the  fiscal  year  was  643,068  cubic  yards; 

entire  amount  dredged  under  the  coTitract  was  869,358  cubic  yards. 

^  Tho  United  States  dredge  and  plant  completed  the  channel  over  the 

yf088ing,"  removed  part  of  shoal  near  foot  of  Buffalo  street,  and 

j^dened  and  deepened  the  upper  end  of  straight  channel.    The  dredge 

^>«been  employed  much  of  the  time  at  other  harbors  when  it  was  too 

?%alt  or  expensive  to  do  the  work  by  other  means,  and  in  this  way 

it8  services  have  been  of  very  great  value  to  the  resi>ective  improve- 
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incuts,  and  it  has  not  in  any  way  injured  the  interests  of  Toledo 
Harbor. 

Under  the  last  appropriation  for  improving  Toledo  Harbor,  the 
United  States  dredge  has  done  the  work,  which  would  have  been  most 
expensive  by  contract  because  of  the  exceedingly  long  distances  to  tow 
and  the  constant  interruptions  by  passing  steamers.  The  total  amoant 
dredged  at  Toledo  Harbor  in  two  years  by  the  United  States  dredge 
has  been,  for  reasons  given,  but  191,789  cubic  yards.  The  entire  cost 
of  this  dredging,  including  ordinary  and  extraordinary  repairs  to 
dredge,  tug,  and  scows,  and  all  cost  of  superintendence  and  Ciire  for 
two  years,  has  amounted  to  $33,158.  The  cost  per  cubic  yard  has 
therefore  exceeded  17  cents,  but  it  is  not  probable  that  the  same  work 
in  the  same  places  could  have  been  done  by  contract,  including  super- 
intendence, at  a  less  rate;  the  effect  of  having  the  dredge  at  command 
for  all  occasions  has  been  very  beneficial. 

A  suitable  wharf  and  storehouse  at  Toledo  has  for  several  years  been 
a  necessity,  and  it  at  last  bcibame  well-nigh  indispensable.  A  suitable 
location  has  therefore  been  leased,  a  substantial  wharf  has  been  con- 
structed, and  a  good  storehouse  24  feet  by  48  feet  in  plan  has  been 
erected  and  covered  with  corrugated  iron.  All  public  property  in  old 
leased  storeroom  has  been  transferred  to  the  new  storehouse.  The  slip 
alongside  of  wharf  has  been  dredged  to  afford  ample  width  and  depth 
in  which  to  store  steamers,  dredge,  and  scows. 

It  has  for  several  years  been  apparent  that  the  steamer  Sicans^ 
which  has  been  hired  for  use  in  superintending  works  in  this  district 
and  in  making  surveys,  was  becoming  too  old  and  unseaworthy  to  be 
prudently  retained  in  the  service. 

Authority  was  therefore  obtained  to  purchase  a  more  suitable  steamer, 
and  on  November  30, 1897,  the  steamer  VisitoTj  having  a  steel  hull  and 
triple-expansion  engines,  was  purchased  for  the  purpose  at  a  cost  of 
914,000.  The  expense  has  been  allotted  to  various  harbors  in  the  dis- 
trict as  nearly  as  practicable  in  proportion  to  the  service  they  require 
and  received.  For  the  superintendence  and  surveys  required  in  con- 
nection with  channels  in  Maumee  Bay,  the  use  of  a  steamer  is  indis- 
pensable, and  the  greater  portion  of  its  time  is  required  in  that  location' 
Other  works  in  the  district,  however,  receive  considerable  benefit  and 
have  therefore  paid  a  part  of  the  expense. 

During  the  winter  the  cabin  of  steamer  Visitor  was  entirely  removed 
and  replaced  with  another  adapted  to  the  service,  at  a  cost  of  aboa^ 
$4,000.  The  steamer,  though  small,  is  admirably  adapted  to  the  wor^ 
for  which  it  is  needed. 

The  sundry  civil  act  approved  June  4, 1897,  required  "a  survey  an^ 
estimate  of  cost  of  deepening  and  widening  the  straight  channel  h^ 
Maumee  River  and  Bay,  with  a  view  to  obtaining  and  i)ermaneutl^ 
securing  a  channel  of  a  uniform  width  of  400  feet  and  20  feet  deep  dM^ 
low  water,  the  cost  of  said  survey  to  be  paid  out  of  mosey  alrc»ad;^ 
appropriated  for  the  improvement  of  said  channel." 

Mr.  Wm.  T.  Blunt,  United  States  assistant  engineer,  with  a  i)arty  on  th^ 
Bte^^mev  Swansea,  was  engaged  in  makingthesurvey  atsuch  timesasoool^ 
be  spared  from  other  work  on  hand  from  July  24  to  October  26, 1897.  ^^ 
complete  report  with  map  and  estimate  was  submitted  to  the  Chief  (P^ 
Engineers  December  Ki,  1897.  The  report  was  published  in  Hoas^ 
Doc.  No.  198,  Fifty  fifth  Congress,  second  session,  and  a  copy  i^ 
appended  hereto  as  Appendix  M  M  14. 

The  estimated  cost  of  the  improvements  required  is  $1,095,000,  on 
the  basis  of  immediate  completion.    It  is  estimated  that  the  cost  of 
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ance  during  five  years  after  completion  will  be  $150,000,  and 
al  cost  of  $20,000  thereafter,  provided  the  work  is  done  by  a 
ant  belonging  to  the  United  States.  Attention  is  invited  to 
plete  report. 

eport  of  Mr.  Win.  T.  Blunt,  United  States  assistant  engineer, 
8  appended  hereto,  gives  an  account  of  work  done  at  Toledo 
during  the  fiscal  year;  it  also  includes  a  series  of  reductions  of 
igsin  the  channel  in  tabulated  form  showing  the  annual  changes 
nd  scour  in  various  sections.  These  tables  are  of  much  value 
rtaining  the  principles  governing  the  fill  and  scour  in  the  chan- 
ley  show  the  conditions  at  periods  in  each  year  since  the 
t  channel  was  commenced. 

Plant's  report  also  refers  to  the  beneficial  effect  resulting  from 
plication  of  rules  and  regulations  issued  by  the  Secretary  of 
^r  the  preservation  of  the  straight  channel  and  the  benefit  of 
tion. 

»  is  in  the  collection  district  of  Miami,  Ohio.  There  are  two  lights  of  the 
ier  at  the  month  of  the  river,  formiiiff  a  range  for  inner  portion  of  channel. 
1  towers  have  recently  been  completed  at  the  tiim-ont  in  the  middle  of  bay, 
1  to  exhibit  three  lights,  so  that  there  is  a  ran^e  in  both  directions.  There 
light  of  fourth  order  on  Turtle  Island  as  a  guuie  to  old  channel.  Congress 
lorized  the  construction  of  a  new  light-house  at  the  outer  end  of  straight 

>injneTce  of  Toledo  is  increasing. 

Money  siatemenU 

.897,  balance  unexpended .• $123,408.28 

,  l£^y  amount  expended  during  fiscal  year 113,029.33 

1896, balance  unexpended 10,378.95 

L896,  outstanding  liabilities 505.21 

L898,  balance  avaiUble 9,873.74 

nt  (estimated)  required  for  completion  of  existing  project 980, 000. 00 

intthat  can  be  profitably  expended  in  fiscal  year  ending  Jnne3O,190O  300, 000. 00 
itted  in  oompliance  with  requirements  of  sections  2  of  river  and 
bor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Amount  and  date  of  all  appropriations  for  improving  Toledo  Harbor,  Ohio. 


OLD  CHANNKL. 


J,1866 $20,000.00 

2,1^*67 20,000.00 

0,lgB9 29,700.00 

1,1X70 50,000.00 

3,1871 50,000.00 

0,1872 15,000.00 

3,1873 100.000.00 

5,1874 75,000.00 

3,1875 75,000.00 

*  14, 1876 60,000.00 

^1878 50,000.00 

n>i»riations  for  straight  channel  have  been  as  follows: 

,1884 $25,000.00 

t  ftmoant  appi  opriated  for  old  channel  (see  note) 9, 632. 61 

15, 367. 39 

t5,18»6 112,500.00 

1 11, 1888 150,000.00 

iberl9,1890 200,000.00 


March  3, 1879 $20,000.00 

June  14, 1880 30,000.00 

March  3, 1881 40,000.00 

Augusts,  1882 50,000.00 

July  5, 1884 20,000.00 

August  5, 1886  (see  note) 9, 632. 61 

August  11,1888 5,000.00 

September  19,1890 5,000.00 

Total  for  old  channel ..  724, 332. 61 
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July  13, 1892 $200,000.00 

August  18, 1894 70,000.00 

June3,1896 150,000.00 

Total  for  straight  chaunel 897,867.39 

Total  of  all  appropriations  for  Tole'1  o  Harbor 1, 622, 200. 00 

Total  expended  to  June  30, 1898 1,611,821.05 

Balance  unexpended  July  1,  1898 10,378.95 

Note. — By  act  of  August  5, 1886,  the  balance  then  available  of  the  $25,000  appro- 
priated July  5, 1884,  for  straight  channel  was  made  available  for  clearing  the  old 
channel. 


LIST  OF  CONTRACTS  FOR  IMPROVING  HARBOR  AT  TOLRDO,   OHIO,  UX  FORCE  DURING 

THR  FISCAL  YEAR  ENDING  JUNE  30,   1898. 

Contract  for  dredging  in  straight  channel  through  Maumee  Bay, 

Name  of  contractor,  G.  H.  Breymann  <&  Bros.,  Toledo,  Ohio;  date  of  contract, 
September  18, 1896:  date  of  approval,  October  3, 1896;  date  of  commencement,  Octo- 
ber 6,  1896;  date  of  completion,  June  11, 1898. 


COMMERCIAL  STATISTICS. 

The  following  statistics  for  the  year  1887  relative  to  the  commerce  of  the  harbor 
of  Toledo,  Ohio,  were  compiled  from  information  furnished  by  the  collector  of  custonifl 
and  others : 


Receipts. 


Iron  ore  

Coal 

Lumber 

Sand 

Logs 

Siijear 

Flaxneed  .... 

Salt 

Wheat 

Lathn 

Plaster 

Shingles 

Pish 

Posts 

Merchandise. 


Total 


Tons. 


417, 721 

89,305 

149, 107 

98,432 

42,400 

33.850 

23,266 

14,055 

11,400 

10, 892 

9,556 

1,451 

959 

275 

87,334 


940,002 


Shipments. 


Coal 

Corn 

Wheat 

Flour 

Timber 

Rye 

Oats 

Merchandise. 


Total 


Toos. 


935,534 

130,118 

226.030 
48,213 
40,5*8 

21,148 

7,086 

flO.915 


L4«,6«» 


Total  freight  tonnage: 

1897... 2,409,594 

1896 2,164,738 


Vessels. 


Entering.. 
Departing 
Built 


Tonnage* 


1,251,941 

13.70 


Total  registered  tonnage  (vessels  entering  and  departing) : 

1897 2,492.044 

1896 2,252,394 

Increase 239,690 

Draft  of  largest  vessels  nsing  harbor,  20  feet.    Largest  yessels  do  not  load  to  fiiU 
depth.    No  new  vessel  lines  established  daring  the  year. 
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rxport  of  mr.  william  t.  blvstt,  assistaut  kngixrkr. 

On  Board  U.  S.  Engineer  Steamer  Visitor^ 

Toledo,  Ohio,  June  SO,  1898, 

Sir:  I  have  the  hoDor  to  sobmit  the  following  notes  npon  the  work  in  Toledo 
Htfbor  dnring  the  fiscal  year: 

All  depths  mentioned  are  given  at  mean  level  of  Lake  Erie  1860  to  1875,  the  water 
dnring  the  fall  of  1897  having  been  from  a  few  tenths  to  1  foot  below  mean  level 
■Dd  daring  this  season  about  at  mean  level. 

In  the  summer  and  fall  of  1897  the  improved  channels  were  sounded,  with  the 
exception  of  the  Lake  Shore  Shoal,  as  called  for  in  the  ftnndry  civil  act  of  Jnne  4, 
1897.    A  S|>ecial  report  w:is  ma<le  upon  this  work  under  date  November  29,  1897. 

In  Ma  J,  1898.  these  channels  were  again  Rounded  for  the  purpose  of  this  annual 
report.  The  channels  throughout  are  in  excellent  condition  when  referred  to  a 
depth  of  17  feet  at  mean  level. 

MAUMBS  RIVER. 

Lake  Shore  8hoah — ^The  dredging  of  this  reach  was  completed  August  13,  1896, 
leaving  a  depth  of  19  to  20  feet.  No  regular  sound ingH  have  been  takeu  since  those 
of  May.  1897,  which  showed  depths  to  remain  nearly  as  dredged.  Occasional  random 
■oaodings  are  all  1  have  been  able  to  obtain  thus  far,  but  no  trouble  has  developed 
to  ileep-laden  boats. 

Lower  Croeeing. — At  date  of  last  annual  report  the  U.  S.  dredge  Maumee  waa 
engaged  in  completing  the  full  width  of  400  feet.  This  was  accomplished  Septem- 
ber 14,  1897y  nearly  43.000  yards  having  been  removed  in  the  widening  of  about  100 
feet  from  June  5,  1897,  to  September  14,  1897. 

Soundings  were  taken  October  25,  1897,  over  the  southerly  half,  to  show  results  of 
thiA  dredging.    Again  on  May  27,  1898,  the  entire  width  was  sounded. 

In  the  table  following  1  have  rearranged  the  average  soundings  heretofore  pub- 
lished so  as  to  conform  to  the  new  arrangement  of  the  straight  channel  tables.  The 
channel  is  divided  lon^tudinaliy  into  intervals  of  20  feet  width,  and  the  average 
depth  in  ea<'h  interval  for  the  entire  length  of  cut  is  determined  from  each  survey. 
The  intervals  are  numbered  east  and  west  from  the  axis,  thus  allowing  for  any  future 
widening  without  altering  the  form  of  table. 

As  the  tirat  dredging  was  done  in  1894  over  a  width  of  300  feet,  and  that  portion 
has  not  since  been  disturbed  excepting  where  the  two  works  overlapped,  compari- 
sons can  be  made  from  tive  surveys,  extending  over  a  period  of  nearly  four  years 
nninflnenced  by  dredging.  The  results  are  quite  irregular,  as  might  be  eimected, 
eonsidering  the  many  inUnences  at  work  in  an  arm  of  the  lake  with  no  regular  cur- 
rent and  with  a  soft  movable  bottom  easily  disturbe<l  by  the  passage  of  large  boats. 
The  causes  operating  to  make  a  till  or  a  scour  are  so  varied  and  discordant,  that  when 
the  change  is  so  small  as  a  few  hundredths  or  even  tenths  of  a  foot,  unless  showing 
iome  regnlarity  of  operation,  it  is  quite  useless  to  look  for  a  cause  or  to  attempt  to 
foretell  what  may  happen  in  the  future.  At  present  we  can  only  record  the  changes 
as  they  occur  and  by  general  averages  gather  some  idea  of  the  action. 

The  first  two  years  showed  practically  no  resultant  fill  on  the  portion  then  com- 
pleted. The  third  year  showed  a  resultant  fill  of  over  four-tenths  of  a  foot,  extend- 
ing iQore  or  less  over  the  entire  width  of  cut  and  being  heaviest  along  the  west  edge. 
Tbe  fourth  year  again  showed  practically  no  cban<;e,  the  actual  figures  fndicating  a 
slight  resultant  scour.  The  average  of  all  total  deposits  for  the  ])eriod  1894  to  1898, 
in  fiuch  intervals  as  were  dredged  in  1894,  is  0.54  foot,  giving  an  average  annual  rate 
of  0.15  foot. 

Over  the  portion  dredged  in  1897  the  surveys  of  October,  1897,  and  May,  1898,  indi- 
eate  an  average  fill  of  one-half  foot,  whereas  over  the  portion  dredged  in  1894  the 
first  two  surveys  showed  practically  no  fill.  This  was  probably  due  to  the  fact  that 
the  1894  cut  o7>ened  up  the  channel  to  such  a  width  that  the  current  maintained  the 
depth,  while  the  present  width  has  reached  beyond  that  power,  and  the  tendency  is 
to  even  np  the  latest  disturbance. 

Parties  owning  the  river  banks  along  this  reach  have  recently  taken  the  initial  steps 
towanl  filling  ont  to  the  harbor  line.  The  PenuRvlvauia  Company  has  built  a  solid 
wharf  and  slip  near  the  foot  of  Ash  street,  extending  to  the  harbor  line  and  at  pres- 
ent covering  a  total  frontage  of  350  feet.  The  Craig  Ship  Building  Company  has 
extended  its  large  wharf  to  the  harbor  line,  with  a  frontage  of  200  feet.  The  park 
eommissioners  of  the  city  of  Toledo  are  now  constructing  a  revetment  nearly  out  to 
the  harbor  line,  as  a  step  toward  the  improvement  of  the  entire  Riverside  Park  front- 
al, by  constrncting  islands  and  lagoons  on  the  flats.  It  is  quite  probable  that  these 
unprovementa  will  act  as  an  incentive  to  the  further  reclamation  of  the  flats,  and 
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thus  form  a  rectified  bank  line  which  must  act  toward  the  natural  maintenanoe  of 
the  Lower  CrosHin/j;  depths. 

Buffalo  Street  Shoal. — During  the  season  of  1897  deep-draft  boats  experienced 
trouble  in  the  natural  channel  off  Buffalo  street,  where  the  middle- ground  contoars 
bulge  quite  materially  toward  the  channel.  The  disturbance  of  bottom  by  boats 
aground  on  the  east  bank  threw  up  lumps,  wbich  became  more  troubleaome  and 
exteuHive  until  finally,  with  low  water  of  the  fall,  it  was  almost  impossible  to  pa«s 
with  17- feet  draft.  The  dredge  Maumee  was  directed  to  open  the  channel,  and  from 
November  16  to  27  remove*  1  8,434  yards.  On  May  9,  1898,  work  was  resumed,  and 
4,350  yards  removed  up  to  May  13,  when  the  services  of  the  dredge  were  required  at 
other  harbors.  The  channel  has  been  cleared  for  a  width  of  310  feet,  and  is  now 
sufficient  fnr  the  immediate  nee<lR  of  navigation. 

Mooring  basin, — Authority  having  been  granted  for  the  lease  of  the  riparian  privi- 
lege controlled  by  the  Toledo  and  Ohio  Central  Railway  Company  just  north  of 
Cherry  Street  Bridge  on  east  side  of  river,  to  be  used  as  a  mooring  basin  for  the  float- 
ing plant  and  for  the  construction  of  wharf  and  storehouse,  the  dredge  Maumee  was 
occupied  from  November  27  to  December  4  in  dredging  the  basin  for  the  proper  and 
safe  accommodation  of  the  fleet  through  the  winter.  Work  was  resumed  April  19, 
1898,  and  on  May  4  an  area  400  by  150  ^et  had  been  cleared  to  a  depth  of  14  feet  by 
the  removal  of  17,079  yards. 

A  pile  wharf  36  by  90  feet  was  built  during  the  winter  and  a  storehouse  24  by  48 
feet  was  erected  upon  it,  at  a  total  cost  of  $2,000  for  both.  A  line  of  mooring  piles 
was  driven  in  the  basin— four  single  and  two  clusters  of  three  each.  The  basm  is 
now  in  excellent  shape  for  the  accommodation  of  plant,  and  is  unusually  safe  from 
flood  or  fire  by  reason  of  the  protection  aflbrded  by  the  high  embankment  of  the 
bridge  approach  and  the  isolation  from  other  buildings. 

STRAIGHT  CHANNEL. 

Dredge  Maumee,  river  division. — ^From  September  15  to  November  15, 1897,  the  dredge 
Maumee  was  engaged  in  redredging  the  enlarged  entrance  of  the  straight  channel  at 
month  of  river.  This  had  been  dredged  for  the  first  and  only  time  in  1891  and  1892, 
under  contract  of  L.  P.  &.  J.  A.  Smith.  To  facilitate  the  entrance  of  boats  it  was 
deemed  advisable  to  deepen  this  area;  58,759  yards  were  removed  with  resultant 
depths  of  18  to  20  feet. 

Con  tract,  George  H,  Breymann  4"  Bro». — At  the  close  of  the  last  fiscal  year  the 
widening  on  the  north  side  of  outer  division  was  nearly  completed  and  that  on 
south  side  was  begun.  Three  dredges  were  continued  on  the  contract  until  Septem- 
ber 3,  when  one  was  withdrawn ;  the  other  two  continued  until  the  24th  and  3utb  of 
November,  respectively.  Work  was  resumed  on  May  2, 1898,  with  one  dredge,  which 
exhausted  the  available  funds  on  June  11  and  contract  was  declared  closed,  837,400 
cubic  yards  having  been  removed. 

The  outer  division  of  straight  channel  from  cribs  to  lake  was  widened  50  feet  on 
each  side,  leaving  it  now  300  feet  wide  at  bottom.  Nearly  the  entire  widfii  of  the 
channel  was  dredged,  owing  to  the  necessity  of  removing  the  ridges  thrown  up  in 
widening. 

The  south  turn-out  around  cribs  was  dredged  to  a  width  of  200  feet,  according  to 
the  original  plan,  for  the  first  time,  so  that  now  there  are  two  channels  of  200  teet 
width  each  around  the  cribs,  with  easy  approaches.  These  approaches  will  be 
hardly  noticeable  should  the  project  fur  400  feet  width  be  adopted.  The  extreme 
widtK  over  all  at  turn-out  being  480  feet,  the  slant  will  be  but  40  feet  on  each  side, 
distributed  over  a  length  of  800  feet. 

Upon  completion  of  south  turn-out  the  dredging  was  continued  inside  the  cribs 
along  the  edges  of  the  channel,  removing  the  fill  u'om  each  side  and  one  cut  from 
the  south  bank  through  sectious  2  and  3. 

Condition  of  the  channel. — In  recent  Annual  Reports  some  general  compariM>ni 
have  been  made  of  depths  found  by  various  surveys,  with  a  view  to  determining 
the  rates  of  deposit  in  the  various  parts  of  the  channel.  I  have  never  been  able  to 
spare  the  time  necessary  to  obtain  the  results  in  detail  for  each  section.  Since  tbe 
appointment  of  Mr.  Thos.  W.  Bodley  as  recorder  in  November  last,  this  and  other 
detail  work  has  been  accomplished.  I  am  able  to  present  as  a  part  of  this  report  a 
full  set  of  tables  showing  average  depths  at  various  times  in  longitudinal  stnpe  of 
10  feet  width  for  each  section  of  800  feet  length. 

For  convenient  reference,  the  channel  has  been  from  its  inception  divided  into  tbe 
inner,  middle,  and  outer  divisions.  These  are  again  divided  into  sections  of  800  feet 
length.  The  outer  and  middle  divisions  join  at  the  old  position  of  the  main  cnb 
light,  and  their  sections  are  numbered  respectively  outward  and  inward  from  i"j 
The  middle  and  inner  divisions  join  at  the  junction  of  the  crib  range  and  theolO 
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ootar  range,  11,644  feet  from  the  crib.  The  sections  of  the  inner  division  are  nnm- 
beredfrom  this  position  inward  to  the  Manmee  Hiver,  a  distance  of  about  12,000 
feet.  The  tables  are  arranged  in  order  from  the  river  outward  to  ihe  lake.  The 
p<rtion  of  channel  in  the  immediate  vicinity  of  the  crihs,  couimoiiij  called  the  ''turn- 
out/' has  been  omitted  entirely,  as  it  has  always  been  subject  to  desultory  dre<lging 
and  natural  changes  not  proper  to  be  considered  in  this  comparison;  otherwise  the 
tabnlar  comparisons  are  complete  and  continnons  for  the  entire  length  of  channel. 
Until  the  spring  of  18iM  the  improvement  was  not  oontinned  beyond  section  20,  (inter 
division,  so  that  the  regular  comparison  for  general  averages  stops  with  tbat  section. 
The  longitudinal  intervals  of  10  feet  width  above  mentioned  are  numbered  north 
and  south  from  the  axis  of  cliannel.  An  average  depth  is  deduced  for  each  of  these 
intervals  in  each  section  and  from  each  survey  of  record  since  the  channel  was 
adopted.  In  columns  between  the  different  surveys  are  noted  the  deposits  due  to 
the  period  of  time  and  their  averages,  or  the  records  of  dredging  done  during  the 
period.  Under  the  averagcH  are  shown  the  annual  rates  of  deposits  indicated  thereby. 
In  a  table  of  snmniarieM  are  shown  those  annual  rates  for  diDerent  periods  and  for 
each  section,  with  their  general  averages  for  periods  and  for  sections,  and  a  grand 
average  for  each  division. 

On  the  general  chart  appended  are  shown  the  location  of  divisions  and  sections, 
together  with  a  graphic  illustration  by  cui-ves  of  the  annual  rates  for  different 
periods  of  time  and  the  curve  of  the  means  of  all  annual  rates. 

These  tables  thus  give  a  complete  history  of  each  section  of  the  straight  channel, 
beginning  with  its  depth  before  the  improvement  was  entered  upon. 

A  glance  at  the  detail  results  of  tbcHc  tables  will  show  the  futility  of  attempting 
to  reconcile  their  wide  variations.    They  are  so  erratic  throughout  that  I  see  no  pos- 
sible dat«  upon  which  to  base  a  theory  lor  any  one  portion  of  channel.    Some  of  the 
elements  which  control  the  action  of  deposits  and  the  results  of  comparison  are: 
The  general  depth  to  which  cuts  are  made. 
The  season  of  year  when  cuts  are  made. 

The  actnal  time  elapsing  between  dredging  and  first  soundings. 
The  actual  annual  rates  for  each  year  when  more  than  one  year  elapsed  between 
soundings. 
The  stage  of  water  during  the  period  of  deposit. 

The  proportional  number  and  character  of  boat  passages  for  each  period. 
The  conditions  of  rainfall,  evaporation,  winds,  and  consequent  currents. 
Errors  in  reduction  to  mean  level  when  water  surface  is  changing  rapidly  and  in 
reading  of  sounding  rod  itself  in  a  choppy  sea. 

I  believe  the  errors  of  location,  platting,  and  tabulation  are  practically  eliminated 
k  the  averages,  bnt  the  other  controlling  conditions  are  so  varied  and  yet  so  influ- 
ptitA  as  to  make  futile  any  attempt  to  evolve  a  law  without  knowledge  of  these 
Dditions.  Most  of  these  conditions  can  be  determined,  but  the  proper  application 
them  in  the  problem  will  be  a  tedious  and  intricate  work,  hardly  justitied  by  the 
ject  to  be  gamed. 

txtremes  of  deposit  and  scour  often  occur  in  the  same  or  contiguous  sections,  as,  for 

"^ince,  sections  10  and  11,  inner  division;  sections  12  and  13  and  section  9, middle 

don;  section  9  and  sections  16, 17,  and  18^  outer  division. 

ling  to  the  means  of  all  annual  rates  m  each  section,  the  range  of  variation 

iscsa  materially  and  the  grand  means  for  the  divisions  are:  Inner,  0.45;  middle, 

and  outer,  0.48  foot,  agreeing  very  closely  with  each  other.    Thin  agreement  of 

^  averages  in  the  three  divisions  indicates  that  the  resultant  of  all  influences 

on  the  channel,  including  that  of  occasional  dredging,  will  in  a  series  of  years 

an  average  annual  fill  of  about  0.45  foot  over  each  division  of  the  channel, 

Lg  from  0.2  foot  to  0.7  foot  in  sectional  averages. 

^  curves  of  annual  deposit  indicate  that  anv  one  period  may  show  an  annual 

hi  deposit  over  any  section  varying  from  0.6  foot  to  1.5  feet. 

II  tabnlar  means  of  longitudinal  intervals  of  sections  indicate  that  the  actual 

mts  are  generally  largest  along  the  edges  of  channel  and  smallest  along  the 

b.    A  scour  along  the  middle  of  channefdoes  not  necessarily  indicate  an  actual 

'of  original  bottom,  bnt  rather  a  removal  of  the  loose  material  left  there  by 

lag  operations.     In  my  annual  report  for  1894  it  was  noted  that  dredging  to  a 

I  depth  on  dipper  arm  leaves  on  the  average  three-fourths  of  a  foot  less  (Tenth, 

%  soundings  taken  immediately  after  dredging  show  depth  to  this  soft  broken- 

be  and  not  to  the  firm,  untouched  bottom.     Over  nearly  the  entire  length  oi 

\  the  dredged  bottom  is  of  hard  clay,  capable  of  resisting  any  action  of  nat- 

inr,  and  the  depths  after  scour  do  not  exceed  those  previously  reached  by  the 

I   An  apparent  scour  is,  therefore,  generally  only  a  transfer  of  material  from 

lUe  of  the  channel  to  its  sides,  due  to  the  action  of  propeller  wheels  acting 

Ml  the  axial  range.    Near  the  outer  end  of  channel,  where  clay  bottom  is  not 
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reached  hy  dredging,  an  actual  scour  of  the  sand  formation  undoubtedly  does  tak 
place,  as  indicated  in  table. 

The  present  practical  condition  of  channel  Is  about  as  follows : 

Through  the  inner  division  the  depth  is  nowhere  less  than  16  feet  within  the  20G 
feet  widui.  In  but  small  areas  along  the  edges  is  it  less  than  17  feet,  and  the  genen 
depth  along  the  axis  is  18  feet  or  more. 

Through  the  middle  division  the  depth  along  the  edges  is  occasionally  a  fei 
tenths  less  than  16  feet,  the  area  having  less  than  17  feet  being  very  small  until  nea 
the  outer  end,  when  for  about  2,000  feet  of  length  the  17-foot  channel  is  about  10 
feet  wide.    Depths  along  the  axis  are  generally  more  than  18  feet. 

Through  the  south  turn-out  depths  are  generally  19  to  21  feet,  owing  to  the  recen 
dredging. 

Throagh  the  outer  division  for  full  300  feet  width  the  depths  are  never  less  thai 
17  feet,  very  few  are  less  than  18  feet,  and  generally  run  from  18  to  20  feet. 

Old  piling, — ^The  old  broken  piles  between  the  crib  lights  are  gradually  disappear 
ing.  They  break  off  near  the  bottom,  drift  into  the  channel,  and  are  a  menace  t 
boats  until  found  and  dragged  into  shoal  water.  Each  year,  recently,  I  have  removei 
many  of  them. 

Bules  and  regulationM. — As  custodian  of  the  straight  channel  under  the  rules  aoc 
regulations  signed  by  the  Secretary  of  War.  to  be  effective  from  and  after  July  1 
1897, 1  have  given  considerable  attention  to  the  enforcing  of  the  regulations.  DuriDj 
June,  1897,  special  care  was  taken  to  place  copies  of  the  rules  on  all  boats  regularl] 
using  the  straight  channel  and  to  post  them  in  conspicnous  places. 

I  take  great  satisfaction  in  reporting  that  generally  all  captains  have  endeavored 
to  comply  with  the  varions  requirements.  In  only  a  few  instances  has  a  definite 
warning  been  necessary,  and  in  no  case  have  I  found  it  necessary  to  report  a  case 
for  action  to  convict.  No  serious  accidents  or  other  emergency  cases  have  occurred 
to  require  extraordinary  action  nnder  the  rules. 

1  feel  sure  that  the  limiting  of  speed  through  the  straight  channel  to  eight  milei 
per  hour  has  materially  aided  in  keeping  the  channel  clear  of  deposits.  While  larg« 
siflewbeel  boats  passed  through  at  a  speed  of  12  to  14  miles  per  hour,  they  carriec 
with  them  a  very  heavy  combing  wave,  which  washed  the  material  from  the  adjaceai 
flats  into  the  channel. 

STEAMER  VISITOR. 

The  chartered  steamer  Swantea  was  retained  upon  the  work  until  the  dose  o 
season  of  1897,  having  been  in  almost  continuous  service  since  the  spring  of  18S9 
The  steel  steamer  Vitsitor,  purchased  by  you  in  November,  1897,  was  delivered  ]at«< 
in  November  and  was  placed  with  the  rest  of  the  fleet  in  winter  quarters.  Durini 
the  winter  her  cabins  were  remodeled  to  suit  the  necessities  of  the  work,  aude] 
special  authority  for  expenditure  of  $2,500.  By  using  care  and  economy,  tti< 
expense  of  alterations  and  outfit  was  kept  within  this  limit.  The  steamer  liai 
given  excellent  satisfaction  thus  far  and  is  all  that  can  be  desired  as  a  working 
boat.  One  statement  is  indicative  of  the  whole — while  she  is  running  12^  or  1^ 
miles  per  hour  in  a  seaway  I  can  continue  detail  drafting  at  the  table. 

EMPL0YSX6. 

I  beg  in  conclusion  to  testify  to  the  faithful  and  efficient  services  of  the  employees 
under  my  immediate  supervision,  and  more  especially  to  those  of  Mr.  Adolph  Koob, 
inspector  in  charge  of  U.  S.  dredge  Maumee,  Mr.  J.  T.  Holling,  senior  inspector  of 
contract  dredging,  Capt.  A.  A.  Stevenson,  master  of  steamer  ViHtor,  and  Mr.  Tbo». 
W.  Bodley,  recorder,  all  of  whom  exhibit  the  greatest  interest  in  their  work  and 
the  disposition  to  aid  materially  in  carrying  ont  your  orders  for  the  best  interest  of 
the  United  States. 

Very  respectfully,  Wm.  T.  Blunt, 

United  StatM  Atnttant  £ngiMeer. 
Col.  Jarbd  a.  Smith, 

Corps  of  Mngineeri,  U.  S.  A* 


APPKNDIX   H  H REPORT   OF   COLONEL   SMITH. 
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Maumee  Biver — Lower  crossing, 
[OTiglnaLl  ohanD«l  15  to  17  feet  deep,  irregular.    Dredged  in  1894,  300  fc«t  wide.] 
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Inner  divieion,  section  15, 

[^7ud  June,  1887,  average  depth  before  dredging,  8.7.    Two  cats,  Sept.,  1887;  dredging  completed 

200  feet  Apr.  to  Oct.,  1888.] 
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Inner  divisionf  aection  14, 

[May  and  Jane,  1887,  average  depth  liefore  dredging,  6.4.    Two  cnts,  Sept.  and  Oct.,  1887;  i 

completed  200  feet  May  to  Oct.,  1888.] 
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Inner  divieion,  section  IS* 

[May  and  Jnne,  1887,  average  depth  before  dredging,  5.9.    Two  cnts  started  Kor.,  1887 ;  dredgl 

pleted  200  feet  Apr.  to  Nov.,  1888.] 
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Middle  divUion,  Beeiian  9. 
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Outer  diviiion,  aectian  16. 
[OeL  and  Nor.,  1887,  avonige  depth  before  dredging,  11.7.    Dredged  in  July  and  Ang.,  1801.] 
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Outer  diviiion,  Bection  15, 
[Oct,  and  Not.,  1887,  average  depth  before  dredging,  11.7.    Dredged  In  July  and  Ang.,  1801.] 
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Outer  diviaUm,  teotUm  tl. 
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■20VEMENT  OF  POBT  CLINTON  HAEBOB,  OHIO. 

:  iB  in  and  near  the  montli  of  the  Portage  River,  which 
e  Erie  at  a  point  aboat  13  miles  west  of  Saudnsky  by  the 
Dote  and  22  miles  by  the  way  of  Sandasky  Bay  and  Lake 
rer  is  navigable  for  small  vessels  as  far  ^m  its  mooth  as 
The  natural  conditions  nsnally  aflbrded  about  6  feet 
It  at  the  mouth  and  somewhat  more  inside, 
risions  of  the  river  and  harbor  acts  of  1867  and  1870, 

were  made  and  reports  submitted  with  reference  to 
6  harbor.     In  1873  a  narrow  channel  8  feet  deep  was 

the  river  to  same  depth  in  the  lake,  and  in  1871  a  sand 
it  across  the  point  uorth  of  the  month  of  tiie  river. 
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In  1875  a  plan  was  adopted  to  protect  the  channel  over  the  bar  b^^  & 
construction  of  piles  and  waling  pieces,  to  which  was  secured  a  she^t 
piling  of  oak  plank.  These  constructions  on  each  side  of  the  channel 
were  terminated  at  the  lake  ends  by  stronger  works  of  timber  cril>d 
upon  substructures  of  close  piling  filled  with  stone.  On  the  east  side 
the  pierhead  is  but  about  14  feet  square,  but  on  the  west  side  there  i3 
a  length  of  720  feet  14  feet  in  width. 

Total  estimated  cost $90,000.00 

Total  expenditures  to  June  30, 1898,  inoluding  $1,200  paid  for  part  of  sand 

point 80,284.87 

Unexpended  July  1,  1898 7,716.13 

Nearly  one-half  of  the  unexpended  balance  is  due  for  liabilities 
incurred  previous  to  July  1. 

There  is  now  a  good  channel  100  feet  wide  and  10  feet  deep  between 
the  piers  and  200  feet  wide  with  same  depth  inside. 

The  drifting  of  sand  has  been  entirely  checked  by  the  sand  fence  and 
subsequent  growth  of  trees  and  other  vegetation,  and  the  channel 
depths,  since  dredging  in  the  clay  bottom,  have  been  maintained  \>y 
natural  conditions.  The  old  woodwork  above  water  is  in  a  very  rotten 
and  dilapidated  condition. 

At  the  end  of  the  last  fiscal  year  a  contract  had  been  executed  for 
repairs  and  reenforcing  the  piers  and  piling  by  putting  against  it,  upon 
both  sides,  a  riprap  slope  of  stone,  and  to  pave  the  top  of  wide  part  o^ 
west  pier  as  far  as  available  funds  permit. 

The  commencement  of  the  work  was  delayed  until  October  18, 189T» 
but  has  been  pushed  forward  since  that  time,  except  when  necessarily^ 
suspended  for  the  winter.  The  amount  of  stone  placed  in  and  agains^ 
the  piers  to  June  30, 1898,  is,  paving  stone,  56.8  tons ;  slope  stone,  34,43  • 
tons;  core  stone,  4,588.1  tons. 

As  a  small  balance  of  funds  remains  available  for  further  work,  th^ 
time  of  completion  of  contract  has  been  extended  to  July  31, 1898.  Tl>^ 
completion  of  work  under  this  contract  will  leave  the  piers  througho^^^ 
most  of  their  length  in  such  condition  that  they  will  withstand  ai^^ 
probable  forces  of  the  sea  ayd  ice  for  a  long  time,  and  the  balance  ^^ 
funds  estimated  to  complete  the  original  project  will  be  sufficient  ^^ 
put  the  piers  in  a  practically  permanent  condition.  ^^ 

The  necessities  of  commerce  at  Port  Clinton  are  not  great.  The^^- 
are  some  passenger  steamers  and  a  few  vessels  carrying  freights  ^^ 
local  importance  only,  and  several  tugs  and  other  small  vessels  aC^ 
engaged  in  fisheries. 

Port  Clinton  is  a  port  of  entry  in  the  collection  district  of  Sandnsky,  Ohio.  Tt^^ 
nearest  light  is  the  one  recently  established  on  outer  end  of  west  pier. 

Money  statement. 

July  1, 1897,  balance  nnezpended $12,153. 

June  30, 1898,  amount  expended  during  fiscal  year 4,438. 

July  1, 1898,  balance  unexpended 7,715.  ^ 

July  1, 1898,  outstanding  liabilities -.--     $3,756.40 

July  1, 1898,  amount  covered  by  uncompleted  contracts 2, 785. 96  ^ 

July  1, 1898,  balance  available l,17g>2^ 

'  Amount  (estimated)  required  for  completion  of  existing  project 15,  OOO.  ^ 

Amount  that  can  beprontably  expended  in  fiscal  year  ending  June  30, 1900  15, 0QO.W 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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lAii  of  appropriations  for  improving  harhor  of  Port  Clinton,  Ohio, 


10,1872 $8,000.00 

10, 1872  (allotment) 2, 000. 00 

i3,1875 6,000.00 

8tl4,1876 5,000.00 

18,1878 10,000.00 

i3,1879 10,000.00 

14,1880 •..  5,000.00 

13,1881 5,000.00 

Bt2,1882 6, 000.  CO 

rt5,1886 2,000.00 


Augnst  11, 1888 $6,000.00 

September  19, 1890 3, 000. 00 

July  13, 1892 10,000.00 

August  18,  1894 6,000.00 

June  3, 1896 6,000.00 

Total 88,000.00 

Expended  to  June  30,  1898 ....  80, 284. 87 

Unexpended  July  1, 1898 7, 715. 13 


f  contracts  for  improving  karhor  of  Port  Clinton,  Ohio,  in  force  during  the  fiscal  year 

ending  June  SO,  1898, 

Contract  for  reenforcing  with  stone  the  Jetties  at  entrance  to  Fort  Clinton  Harbor,  Ohio.] 

le  of  contractor,  John  Stang,  Lorain,  Ohio. 

)  of  contract,  Jane  30,  1897. 

)  of  approval,  July  20,  1897. 

)  of  commencement,  October  18, 1897* 

)  of  oompletioii,  not  completed. 


COMMBRdAL  STATISTICS. 


following  statistics  for  the  year  1897  relative  to  the  commerce  of  the  harbor 
b  Clinton,  Ohio,  were  compiled  from  information  furnished  by  the  collector  of 
LS  and  others : 


Beceipta. 


rtal 


Tons. 

845 
2,202 

660 
1,760 

fi,457 

Shipments. 


Fish 

Merchandise 

Hay 

Straw 

Orain 


Total 


Tons. 


200 

400 

46 

26 

98 


769 


right  tonnage: 


6,220 
8,267 

2,969 


Vessels. 

Nnmber. 

Tonnage. 

r ._.___.............w.............. ......... .■..........•...•.•..•••. 

86 
86 

2,670 

2,881 

"•"•••"••"••••""•"•"•*"••"•"•"•"•"•"""•""*""••"""""• 

flatered  tonnage : 


4,951 
8,946 

1,006 


ft  of  largest  vessels  using  harbor,  12  feet.    Largest  vessels  only  load  to  9  feet, 
w  vessel  lines  established  daring  the  year. 
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M  M  4- 

IMPROVEMENT  OF  SANDUSKY  HARBOR,  OHIO. 

The  harbor  of  Sandusky,  Ohio,  is  in  the  lower  part  of  Sandusky  Bay, 
the  water  of  which  has  depths  ranging  in  general  from  8  to  12  feet 
The  harbor  proper  is  on  the  city  front,  covering  a  length  of  about  7^800 
feet  along  and  inside  of  a  channel  dredged  to  a  d^pth  of  17  feet.  The 
easterly  end  of  the  dock  channel  is  connected  with  the  deep  channel  at 
Cedar  Point  by  a  straight  dredged  channel  200  feet  wide  and  17  feet 
deep  and  9,500  feet  long.  The  lighthouse  on  the  end  of  the  bar  betweeu 
the  lake  and  the  bay  is  11,000  feet,  by  the  straight  channel,  from  the  east 
end  of  city  front. 

The  channel  from  the  <<Deep  Hole"  at  Cedar  Point  to  a  depth  of  18 
feet  in  the  lake  is  over  6,000  feet  long,  and  half  the  distance  nearest 
the  lake  is  through  a  narrow  channel  of  somewhat  variable  depth,  gen- 
erally exceeding  17  feet,  but  sometimes  a  little  less. 

Before  the  channels  were  improved  by  dredging  and  other  means  the 
depths  over  the  bar  were  but  8  to  9  feet;  along  the  city  front  the  depth 
was  10  feet,  and  between  the  city  and  outer  bar  depths  ranged  from  9 
to  12  feet  through  a  circuitous  channel. 

Improvements  under  appropriation  of  June  11, 1844,  were  commenced 
in  the  same  year  by  constructing  a  small  dam  or  breakwater  across  a 
breach  in  the  point  which  then  partially  separated  the  waters  of  the 
bay  from  the  lake.  Subsequent  improvements  were  made  in  the  best 
natural  channels  until  1888.  From  1888  to  1894  a  straight  channel  200 
feet  wide  and  17  feet  deep  was  dredged  from  east  end  of  dock  channel 
to  Cedar  Point.  In  1894  the  other  channels  had  filled  to  such  extent 
that  vessels  drawing  13  feet  found  difficulty  in  reaching  the  wharves. 

Under  requirements  of  the  river  and  harbor  act  of  August  17, 1894, 
a  survey  and  estimate  of  cost  of  frirther  improvements  was  submitted. 
The  project  includes  dredging  channels  inside  the  bay  to  a  width  of 
200  feet  and  depth  of  17  feet;  over  the  bar  300  feet  wide  and  18  feet 
deep.  It  also  includes  a  jetty  2,500  feet  long  from  Cedar  Point  and  a 
dike  of  equal  length  on  the  opposite  side  of  the  channeL  The  estimated 
cost  was  $255,000. 

At  the  end  of  the  last  fiscal  year  the  straight  channel  had  been  nearly 
all  redredged  to  remove  the  fill;  channel  on  city  front  had  been  given  ft 
depth  exceeding  17  feet  throughout,  a  width  of  90  feet  in  west  section 
and  110  feet  in  east  section,  and  the  channel  over  outer  bar  had  a  depth 
exceeding  17  feet  over  a  minimum  width  of  90  feet.  The  jetty  had  been 
constructed  from  shore  a  distance  of  800  feet. 

At  the*  beginning  of  the  last  fiscal  year  contracts  were  outstanding 
and  incomplete  for  dredging  and  for  construction  of  jetty  from  Cedar 
Point.  In  each  case  the  work  was  to  be  carried  as  far  as  could  be  done 
with  funds  available  for  the  purpose. 

Dredging  in  channels  was  suspended  by  completion  of  contract  Jnly 
24, 1898.  The  amount  dredged  in  July  was  25,133  cubic  yards.  The 
total  dredged  under  the  con&act  was  61,281  cubic  yards  from  straight 
channel  and  east  section  of  dock  channel;  33,140  cubic  yards  from  west 
section  of  dock  channel,  and  28,664  cubic  yards  from  channel  over  oater 
bar.  In  addition  to  the  dredging  the  plant  was  employed  twelve  hours 
and  thirty-five  minutes  removing  bowlders,  most  of  which  had  been  p^^ 
viously  blasted. 

Work  upon  the  jetty  from  Cedar  Point  was  susx>ended  October  12, 
1897,  by  completion  of  contract.  The  jetty  had  then  been*  extended  tx) 
a  point  1,775  feet  from  shore  at  an  average  cost  of  about  $13.50  pcit 
linear  foot.    The  project  contemplates  a  length  of  2,500  feet. 
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|etty  is  a  sabstantial  construction  of  riprap  stone  placed  upon 
sses  of  brasb,  which  project  several  feet  beyond  the  foot  of  the 
n  each  side.  The  top  of  the  jetty,  10  feet  wide,  is  as  carefully 
practicable  at  a  grade  1  foot  above  mean  lake  level.  The  effect 
jetty  in  preventing  the  outflowing  currents  from  spreading  to 
>rd  is  already  perceptible  in  an  increased  depth  of  channel  over 
r.    Soundings  taken  in  June,  1898,  disclose  a  channel  having  a 

I  depth  of  more  than  18  feet  throughout.  It  is,  however,  still 
r,  the  minimum  width  between  contours  of  17  feet  being  100  feet. 
there  is  great  room  for  improvement,  the  channel  over  the  bar  in 
ring  of  1898  was  better  than  ever  before  known. 

ompliance  with  the  requirements  of  section  1  of  the  river  and 
r  act  of  June  3, 1896,  a  complete  survey  was  made  of  the  bar  and 
els  at  the  mouth  of  Sandusky  Bay,  and  a  report  with  estimate  of 
r  additional  improvements  considered  necessary  to  obtain  a  per- 
it  and  deep  channel  over  the  bar  was  submitted  t.o  the  Chief  of 
eers  under  date  of  March  17, 1898.    The  report  was  printed  with 

II  Document  No.  362,  Fifty-fifth  Congress,  second  session,  and  a 
s  appended  hereto  as  Appendix  M  M  16. 

project  is  essentially  an  extension  of  the  works  included  in  the 
t  previously  approved.  The  estimated  additional  cost  is  $240,196. 
stimated  cost  of  completing  works  previously  undertaken  is 
100.    Total  for  both,  $425,796. 

he  belief  that  the  completion  of  this  additional  work  will  result 
ermanent,  reliable,  and  deep  channel  of  ample  width  over  the  bar, 
bat  it  will  to  a  large  extent  improve  conditions  in  the  straight 
el  inside  the  bar,  the  officer  in  charge  of  the  improvement  recom- 
i  the  adoption  of  the  plans  and  the  completion  of  the  work  at  as 
a  date  as  may  be  practicable. 

expenses  of  the  survey  were  paid  from  the  appropriation  for  the 
irement.    Attention  is  specially  invited  to  the  complete  report, 
following  statement  shows  the  distribution  of  expenses  incurred 
appropriation  of  $40,000  by  act  of  June  3, 1896 : 

1896,  balance  unexpended  of  appropriation,  Aagust  17, 1894 $5, 902. 10 

nation,  June  3, 1896 40,000.00 

*otal 45,902.10 

Dg: 

ter  bar,  28,664  cubic  yards,  at  $0.14 4,012.96 

aight  channel  and  east  section  of  dock  channel,  61,281  cubic  yards, 

t$9.75 5,974.90 

et  section  of  dock  channel,  33, 140  cubic  yards,  at  $0. 17 5, 633. 80 

et  section  of  dock  channel,  remoyine  bowlders 314. 83 

pector  of  dredging  and  rock  removes 962.50 

«tingrock 1,126.12 

itingencies 66.15 

Total  for  deepening  channels 18,091.26 

leting  jetty: 

28.5  square  yards  brusb  mattress,  at  $0.29 2,560.27 

562.69  tons  stone,  at  $1.09 20,233.33 

piles,  at  $11 121.00 

Mrintendence 820.83 

btingencies 47.60 

ToUl  for  jetty ..„,    23,7837^ 

t  of  bar  and  channels 1,636.78 

lent  toward  purchase  of  steamer 1, 500. 00 

iind  other  contingent  expenses 534.74 

I'otal  expenditures  in  two  years 45,545.81 
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The  commerce  of  Saudnsky,  while  varying  somewhat  from  year  to 
year,  as  shown  by  the  statistics  received,  has  in  general  increased  until 
its  amount  had  grown  threefold  since  improvements  of  the  channels 
have  permitted  the  entrance  of  large  vessels.  The  harbor  is  especially 
well  situated  for  distribation  of  coal  from  the  mines  in  Ohio.  Arrange- 
ments are  now  being  made  looking  to  a  large  increase  in  the  freights 
at  Sandusky  Harbor.  In  1897  the  freights  reported  were  less  than  in 
1896,  but  the  registered  tonnage  showed  a  large  increase.  It  may  be 
remarked  that  much  of  the  coastwise  freight  is  not  reported  at  tbe 
local  custom-house,  and  the  returns  of  freights  are  therefore  incompleta 

Sandnslty  Harbor  is  in  the  ooUection  diatriot  of  Sandusky,  Ohio.  There  is  a 
light-house  on  Cedar  Point,  with  a  white  light  of  the  fifth  order,  and  a  range  beacon 
to  mark  the  channel  oyer  onter  bar.  Two  range  lights  mark  the  axis  ot  straight 
channel,  and  two  beacons  have  been  completed  to  mark  new  channel  over  onter  bar. 
The  latter  have  not  been  lighted  because  the  channel  improyement  is  not  sufficientlj 
advanced. 

Money  statement. 

July  1, 1897,  balance  unexpended I $29,679.45 

June  30, 1898,  amount  expended  during  fiscal  year 29, 323. 16 

July  1, 1898,  balance  unexpended 356.29 

'Amount  (estimated)  required  for  completion  of  existing  project ..   185, 000. 00 

J  Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900  185,000.00 
^  Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Amount  and  date  of  all  appropriatiana  for  improving  8andu$kjf  Harl>or,  Ohio* 


June  11,1844 $15,000.00 

August  30, 1852 15,000.00 

June  28, 1854  (allotment) 10, 000. 00 

June  23, 1866 38,580.00 

July  11,1870 10,000.00 

June  10,1872 13,000.00 

March  3,1873 25,000.00 

June  23, 1874 25,000.00 

March  3, 1875 25,000.00 

August  14,1876 25,000.00 

June  18, 1878 20,000.00 

March  3, 1879 1,000.00 

July  14,1880 12,500.00 

March  3, 1881 10,000.00 

Note. — The  above  is  exclusive  of  $400  appropriated  for  a  survey  by  act  of  May  20> 
1826. 


August  2, 1882 $10,000.00 

July  5, 1884 20,000.00 

August  5,1886 5,000.00 

August  11, 1888 40,000.00 

September  19, 1890 45,000.00 

July  13, 1892 41,712.00 

August  18, 1894 30,000.00 

June  3, 1896 40,000.00 

Total 476,793.00 

Expended  to  June  30, 1898 . ..  476, 435. 71 

Unexpended  July  1, 1898 366. 29 


LIST  OF  CONTRACTS  FOR  IMPROVING  HARBOR  AT  SANDUSKY,  OHIO,  IN  FOBCB  DUBINO 

THB  FISCAL  YEAR  ENDING  JUNE  30,  1898. 

Contract  for  dredging. 

Name  of  contractor,  Carltin,  Stickney  &  Cram,  Detroit,  Mich. 

Date  of  contract.  August  17,  1896. 

Date  of  approval,  August  28,  1896. 

Date  of  commencement,  September  7, 1896. 

Date  of  completion,  July  24. 1897. 

Contract  for  ooMtruoting  a  $tone  and  brush  Jetty  from  Cedar  PoinL 

Name  of  contractor,  John  Stang,  Lorain,  Ohio. 

Date  of  contract,  August  15,  1896. 

Date  of  approval,  August  25,  1896. 

Date  of  commencement,  September  22,  1896. 

Date  of  completion,  October  12, 1897. 


i 
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COMMKRCIAL  8TATISTIGS. 


statistics  for  the  year  1897  relative  to  the  commerce  of  the  harbor 
lio,  were  compiled  f^om  information  furnished  by  the  collector  of 


era: 


dpts. 


iM. 


Tons. 


01,486 

134.455 

119,000 

40,000 

78.148 

46,982 

17,633 

12,000 

9,808 

7,020 

4,770 

8,464 

4,000 

8,500 

2,138 

3,100 


577,889 


Shipments. 


Coal 

Merchandise 

Stone 

Lime 

Cement 

Lumber 

Sand 

BaU 


Total 


Tons. 


867,951 

25.006 

18,892 

8,290 

1,290 

466 

1,600 

600 


414,085 


fe: 


nage: 


991.974 
1,883,455 

891,481 


Vessels. 

Nnmber. 

Tonnage. 

4,101 
4,176 

706. 475 

704,736 

it  Teasels  using  harbor.  20  feet.    Largest  vessels  do  not 
vessel  lines  establishedf  daring  the  year. 


1,411,211 
1,046,332 

864,879 


load  to  full 


M  M  5. 

IMPROVEMENT  OF  HURON  HARBOR,  OHIO. 

small  town  about  9  miles  east  of  Sandusky.  Its  harbor 
led  mainly  by  a  part  of  the  river  not  exceeding  one  half 
inside  the  shore  line,  and  by  a  large  slip  or  dock  dredged 
Le  to  afford  facilities  for  handling  iron  ore. 
le  mouth  of  the  river  was  occasionally  closed  by  a  sand 
iS  in  that  condition  in  1826,  when  the  plan  of  improve- 
>pted.  The  project  was  for  parallel  piers  of  timber  crib 
ith  stone,  extending  into  the  lake,  140  feet  apart.  The 
Iredged  at  various  times,  and  piers  were  repaired  and 
ecessities  required  until  1890,  when  the  present  project  of 
piers  to  a  depth  of  16  feet  in  the  lake  was  adopted.    The 
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estimated  cost  of  that  project,  revised  in  1893,  was  $145,000,  exclosive 
of  all  expense  for  maintenance. 

The  total  cost  of  oonstrnotion  and  maintenanoe  of  pien  and  channel  to 

June  30. 1897,  was $171,625.80 

Expended  daring  last  fiscal  year 73&14 

Total  to  June  30, 1898 172,261.94 

The  outer  end  of  west  pier,  a  length  of  340  feet,  has  been  boilt  within 
a  few  years  and  is  in  good  condition,  and  two  parts  of  same  pier,  a  total 
of  2S8  linear  feet,  have  had  the  superstructure  rebuilt  On  the  east 
side  the  outer  end  for  a  length  of  152  feet  is  nearly  new,  and  in  good 
condition.  The  remainder  of  the  piers,  a  length  of  892  feet  on  west 
side,  and  770  feet  on  east  side,  is  in  very  bs^  condition,  the  super- 
structure is  in  an  advanced  stage  of  decay,  the  cribs  are  worn  by  ice 
and  attrition  of  other  elements,  are  more  or  less  torn  apart  by  uneqaal 
settlement,  and  injured  by  other  causes  to  such  extent  that  no  mere 
repair  will  suffice  to  put  it  in  good  condition.  Aside  from  the  bad  con- 
ditions from  causes  above  indicated,  there  are  others  which  are  theo^^ 
growth  of  the  varjdng  conditions  of  navigation  and  commerce.  In  the 
earlier  years  of  these  improvements  the  draft  and  tonnage  of  vessels 
were  small,  no  very  great  channel  depths  were  required,  and  the  piers 
therefore  rested  upon  the  bottom  of  the  lake  in  depths  no  greater,  and 
often  less,  than  the  depth  of  channel.  The  great  development  of  com- 
merce has  increased  the  size  of  vessels,  and  the  increased  depths 
through  the  canals  and  rivers  between  the  lakes  have  encouraged  the 
construction  of  vessels  capable  of  drawing  18  or  even  20  feet  of  water. 
In  attempting  to  keep  pace  with  these  depths  in  harbor  channels  the 
older  p'arts  of  many  piers  have  been  undermined  and  have  partially 
or  wholly  slid  into  the  channel.  These  remarks  apply  not  only  to  the 
piers  at  Huron,  but  to  all  other  places  upon  Lake  Erie  where  harbor 
improvements  have  been  made  by  parallel  piers  at  the  mouths  of  rivers. 

At  the  beginning  of  the  fiscal  year  a  small  balance  of  funds  remained 
available  for  the  improvement.  The  stage  of  water  in  August  was 
quite  low  and  complaint  was  received  that  large  steamers  found  diffi- 
culty in  reaching  the  wharves.  The  United  States  dredge  plant  from 
Toleido  Harbor  was  therefore  employed  to  improve  the  channel  asfiff 
as  possible  with  available  funds.  From  August  11  to  August  25  the 
dredge  removed  9,347  cubic  yards  of  materisd  from  the  channel  in  the 
lake  outside  the  piers,  at  a  cost,  for  operating  expenses  only,  a  little 
less  than  8  cents  per  cubic  yard. 

While  the  approved  project  contemplates  a  depth  of  but  16  feet,  there 
is  now  a  good  channel  having  a  depth  exceeding  17  feet  at  mean  lake 
level.  Owing  to  the  location  with  reference  to  the  directon  of  shore 
lines  and  the  character  of  the  bottom  outside,  the  bar  at  Huron  Harbor 
is  less  variable  than  at  most  other  places  on  the  lake,  and  a  channel 
once  obtained  is  less  liable  to  varying  depths. 

The  present  project  for  improvement  contemplates  extending  the  vest 
pier  a  distance  of  600  feet  and  the  east  pier  568  feet  It  is  believed 
that  very  much  better  and  more  permanent  results  will  be  obtained  ii 
this  project  be  modified  in  such  manner  as  to  make  no  further  ezton* 
sions  to  piers,  but  to  construct  small  detached  breakwaters  convergio| 
toward  the  lake,  as  adopted  for  Conneaut  and  Ashtabula  harbors  and 
proposed  for  Lorain  Harbor.  The  breakwaters  at  Huron,  even  if  oj 
more  extensive  than  the  additional  piers  included  in  the  project,  woald 
be  of  much  greater  benefit  than  any  mere  extensions  of  parallel  piers* 

The  harbor  of  Hnron  has  not  an  extensive  commerce  as  compared  to  the  Uip 
ahipping  ports  on  Lake  Erie.  The  annual  average  of  freights  for  six  yearly  fr**^ 
18^  to  1897,  inclnsive,  was  368,871  tons. 
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t>or  is  in  tlie  collection  district  of  SanduBky,  Ohio.    There  is  a  fixed 
f  the  fourth  order  on  the  outer  end  of  the  west  pier. 

Money  statement. 

>alanoe  unexpended $747.91 

amount  expended  during  fiscal  year 736.14 

>alance  unexpended 11. 77 

timated)  required  for  completion  of  existing  project 117, 600. 00 

t  can  he  profitahly  expended  in  fiscal  year  ending  June  30, 1900    76, 000. 00 
in  compliance  with  requirements  of  sections  2  of  river  and 
ts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


and  date  of  all  appropriations  for  improving  harlor  of  Huron,  Ohio, 


$5,000.00 

4,413.35 

5,935.00 

1,880.36 

3,480.00 

1,500.00 

6,700.00 

4,300.00 

2,565.00 

5,000.00 

5,000.00 

>2 10,000.00 

39,000.00 

1,500.00 

1,000.00 

1,000.00 


June  14, 1880 

March  3, 1881 

August  2, 1882 

July  5, 1884 

August  5, 1886 

August  11, 1888.... 
Septemher  19, 1890. 

July  13, 1892 

August  18, 1894.... 
June  3, 1896 


Total 

Expended  to  June  30, 1898 . 


$3,000.00 

3,000.00 

2,500.00 

7, 500. 00 

8,000.00 

6, 000. 00 

16, 000. 00 

15, 000. 00 

10,  OUO.  00 

8, 000. 00 

172, 273. 71 
172, 261. 94 


Balance  unexpended  July  1, 
1898 


11.77 


COMMERCIAL  STATISTICS. 


ng  statistics  for  the  year  1897  relative  to  the  commerce  of  the  harhor 
io,  were  compiled  from  information  famished  by  the  collector  of  cus- 


irs: 


leceipts. 


Tons. 


22R,182 

6,000 

100 

200 


233,482 


Shipmezits. 


Coal 


Total 


Tons. 


211,543 


211,543 


nage: 


445,025 
518,767 

73,742 


Yeasels.                                              * 

Number. 

Tonnage. 

142 

158 

134,278 

147, 310 

• 

tonnage: 


281,588 
350, 312 

68,728 


rgeet  vessels  using  harbor,  20  feet.    Largest  vessels  do  not  load  to  full 
BW  vessel  lines  eetablishea  during  the  year. 
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M  M  6. 

IMPROVEMENT  OF  VERMILION  HARBOR,  OHIO. 

Yermilion  Harbor  is  in  the  Yermilion  River  near  its  mouth,  aboat20 
miles  east  of  the  entrance  to  Sandusky  Bay,  Ohio. 

The  improvements,  commenced  in  1836,  consisting  of  parallel  piers  of 
timber  crib  work  filled  with  stone,  supplemented  by  dredging  aud 
removal  of  rock  to  a  depth  of  14  feet,  were  completed  in  1879,  sioce 
which  time  all  expenditures  have  been  for  the  necessary  examinations 
of  channel  and  for  maintenance  of  piers. 

Expended  on  construction  and  maintenance,  1836  to  1879,  inclnsiye $113,701.28 

Expended  for  maintenance,  1880  to  June  30, 1898 18,980.43 

Total  expenditure  to  June  30, 1898 132,681.71 

It  will  be  observed  that  the  expenditures  for  maintenance  have  aver- 
aged about  $1,000  per  year,  but  the  expenditures  have  fallen  far  short 
of  maintaining  the  piers  in  good  condition  or  even  channel  depths. 

In  1879  the  channel  was  reported  as  having  been  dredged  to  a  depth 
of  14  feet,  a  considerable  part  of  which  was  cut  through  a  bottom  of 
rock,  which  is  at  that  place  a  kind  of  shale.  There  are  no  sand-bar 
formations  outside  the  ends  of  piers  at  Yermilion,  but  the  currents  of 
the  river  are  only  sufficient  to  maintain  mid-channel  depths  generally 
exceeding  11  feet,  with  12  to  14  feet  in  places  between  the  piers. 

A  part  of  west  pier  90  feet  long,  removed  and  rebuilt  in  1896,  is  the 
only  part  of  the  entire  piers  which  is  in  a  thoroughly  good  condition; 
72  feet  in  length  of  west  pier  on  the  outer  end,  on  which  the  light-hoase 
stands,  next  to  the  new  section,  can  be  made  to  last  for  many  years 
with  suitable  repairs.  The  outer  end  of  east  pier,  a  length  of  317  feet, 
is  in  fairly  good  condition  above  water,  that  part  having  been  rebailt 
in  1892.  An  additional  length  of  185  feet  can  be  made  to  do  service 
for  a  considerable  time,  but  will  need  attention  and  repairs.  The  remain- 
ing parts  of  piers,  a  total  of  about  1,542  feet  in  length,  are  in  such 
condition  both  above  and  below  water  that  any  attempt  at  repairs  coold 
not  possibly  produce  satisfactory  results. 

The  condition  of  these  piers  was  quite  fully  described  on  page  29%} 
Beport  of  Chief  of  Engineers  for  1896,  but  since  that  date  the  effects  of 
two  years  have  been  added.  A  section  of  pier  on  the  east  side,  imme- 
diately inside  the  shore  line  and  joining  the  part  of  502  feet  in  length 
from  outer  end,  has  been  broken  entirely  through,  so  that  northeasterly 
storms  send  the  seas  over  the  beach  and  into  the  channel.  But  for  logs 
and  willows  upon  the  beach  the  breach  would  be  as  deep  as  the  channel 
itself. 

A  small  map  of  Vermilion  Harbor  is  in  Report  of  Chief  of  Engineers 
for  1891,  opposite  page  2848. 

Ko  plans  nor  estimates  for  renewing  or  reenforcing  these  piers  can  be 
submitted  unless  required  by  Congress,  but  these  statements  are  made 
in  order  that  the  conditions  may  be  known. 

The  commerce  of  Vermilion  Harbor  is  very  small  and  entirely  local 
The  total  number  of  tons  of  freight  reported  in  six  years  has  been  but 
23,903,  an  annual  average  less  than  4,000  tons.        ' 

The  harbor  is,  however,  considerably  used  by  small  fishing  vessels 
which  do  not  appear  in  the  statistical  returns.  The  refuge  afforded  to 
these  boats  gives  at  least  some  small  reason  for  the  maintenance  of  tho 
piers  and  light-house.  ^. 

An  examination  of  the  channel  and  piers  was  made  in  June,  l39o* 
The  expenditures  of  the  last  tiscal  year  have  been  for  examinations  <» 
channel  and  contingent  office  work. 
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rbe  estimate  of  $2,000  for  completion  of  project  is  simply  the  niiap- 
opriated  balance  of  an  estimate  of  $14,000  submitted  in  1882  for  repairs 
teded  at  that  time.  The  expenditnre  of  so  small  a  sum  by  itself  woald 
rodace  no  appreciable  good  effects  save  possibly  in  strengthening  the 
ater  end  of  pier  npon  which  the  light-house  stands. 

YdimiUofii  is  in  the  collection  district  of  SandaBky,  Ohio.  There  is  a  fixed  light  of 
he  fifth  order  on  the  west  pier. 

Money  statement, 

Mj  1,1897,  balance  unexpended 

June  90, 1S9S,  amount  expended  daring  fiscal  year 


$444.82 
425.25 


July  1;  1898,  balance  unexpended. 


19.57 


Amoont  (estimated)  required  for  completion  of  existing  project 2, 000. 00 

<  Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
.  harbor  acts  of  1866  and  1867. 


Amount  and  date  of  all  appropriatiom  for  improving  VarmiUon  Harhor,  Ohio, 


Jnly2,1836 $10,000.00 

March3,1837 20,000.00 

Joly7,1838 23,626.57 

Jvie  28, 1864  (aUotmen  t) 5, 758. 97 

Jane  23, 1866 15,315.74 

Jon6l0,1872 5,000.00 

March3,1873 12,000.00 

Jwe23,1874 3,000.00 

March  3,1876 10,000.00 

AngUBt  U,  1876 5,000.00 

Jonel8,1878 4,000.00 

J«Bel4,1880 2,000.00 

Mttch8,1881 2,000.00  | 


August  2, 1882 $3,000.00 

Augusts,  1886 3,000.00 

August  11, 1888 1,000.00 

September  19, 1890 2,000.00 

July  13,  1892 2,000.00 

August  18,  1894 2,000.00 

June  3, 1896 2,000.00 

Total 132,701.28 

Expended  to  June  30,  1898. . .  132, 681. 71 


Balance  unexpended  July  1, 
1898 


19.57 


COMMERCIAL  STATISTICS. 

The  foUowing  statistics  for  the  year  1897  relative  to  the  commerce  of  the  harbor 
of  Yennilion,  Ohio,  were  compiled  from  information  furnished  by  the  collector  of 
<^Qiton]8  and  others: 


Beceipls. 


ToW. 


Tons. 


1,286 

801 

8 


1,590 


Shipments. 


Fish, 


Total 


Tons. 


2,230 


2,236 


^^ freight  tonnage: 

1W7 8,826 

MM 8,482 


844 


YcMels. 


Tonnage. 


1,876 
1,884 


"•*^gtat«»d  tonnage : 

uw.'.':::::: 


Deec«aM. 


8,760 
4,562 

802 


^lutest  depth  of  water,  about  13  feet.    Largest  vessels  can  only  load  to  11}  feet. 
^^  YeiBel  lines  established  during  the  year. 

BHa  9a— 167 


i 
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M  M   7. 
IMPROVEMENT  OF  BLACK  RIVER  (I.ORAIN)  HARBOR,  OHIO. 

This  harbor  is  in  the  city  and  township  of  Lorain,  Ohio,  where  the 
Black  Eiver  empties  into  Lake  Erie,  and  it  wonld  more  properly  be 
designated  as  the  harbor  of  Lorain,  Ohio. 

The  river  and  harbor  act  of  May  23,  1828,  made  an  appropriation 
^<  toward  removing  the  sand  bar  at  or  near  the  month  of  Black  Biverin 
the  State  of  Ohio,  by  the  erection  of  piers  or  other  works,  seven  thoa- 
sand  five  hundred  dollars."  A  project  for  improving  the  channel  by  con- 
fining the  current  between  parallel  piers  was  therefore  adopted.  The 
piers  have  been  extended,  repaired,  and  parts  have  been  rebuilt,  and 
the  channel  has  been  dredged  to  keep  pace  as  far  as  possible  with  the 
requirements  of  commerce,  but  no  radical  change  in  the  original  project 
has  thus  far  been  approved. 

The  last  extension  to  east  pier  was  a  length  of  40  feet  in  1893,  and  to 
the  west  pier  40  feet  in  1893,  and  72  feet  in  1895.  The  east  pier  is  now 
approximately  1,562  feet  in  length,  and  the  west  pier  1,896  feet  in 
length;  there  is  also  a  pile  revetment  550  feet  in  length  inside  the  shore 
line  on  east  side. 

At  the  close  of  the  last  fiscal  year,  the  work  of  removing  and  rebuild- 
ing a  section  of  the  old  west  pier  396  feet  in  length  was  in  progress. 
The  section  of  new  pier  was  entirely  completed  December  24, 1897. 
The  materials  required  were  purchased  by  informal  contract  after  pro- 
curing proposals  by  circular  letter.  The  removal  of  old  substructure 
and  dredging  to  make  a  deeper  foundation  on  which  to  rest  the  new 
work  was  also  done  by  informal  contract  at  the  lowest  prices  which 
could  be  obtained. 

The  machine  furnished  for  the  dredging  was  of  small  capacity;  the 
material  to  be  removed  for  foundation  contained  many  bowlders,  and 
was  very  variable  in  quality.    In  some  places  the  bottom  was  hard  and 
in  some  places  soft,  so  that  the  foundation  obtained  at  a  mean  depth  of 
19.5  feet  was  not  as  uniform  and  level  as  it  should  have  been.    The 
alignment  of  the  botttm  of  the  crib  was  very  exact ;  but  cross  walls  of  the 
crib  being  solid  and  sufficiently  strong  to  prevent  any  change  in  cross 
section,  the  top  of  the  crib  at  water  level  was  thrown  more  or  less  out  of 
alignment,  corresponding  with  the  varying  levels  in  cross  section  of  foun- 
dation, though  somewhat  less  in  amount  because  the  width  of  crib  at 
bottom  is  24  feet  while  the  height  to  water  surface  is  but  19.5  feet.    The 
varying  alignment  of  crib  was  nearly  corrected  by  gradual  offsets  in  the 
timber  courses  of  superstructure,  but  at  considerable  added  expense  for 
labor.    The  work  involved  removing  about  401  feet  of  old  pier  and  of 
filling  the  small  space  at  north  end  and  larger  space  at  south  end  with 
temporary  constructions  to  serve  until  the  other  parts  are  built.    The 
new  work  is  in  one  crib  18  feet  wide,  with  base  projecting  3  feet  on  each 
Bide,  built  according  to  thelatestmethodswithout  dovetailsi    All  timber 
ends  above  water,  whether  abutting  or  not,  are  well  painted  as  a  means 
of  retarding  decay. 

The  superstructure  is  but  4  feet  above  mean  lake  level  and  there  ara 
two  heavy  fenders  of  oak  timber  bolted  longitudinally  to  the  channel 
£eu^  of  the  pier. 

The  entire  cost  of  the  pier  is  as  follows : 

Parchase,  hire,  and  repair  of  plant ^^^S 

Mooring  piles *'* 

Timbar  and  plank,  per  M :  „  ^ 

White  oak,  4,760  fpet,  at  $20 ^32 

Whiteplne,  158.676  feet,  at $19 ^'^'5 

Hemlock,  403,461  feet,  at  $11.50 <»©9.» 
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D,  per  pound : 

Driftbolta.  34,797  poands,  at  $0.0134 J...  $466.28 

Roda,  with  screws  and  nnU,  23.417  ponnds,  at  $0.0139 325.50 

Serew  bolts,  43,570  pounds,  at  $0.0143 623.05 

Screw  bolts,  2,095  ponnds,  at  $0.025 62.37 

Spikes,  2.400  pounds,  at  $0.0149 35.76 

Spikes,  200  pounds,  at  $0.0175 3.50 

Waabezs,  3,040pounds,  at$0.0143 40.47 

Washers,  l,399pounds,  at$0.0139 19.44 

Washers,  368  pounds,  at  $0.02 7.36 

me,  per  cord : 

Stone,  95  cords,  at  $2.84 269.80 

Stone,  837  cords,  at  $3.84 3,214.08 

mnrraf[e  oh  stone  yessels 180.00 

moving  old  pier  and  dredging  foundations,  by  informal  contract 3, 000. 00 

bor  and  superintendence 3,112.24 

Totalcostof  396  linear  feet  of  new  pier 19,316.37 

Items  not  shown  in  above  list,  bnt  covered  in  the  cost  of  labor  and 
iteiialSy  are  the  removal  of  401  feet  of  snperstrnctnre  of  old  work, 
moviugy  storing,  and  replacing  112  cords  of  stone  from  old  work,  and 
icing  temporary  work  iii  5  linear  feet  of  pier  to  close  intervals  between 
w  and  old  pier.  The  last  pier  constrnction  by  contract  at  Lorain 
irbor  was  in  1895. 

AX  the  prices  paid  nnder  contract  the  396  feet  of  pier  at  Lorain,  eon- 
-ncted  by  hired  labor  in  1897,  wonld  have  cost  as  follows: 

GO  feet  white  oak,  at  $40  per  M $190.40 

1,676  feet  white  pine,  at  $33  per  M 6,236.31 

U51  feet  hemlock,  at$23  per  M 9,279.37 

797  pounds  driftbolts,  at  $0.03  per  pound 1,043.91 

417  pounds  rods,  at  $0.03  per  pound  (same  as  driftbolts) 702. 61 

665  pounds  screw  bolts,  at  $0.04  per  pound 1,826.60 

OO  ponnds  spikes,  at  $0.04  per  pound 84.00 

07  pounds  washers,  at  $0.01  per  pound 192.28 

t  cords  stone,  at  $5.75  per  cord 5,349.00 

DOTing  old  pier  and  diedging  foundations  by  contract,  assumed  as  same 

nbotb  cases 3,000.00 

Imtj  of  inspector,  six  months,  at  $125 760.00 

ttmated  cost  at  latest  contract  prices 27,654.38 

State  per  linear  foot,  $69.83. 

tual  cost  by  hired  labor,  etc 19,316.37 

Difference  in  favor  of  hired  labor,  etc 8,338.01 

letual  cost  of  construction  per  linear  foot,  $48.78. 

The  method  of  constrnction  was  essentially  the  same  as  that  shown 

r  timber  portion  of  east  pier  at  Gleveland  Harbor,  Ohio,  shown  in 

ates  opposite  page  3080,  Report  of  Chief  of  Engineers,  1897.    It  is 

180  shown  npon  plates  Fos.  1,  2,  and  3,  accompanying  this  report. 

After  the  new  section  of  pier  was  in  position  it  was  fonnd  necessary 

oimmediately  remove  a  bank  which  had  been  thrown  np  or  washed 

'^ugh  the  opening  into  the  channel,  and  a  dredge  plant  was  employed 

for  the  parpose  thirty-seven  hours^  at  $9  per  hour.    In  November,  1897, 

mach  difficulty  was  experienced  in  getting  loaded  vessels  to  and  from 

tlie  wharves,  and  a  dredge  was  employed  to  deepen  the  channel  by  the 

^^oval  of  4,184  cubic  yards  of  material,  at  20  cents  per  cubic  yard. 

lii  June,  1897,  a  survey  was  made  of  the  channel  and  a  width  of  400 

leet  on  each  side.    The  result  shows  a  good  channel  between  piers  and 

^  aeep  water  outside,  with  a  minimum  middle  depth  exceeding  18  feet. 


2660      REPORT  OP   THE   CHIEF  OF  ENGINEERS,  U.  8.  ARMY. 

The  following  entimate  shows  the  distribution  of  expenses  nnd 
appropriation  of  Jane  3, 1896 : 

On  hand  July  1,  1896 $30 

Dredging  and  inspection  in  fall  of  1896 6 

Repairing  east  pier,  1896 

Rel>ailding  396  feet  west  pier 19 

Dredging  and  inspection  in  fall  of  1897 2 

Office  and  contingent  expenses  of  all  kinds 1 

Balance  on  hand  July  1, 1898 

Total 30 

Under  date  of  November  1, 1897,  a  report  of  a  survey  of  the  1 
of  Black  River  (Lorain),  Ohio,  was  submitted,  with  an  estimate 
cost  of  improvement  "with  a  view  to  proviiling  better  access  t 
harbor  and  the  safety  of  boats  therein,"  as  required  by  the  rivi 
harbor  act  of  June  3, 1896.  The  report  was  forwarded  to  Congre 
printed  in  House  Doc.  No.  131,  Fifty-fifth  Congress,  second  sessic 
copy  is  appended  hereto  as  Appendix  M  M  17. 

The  estimated  qpst  of  works  recommended  is  $695,500. 

The  freight  tonnage  of  Lorain  Harbor  is  increasing  rapidly,  an 
present  indications  will  be  doubled  within  the  next  two  years. 

Black  Birer  (Lorain)  Harbor  is  in  the  collection  district  of  Cuyahogt 
There  is  a  fixed  white  light  of  the  fourth  order  on  the  outer  end  of  west  pie 
beacon  on  the  inner  end  of  west  pier  to  form  a  range  for  entering  the  harbor 

Money  statement. 

July  1, 1897,  balance  nnexpended $12 

June  30, 18^  amoant  expended  daring  fiscal  year 12 

Jnly  1,1898,  balance  unexpended 

July  1, 1898,  outstanding  liabilities 

July  1, 1898,  balance  available 

f  Amount  (estimated)  required  for  completion  of  existing  project 31 

<  Submitted  in  compliance  with  requii^ents  of  sections  2  of  river  and 
t    harbor  aots  of  1866  and  1867. 


Amount  and  date  of  all  appropr%ation$  for  improving  Black  Biter  Rarhor,  C 


May  23, 1828..: $7,500.00 

April  23, 1830 8,569.77 

March2.1831 9,275.00 

July  3, 1832 8,000.00 

MaT0h2,1833 2,400.00 

June  28,1834 5,000.00 

March  3, 1835 4,400.00 

July  2,  1836 6,660.00 

Marchd,1837 6,410.00 

July  7,  1838 5,000.00 

August  30, 1852 5,000.00 

June  28, 1864  (allotment) 20, 000. 00 

June23,  1866 10,000.00 

June  10,  1872 20,000.00 

March  3,1873 20,000.00 

June  23.  1874 20,000.00 

March  3, 1875 10,000.00 

August  14, 1876 6,000.00 


June  18, 1878 $ 

JuneU,  1880 

March  3, 1881 ' 

August  2, 1882 ' 

Jn^rS,  1884 K 

Augusts,  1886 1( 

August  11, 1888 1< 

September  19, 1890 11 

July  18,  1892 2( 

August  18, 1894 1( 

Junes,  1896 .^ 8C 

Total 292 

Expended  to  June  30, 1898. ..  292, 

Balance  unexpended  Jnly  L 
1898 


IHPROVINQ  CLEVELAND  HARBOR.  OHIO,  ! 


I  NO  CONCRETE  a 


..h». 


tOdMg.: 

VeucO). 

Number. 

Tonnac*. 

TM 

ndtannnie: 

^ 

largeat  veisels  dbIdk  harbor,  18  feet.     Lnrgest  Teasels  only  load  to  17.6 

lew  Teasel  lines  estabUshed  during  the  year. 


M  M  8. 

IMPBOVEMEarr  of  CLBYELAND  HAEBOB.  OHIO. 

rbor  of  Cleveland,  Obio,  U  formed  mainly  by  the  navigable 
}f  tbe  Onyaboga  River,  ioclading  a  part  of  the  old  river  bed, 
present  channel  to  a  point  near  where  the  river  flowed  into  tbe 
imos,  previous  to  the  year  1800.  In  the  past  few  years  a  part 
[e  front  behind  the  east  breakwater  has  been  improved  by  the 
ion  of  extensive  wharves  and  slips,  with  machinery  for  load- 
LQd  accommodations  for  freight  and  passenger  trafBc. 
tire  harbor  accommodatioua  at  Cleveland  are  the  direct  or 
esnlt  of  improvemente  made  since  1826,  when  they  were  ficst 
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In  1895  an  opening  of  200  feet  was  made  in  the  shore  arm  of  wesi 
breakwater  as  a  means  of  purifying  the  water  in  the  anchorage  basii 
and  of  forming  an  outlet,  so  that  the  impure  water  might  flow  along  thi 
shore  without  passing  out  at  the  harbor  entrance  and  coutaminatiiii 
the  city's  water  supply.  See  Beport  of  Ghief  of  Engineers,  1895 
page  3103. 

The  anticipations  have  been  fully  justified  by  results.  Before  th4 
opening  was  made  the  officer  in  charge  of  the  improvement  had,  oi 
various  occasions,  observed  the  foul  and  discolored  water  from  therivei 
passing  within  distinctly  defined  limit<s  into  the  lake,  and  thence  spread 
ing  westward  around  the  intake  crib  for  thecity's  water  supply;  onon^ 
occasion  he  observed  various  kinds  of  old  refuse  covering  the  wateo 
around  the  crib  and  connected  with  the  river  by  a  continuous  strip  o 
the  same  material.  Oil  refineries  are  situated  near  the  river,  below  th4 
head  of  navigation,  and  the  refuse  of  petroleum,  which  flowed  into  th4 
river  and  thence  to  the  lake  with  the  city  sewage,  was  firequently  observ' 
able,  by  its  taste,  in  the  city  water.  Since  the  opening  in  the  break 
water  was  completed  no  such  taste  has  been  observed,  so  far  as  u 
known.  It  is  therefore  believed  that  the  breakwater,  leaving  openings 
at  both  ends  for  currents  to  pass  alongshore,  and  intervening  as  the^ 
do  between  most  of  the  sewer  outlets  and  the  water  intake  crib,  are  no 
only  serviceable  for  commercial  reasons,  but  are  now  very  useful  allw 
in  city  sanitation.  In  1896  the  part  of  old  east  pier,  450  feet  long,oat; 
side  of  harbor  line,  was  entirely  removed  and  a  new  pier  322  feet  lon^ 
with  timber  and  stone  substructure  and  masonry  superstructure,  wa^ 
built  in  its  place. 

The  river  and  harbor  act  of  June  3, 1896,  authorized  contracts  to  b^ 
entered  into  to  cover  certain  Improvements  of  Cleveland  Harbor  at  as 
expense  not  to  exceed  $1,354,000.  The  improvements  include  repair 
ing  west  breakwater,  sheathing  face  of  east  breakwater,  extending eas^ 
breakwater  to  point  pf  completion,  removing  and  rebuilding  west  p^' 
at  mouth  of  the  liver,  and  widening  the  channel. 

At  the  close  of  the  last  fiscal  year  a  contract  had  been  executed  fo- 
repairing  west  breakwater  at  an  estimated  cost  of  $413,843.78  upo* 
basis  of  contract  prices. 

Work  under  the  contract  was  commenced  August  1, 1897,  and  wa^ 
continued  through  the  remainder  of  fiscal  year  except  when  suspendec 
because  of  winter  weather. 

The  work  accomplished  by  the  contractors  to  June  30, 1898,  is  as  fol 
lows:  Made  201  blocks  of  concrete,  each  containing  160  cubic  feet  (4b$ 
4  by  10  feet);  76  concrete  blocks,  each  containing  140  cubic  feet  (3.S 
by  4  by  10  feet),  and  1  block  containing  89.6  cubic  feet  (3.5  by  4  by  6.4 
feet).  Of  these  blocks  92  of  the  largest  size,  44  of  the  next  size,  and 
the  smallest  block  have  been  set  in  the  work. 

A  length  of  500  linear  feet  of  the  old  sux)er8tructure  has  been  removes' 
to  a  mean  depth  of  2.5  feet  below  mean  lake  level,  and  has  been  reia- 
forced,  secured  with  iron  rods,  and  otherwise  prepared  to  receive  th^ 
heavy  stone  blocks.    Four  hundred  linear  feet  of  the  new  concrete  super- 
structure has  been  completed,  and  50  feet  in  addition  has  the  concrete 
blocks  set  in  position.    In  addition  to  the  blocks,  the  amount  of  concrete 
placed  is  2,989.1  cubic  yards.    Six  hundred  linear  feet  of  the  lakefaceof 
the  timber  cribs  which  support  the  concrete  have  been  sheathed  with  oa* 
plank  4  inches  thick  and  an  average  length  of  13.1  feet;  an  additioDa/ 
length  of  150  feet  has  been  covered  with  the  plank  which  has  not  beefl 
fastened  with  lag  screws.    Thirty-five  thousand  eight  hundred  aou 
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twenty  feet  of  old  timber  removed  from  below  water  has  been  used  in 
reinforcing  the  cribs  to  support  masonry,  and  20^50.7  feet  B.  M.  hem- 
lock, 6,520.4  pounds  lag  screws,  1,013.1  pounds  screw  bolts,  4,320  pounds 
anchor  bolts,  4,616.4  pounds  tie-rods,  and  308  pounds  mooring  rings 
haye  been  expended  in  the  work. 

The  work  of  repair  and  renewal  was  commenced  on  the  north  side  of 
the  opening  in  west  breakwater  and  was  carried  northward.  Accom- 
panying this  report  are  eight  photographs  to  explain  the  condition  of  the 
old  and  the  new  work  and  the  method  of  carrying  on  the  repair. 

The  part  now  being  renewed  was  constructed  in  1879,  and  had  there- 
fore been  standing  exposed  to  the  weather  and  elements  for  eighteen 
years  when  the  repair  was  commenced.  The  wood  below  wat^  was 
hemlock,  above  water  it  was  generally  of  white  pine  except  the  deck 
joists^  which  were  oak.  The  condition  of  the  old  work  has  been  found 
such  as  to  complete  the  assurance  that  the  repair  has  not  been  too  soon 
undertaken. 

Mach  of  the  timber  and  plank  had  been  renewed  by  repairs  since  the 
work  was  originally  completed.  The  condition  of  the  old  timber  work 
▼ill  be  understood  from  the  following  brief  description :  On  the  harbor 
8ide  the  timbers  of  the  outer  wall  are  so  badly  decayed  to  within  1  foot 
aboye  water  level  that  it  has  been  found  impracticable  to  cut  out  cross- 
section  samples  for  preservation  and  reference.  The  cross  walls  on  the 
harbor  side  are  entirely  rotted  off  at  their  junction  with  side  walls 
from  the  top  downward  to  a  plane  about  3  feet  above  mean  lake  level; 
1)elow  that  plane  they  are  in  better  condition,  but  more  or  less  decayed 
to  the  water  level.  Timbers  in  general  are  far  more  decayed  at  and 
near  the  ends  and  where  the  end  of  grain  is  exposed  by  gains  for  dove- 
tails or  other  framing  than  at  other  points.  The  walls  on  lake  side  are 
less  exposed  to  extremes  of  heat  and  vapor  and  they  are  less  rotted 
than  ou  the  harbor  side,  although  several  courses  from  the  top  of  outer 
Jfall  are  entirely  decayed  save  a  thin  surface  crust  or  shell.  The  lower 
naif  of  lake  face  is  in  fair  condition,  except  at  points  where  cross- wall 
timbers  are  dovetailed  through ;  at  these  joints  the  timbers  are  all  more 
Of  less  decayed. 

On  the  lake  face,  from  a  line  about  1  foot  above  the  mean  lake  level 
to  a  depth  of  3  feet  below  water,  tlie  scour  of  ice  and  other  wear  upon 
the  wood  has  produced  very  noticeable  effects,  and  the^e  increase  some- 
2[bat  as  the  distance  from  shore  is  greater,  although  the  part  nearest 
the  shore  has  been  longest  exposed. 

At  a  distance  of  250  to  300  feet  from  the  starting  point  of  work  (i.  e., 
iiorth  side  of  opening  in  shore  arm),  the  £ace  of  the  timber  was  worn 
^^ay  about  one-half  an  inch,  as  shown  by  the  projecting  knots.  At 
Points  near  the  angle  on  lake  face  the  wear  on  the  timber  is  such  that 
tne  knots  project  about  1^  inches  and  some  of  the  timber  heads  of 
^^'oss  walls  project  2  inches.  This  condition  has  made  it  necessary  to 
cntoff  all  the  knots  and  make  the  surface  nearly  even  before  putting 
on  the  sheathing  of  plank. 

At  a  distance  of  900  to  1,000  feet  from  the  starting  point  the  faces  of 
tobers  have  been  worn  away  to  an  irregular  concave  surface.  On 
^^e  of  the  timbers  which  were  removed  the  top  and  bottom  faces  were 
?l  inches  wide,  and  the  timber  midway  between  these  faces  was  but  9 J 
^^ches  thick.  The  timbers  were  originally  1  foot  square.  The  maxi- 
^nm  wear  of  2J  inches  was  in  the  middle  of  the  exposed  face,  and  the 
y^t  along  joints  bet\ireen  timbers  is  but  1  inch.  The  maximum  wear 
^  S^erally  along  a  line  about  1  foot  below  mean  surface  level  of  the 
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lake.  The  lake  has  its  lowest  level  in  the  winter  months,  so  that  i 
appears  that  the  iDaximum  wear  iix)on  the  timbers  is  approximately 
along  the  line  of  actual  water  level. 

The  dovetail  heads  of  cross- wall  timbers,  and  in  places  the  ends  o 
timbers  halved  together  at  the  angles  of  cribs,  are  considerably  won 
below  water  level.  It  ni)pears  that,  the  <<  flare"  of  the  dovetail  beiDf 
obliquely  cut  across  the  graiu,  the  fiber  of  the  wood  becomes  split  oi 
shredded  off  under  the  action  of  the  sea  with  ice  or  other  matter  in 
suspension,  until  ultim<atcly  the  dovetail  no  longer  serves  any  purpose 
in  holding  the  crib  together,  and  even  the  shoulder  on  the  inside  h 
worn  away. 

This  discussion  will  further  explain  some  of  the  advantages  whicli 
are  expected  from  the  new  method  of  crib  construction,  in  which  there 
are  no  dovetail  fastenings  nor  << gains"  in  timbers,  and  in  which  the 
ends  of  all  timbers  and  plank  above  water,  whether  abutting  oi 
exposed,  are  made  waterproof  by  a  coating  of  tar  or  paint. 

Plate  No.  1  of  photographs  herewith  shows  a  portion  of  the  construG 
tion  plant  in  use  for  removing  and  rebuilding  superstructure.  It  alsc 
shows  to  some  small  degree  the  condition  of  the  timber  on  the  harboJ 
side. 

Plate  No.  2  shows  some  of  the  concrete  blocks,  which  are  exceedingly 
hard  and  nearly  perfect  in  shape.  As  nearly  as  can  be  determined  by 
weighing  a  block  accurately  made  to  one  cubic  foot,  the  weight  of  th€ 
concrete  is  137,5  pounds  per  cubic  foot.  The  large  blocks  therefore 
weigh  approximately  11  tons  each.  They  are  composed  of  one  pari 
Portland  cement,  two  parts  clean  sand,  two  parts  clean  hard  gravels 
and  three  parts  of  broken  stone  (principally  hard  limestone).  The  innex 
surface  of  the  boxes  in  which  the  blocks  are  made  are  plastered  witli 
mortar,  one  part  cement  and  two  of  sand,'  to  the  height  of  each  layei 
before  it  is  rammed,  and  the  outside  surface  is  thus  made  smooth  and 
even. 

Plates  Nos.  3, 4,  and  5  show  the  process  of  laying  blocks,  with  certaii^ 
parts  of  the  apparatus  and  incomplete  work. 

Plates  Nos.  6, 7,  and  8  show  successive  stages  in  the  progress  of  the 
work. 

Plate  No.  9  (small)  shows  condition  of  timber  inside  of  wall  on  har- 
bor face. 

To  assist  in  superintending  this  work  it  has  been  necessary  to  par- 
chase  a  complete  outfit  for  a  diver  and  to  construct  a  platform  upoo 
boats  upon  which  to  carry  the  apparatus. 

A  good  storehouse,  24  feet  by  48  feet  in  plan  and  covered  with  corni' 
gated  iron,  has  been  erected  upon  old  west  pier.  The  storehouse  is  s^ 
constructed  that  it  can  easily  be  moved  to  the  new  site  when  the  ol<3 
pier  is  removed. 

As  a  part  of  the  plant  for  supervision  of  work  and  making  survey^ 
in  this  district  a  small  steamer  has  been  purchased.  For  part  paf 
ment  of  the  purchase  price  an  allotment  of  $2,500  was  paid  frov^^ 
appropriation  for  improving  Cleveland  Harbor,  Ohio. 

The  repair  of  west  breakwater  thus  far  is  progressing  as  rapidly  ^ 
circumstances  seem  to  permit. 

In  constructing  the  ext^^nsion  to  east  breakwater  it  has  been  consi^ 
ered  desirable  to  have  the  foundation  of  riprap  stone  in  place  an  eat^ 
year  before  the  remainder  of  the  structure  is  placed  upon  it.  As  tlJ 
foundation  is  entirely  of  stone,  it  has  been  let  under  a  separate  ooi 
tract.    Prox>osals  were  invited  by  public  advertisement,  dated  Mmx^ 
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26,  im^  and  were  pablicly  opened  April  29. 1898.  The  lowest  bidder 
vas  Mr.  James  B.  Dounelly,  of  Baffalo,  N.  i .,  the  price  being  92  cents 
per  tou  for  all  the  stone  required,  which  is  estimated  not  to  exceed 
100,000  tons.  The  amount  of  stone  is,  however,  largely  dependent  upon 
the  condition  of  the  bottom,  which  is  generally  soft,  and  will  permit  the 
8tone  to  sink  somewhat,  though  the  amount  can  not  be  positively  deter- 
niined  in  advance. 

Work  under  this  contract  was  commenced  June  17, 1898,  and  at  the 
end  of  the  month  the  amount  of  stone  delivered  was  4,065,633  tons. 

Under  date  of  May  23, 1898,  proposals  were  invited  by  public  adver- 
tasement  for  constructing  a  part  of  west  pier,  removing  part  of  old  west 
pier,  dredging,  and  completing  east  breakwater.  Proposals  were  opened 
Jane  ^,  1898.  The  contract  has  been  awarded  to  The  L.  P.  &  J.  A. 
Smith  Co.,  of  Cleveland,  Ohio,  the  lowest  bidder.  The  total  estimated 
oo«t  of  work  under  this  contract  at  the  contract  prices  for  the  various 
items  is  $450,273.95,  which  is  exceptionally  low  for  the  class  of  work 
leqnired.  It  is  exx)ected  that  work  upon  the  west  pier  will  be  com- 
meneed  on  or  about  August  1.  The  construction  of  east  breakwater  is 
to  be  commenced  in  the  spring  of  1899  upon  foundation  placed  in  1898. 

A  part  of  the  breakwater  crosses  the  point  of  a  shoal  at  and  near  the 
proloDgation  of  Erie  street,  where  the  city  for  many  years  had  its  dump- 
ing ground  for  material  dredged  from  the  river  channel.  It  will  be 
Becesaary  to  dredge  a  cut  through  the  point  of  the  shoal  in  order  to 
obtain  a  suitable  base  upon  which  to  place  the  riprap  stone  for  founda- 
tion. It  is  estimated  that  the  amount  of  material  to  be  removed  will 
not  exceed  20,000  cubic  yards,  measured  in  scows. 

In  tbe  extension  of  breakwater  eastward  the  cribs  will  in  general  be 
216  feet  long,  the  exact  length  having  been  determined  by  a  convenient 
urangement  of  the  compartments,  timber  lengths,  and  grillages,  and  . 
^th  a  view  to  limit  the  size  of  cribs  in  such  dimensions  that  each  crib 
may  be  sunk  in  position  and  filled  with  stone  in  a  single  day.  In 
addition  to  the  later  type  of  framing  for  the  timber  cribs  it  has  been 
considered  advisable  to  abandon  entirely  the  old  style  of  superstruc- 
^^  and  especially  the  parapet  on  the  lake  front. 

The  old  arrangement  furnished  conveniences  for  vessels  in  the  harbor 
to  tie  up  at  the  breakwater,  and  to  that  extent  the  breakwater  was  a 
^nvenience  and  benefit.  The  length  already  available  for  such  pur- 
ines is,  however,  more  than  1^  miles,  which  is  vastly  more  than  any 
probable  necessities  will  ever  require  unless  the  breakwater  should  in 
ftture  become  a  wharf  or  quay  for  business  purposes. 

Seas  from  the  lake  striking  the  breakwater  in  an  oblique  direction 
3^6  turned  so  that  they  <^ chase"  along  the  face  and  are  augmented  by 
other  seas  as  they  progress.  The  result  has  been  that  at  the  harbor 
entrance  the  reflected  and  deflected  seas  and  currents  are  added  to  the 
^  which  arrive  at  the  entrance  by  direct  action  of  the  winds  so  that 
the  danger  and  difQculty  of  entenng  the  harbor  is  greatly  increased. 
.^0  extend  the  breakwater  without  modification  would  still  further 
locreage  the  difficulty.  The  superstructure  has  therefore  been  given 
^  Blope  to  a  line  but  1  foot  above  mean  water  level,  so  that  the  seas 
J|^?y  rise  upon  or  entirely  over  the  breakwater,  introducing  elements  of 
fraction  and  loss  to  the  waves. 

.  boidentally  the  new  cross  section  will  result  in  a  saving  of  expense 

'^th  in  construction  and  repair.    Its  benefits  as  a  protection  for  the 

^'^chorage  basin  will  be  as  great  as  if  it  were  of  the  older  form.    Draw 

^S^  are  forwarded  to  show  design  of  breakwater  and  of  west  pier. 
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Sheet  No.  1  shows  front  and  rear  elevations  of  breakwater,  section 
timbers  of  cross  walls,  and  a  standard  driftbolt,  and  plan  of  hole  i 
which  bolt  is  driven. 

Sheet  No.  2  shows  plan  and  cross  section  of  breakwater. 

Sheet  No.  3  shows  elevation  of  an  entire  crib,  lengths  of  timber,  and 
other  details. 

The  cribs  will  rest  npon  a  riprap  stone  foundation,  68  feet  wide  on 
top  and  with  natural  slopes  on  each  face.  Average  height  of  founda- 
tion, 8  feet.  After  the  cribs  have  been  sunk  the  foundation  on  outside 
of  breakwater  will  be  entirely  covered  with  heavy  i  iprap  stone  6  feet 
to  8  feet  deep,  and  on  harbor  side  3  feet  to  4  feet  deep. 

Sheet  No.  4  shows  plan  and  general  cross  section  of  west  pier. 

Sheet  No.  5  shows  elevation  and  detail  cross  section  of  west  pier  and 
fenders. 

In  compliance  with  a  requirement  in  the  river  and  harbor  act  of  June 
3, 1896,  a  complete  survey  of  the  eastern  portion  of  Cleveland  Harbor 
was  made,  and  a  chart  of  the  part  surveyed  was  platted. 

Under  date  of  December  2, 1897,  a  report  was  forwarded  to  the  Chief 
of  Engineers.  The  report,  with  map,  was  printed  in  Document  No.  128, 
Fifty-fifth  Congress,  second  session.  A  copy  is  appended  hereto  as 
Appendix  M  M  18. 

In  the  last  Annual  Beport  reference  was  made  to  the  conditions  npon 
which  the  project  for  widening  the  mouth  of  the  Cuyahoga  Eiver  was 
adopted.    (Pages  3078  and  3079,  Report  of  Chief  of  Engineers,  1897.) 

The  statements  in  the  above  report  wpre  made  upon  what  was  coa- 
sidei^ed  to  be  reliable  authority.  It  has  recently  been  found,  however, 
that  in  so  far  as  they  relate  to  the  action  of  the  Pennsylvania  Eailway 
Company  they  were  not  correct,  as  the  following  statements  and  cor- 
respondence will  show : 

Office  of  the  Chief  of  Engineers, 

United  States  Akmy, 
Wathingtan,  May  6, 1898. 

Colonel:  Referring  to  preyions  correspondence  on  the  sabjeot  of  the'land  needed 
by  the  Government  in  connection  with  the  widening  of  the  Cnyaboga  River,  I  »ni 
requested  by  the  Assistant  Secretary  of  War  to  instruct  yon  to  confer  with  the  PenD- 
sylvania  company  with  a  view  of  securing  for  the  Government  the  laud  on  the  CnT^ 
hoga  River,  owned  by  that  company  and  desired  for  the  aforesaid  purpose.    TiU0 

you  will  do  and  report  the  result  of  your  conference. 

♦  »  *  •  •  •  • 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Gen.,  Chief  of  Engineerif 

U.  8.  Arm- 
Col.  Jared  a.  Smith, 

'Carpe  of  Engtneere. 


United  States  Engineer  Office, 

Cleveland,  Ohio,  June  14,  1898. 

General:  In  compliance  with  instructions  in  your  letter  dated  May  6,  l^li 
have  conferred  with  officers  of  the  Pennsylvania  Railway  Company  and  nave  to 
honor  to  submit  the  following  report:  . 

The  first  opportunity  of  consulting  the  general  manager,  who  has  the  anthority^ 
act  for  the  railway  company  in  the  matter  of  the  transfer  of  lands  required  ^o^.*^ 
purpose  of  widening  the  Cuyahoga  River,  was  on  the  23d  of  May,  wnen  I  vi«t^ 
the  company's  offices  at  Pittsburg,  Pa.,  for  that  purpose. 

After  a  general  discussion  of  the  whole  subject  I  was  informed  that  the  ^^^^ 
would  consent  to  no  other  terms  for  the  sale  of  the  land  than  those  offered  to  ^^ 
city.  This  proposition  is  submitted  in  a  letter  from  Mr.  L.  F.  Loree,  general  va^ 
ager  of  the  company's  lines  west  of  Pittsburg,  Pa.  Mr.  Loree's  letter  is  inclo*^ 
herewith. 
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Begtrding  this  propoBition  it  should  be  remarked  that  it  is  quite  possible  that 
the  namber  of  square  feet  in  the  land  required  may  be  found,  upon  careful  measure- 
ownfc,  to  be  somewhat  more  than  the  amount  indicated,  in  which  case  the  agj^^egate 
ram  to  be  paid  would  be  correspondingly  increased,  as  the  price  is  based  upon  the 
nte  per  square  foot  rather  than  npon  an  aggregate  sum. 

It  M  also  understood  that  the  Pennsylvania  Company  has  not  at  present  an  undis- 
puted title  and  possession  of  the  ''Bayou  property,"  the  slip  or  dock  having  for 
many  yean  been  occupied  and  held  by  parties  who  nave  thus  far  been  able  to  resist 
all  prooeedings  to  deprive  them  of  possession. 

To  sccompany  and  explain  this  report  I  forward,  in  a  separate  roll,  a  blue-print 
map*  of  the  mouth  of  tne  Cuyahoga  River  upon  which  the  lands  in  question  claimed 
by  the  Pennsylvania  Railway  Company  have  been  specially  shaded  with  pencil. 

This  report  has  been  delayed  for  some  time  for  the  purpose  of  enabling  me  to 
obtain  information  regarding  the  prices  paid  for  land  situated  similarly  to  that  now 
in  question,  as  well  as  other  points  bearing  more  or  less  directly  upon  the  acquisi- 
tion of  this  land  for  the  purpose  of  widening  the  river;  In  this  I  have  thus  far  only 
partially  suoceeded,  but  hope  to  have  thei  matter  sufficiently  complete  to  submit 
within  a  week. 

Very  respectfully,  your  obedient  servant, 

JaRED  a.   SMITHy 

Colonel,  Carpi  of  Engineere,  U.  3,  A. 
Brig.  Gen.  Johk  M.  Wilson, 

Chitf  of  Engineers,  U.  3.  A, 


Pennsylvania  Lines  West  of  Pittsburg, 

Office  of  the  General  Manager, 

Pittahurg,  Pa,,  May  2S,  1898. 

Dkar  Sir:  Answering  your  incjuiry  regarding  the  land  owned  by  this  company  and 
deemed  to  be  necessary  in  the  widening  of  the  Cuyahoga  River.  I  beg  to  aavise  you 
that  on  December  24  last  we  made  the  city  of  Cleveland  the  following  proposition : 

First  We  will  sell  to  the  city  our  undivided  one-half  interest  in  the  parcel  of 
property  on  which  is  located  the  west  shore  arm  of  the  Cuyahoga  River  swing  bridge 
QBed  by  this  company,  and  embracing  in  all  40,750  square  feet,  at  $1  per  square  foot, 
Aggregating  for  our  interest  $20,375. 

Seeond.  We  will  sell  to  the  city  the  irregular-shaped  parcel  off  the  front  of  what  is 
Known  as  the  "  Bayou  property,''  containing  22,860  square  feet^  at  $2  per  square  foot, 
Aggregittine  about  $45,720. 

Thim.  We  secured  the  land  in  what  is  known  as  the  bayou,  at  a  cost  of  something 
OTer  $100,000^  for  the  express  purpose  of  locating  thereon  a  slip  in  which  vesseU 
ji^ight  lie  while  receiving  fuel  coal.  The  business  of  fueling  vessels  using  the  Cleve- 
'^(l  Harbor  is  a  large  and  lucrative  one  and  is  a  source  of  considerable  profit  to  this 
^mpany.  The  taking  of  so  deep  a  strip  off  the  water  front  of  this  property  would 
Jl^^ke  it  impossible  for  modern  boats  to  lie  in  the  slip,  since  they  would  project  a 
^^dred  feet  into  the  river,  and  the  land  is  by  the  improvement  rendered  valueless 
*^^  the  purpose  for  which  it  was  secured.  We  have,  after  careful  consideration, 
^^iinsted  our  damages  in  this  respect  at  $50,000,  and  so  advised  the  city  in  the  letter 
^^ntioned  above. 

fourth.  We  should  want  to  be  held  exempt  from  any  assessments  against  property 
"putting  upon  the  river  for  the  improvement  of  the  river  contemplated  in  the  taking 

.  In  this  connection  I  beg  to  call  attention  to  the  fact  that  the  laud  secured  by  the 
^y  from  the  Superior  street  viaduct  to  the  old  river  bed,  including  a  piece  of  prep- 
ay in  this  bayou  district,  from  the  Cleveland  Terminal  and  Val&y  Railway  Com- 
^tiy  cost  them,  on  an  average,  over  $2  per  square  foot,  and  we  feel  that  the  price 
^  set  on  the  land  is  a  reasonable  one. 

If  it  is  intended  that  the  title  pass  directly  to  the  United  States  Oovernment,  we 
*^ouid  be  willing  to  sell  to  them  on  the  same  terms. 
Tours,  very  truly, 

L.  F.  Lores,  General  Manager. 
CoL  Jared  a.  Smith, 

Corps  of  Engineers,  V.  8.  A, 

In  explaDation  of  the  letter  from  Mr.  Loree  it  may  be  stated  that 
^c  city  had  some  time  ago  iiistituted  suits  against  the  railway  com- 
Paiiy  to  obtain  possession  of  certain  pieces  of  land  on  the  lake  front 
^hich  have  for  many  years  been  occapied  and  improved  by  the  rail- 

*  Omitted. 
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way  company.  When  the  city  desired  to  purchase  the  land  for  wide 
ing  the  month  of  the  Guyahoga  Biver,  the  officials  of  the  railwi 
company  insisted  that  a  settlement  of  the  claims  made  by  the  cl 
should  at  the  same  time  be  considered,  for  while  the  officers  of  the  coi 
pany  expressed  great  confidence  that  the  city's  claims  could  not  1 
established,  yet  the  pending  suit  served  as  a  great  embarrassment 
the  further  development  of  property  for  business  purposes.  An  off 
was  therefore  made  to  the  city  to  compromise  the  entire  subject  upc 
terms  expressed  in  the  following  letter,  a  copy  of  which  has  been  fo 
nished  by  the  railway  company: 

Pennsylvaiha  Lines  West  op  Pittsburg, 

Office  of  the  General  Manaoeb, 

Pitishurg,  Pa.,  June  £t,  1898. 

Dear  Sir  :  A  meetingwas  held  at  Cleveland  on  November  5, 1896,  at  which  wi 
discnBsed,  between  the  Hon.  Robert  E.  MoKisson,  mayor,  aod  repreaentativesof  th 
company,  a  request  made  on  the  part  of  the  city  of  Cleveland  to  know  nuder  t^Iu 
conditions  the  Pennsylvania  Company  would  vest  in  the  city  sufficient  of  its  luu 
to  permit  of  the  widening  they  wished  to  make  of  the  Cuyahoga  River. 

The  Cleveland  and  Pittsburg  Railroad,  at  the  conference,  expressed  its  willingnei 
to  forego  any  claim  for  damages  on  account  of  its  bayou  property  and  vest  in  tb 
city  the  land  wanted  by  the  bayou  and  its  one-half  interest  in  the  land  wanted  he! 
by  the  Cleveland  and  Pittsburg  in  common  with  the  Lake  Shore  at  the  Cuyahog 
bridge,  if  the  city  would  be  willing  to  pay  to  the  Cleveland  and  Pittsburg  $25,0( 
in  cash  and  relinquish  all  its  claims  to  the  so-called  streets  on  Whiskey  Island,  i1 
claim  to  the  ownership  of  land  owned  by  the  Cleveland  and  Pittsburg  north  of  Bat 
street,  and  its  claim  to  the  eztonsion  of  Water  and  Bath  streets  and  the  land  oooa 
pied  by  the  Cleveland  and  Pittsburg  in  the  outer  harbor,  between  the  Bath  stree 
tract  and  Seneca  street,  the  Cleveland  and  Pittsburg  further  relinquishing  its  cUii 
to  land  oontemplatod  to  be  used  by  the  city  between  Sereca  street  and  Erie  strtel 

You  may  say  to  Col.  .Tared  A.  Smith  that  this  offer  was  made  in  good  faith  by  tbi 
company,  and  that  it  would  still  be  willing  to  adjust  the  matters  at  issue  betwee 
the  city  and  itself  on  this  basis. 

Yours,  truly,  L.  F.  Loree,  General  Manager. 

Mr.  W.  H.  ScRiVEN,  SuperintendenU 

It  will  be  observed  that  the  railway  company  had  in  1896  and  189 
made  definite  offers  to  the  city  as  a  basis  of  settlement.  These  propc 
sitions  are  matters  of  record,  bat  it  is  stated  that  the  railway  compan; 
went  still  ftirther,  and  in  a  personal  interview  intimated  the  williug 
ness  of  the  company  to  withdraw  its  claims  for  the  money  consideratioi 
indicated  in  the  foregoing  letter  if  the  proposition  thns  modified  woal< 
be  accepted.    To  this  no  attention  has  been  paid  on  the  part  of  the  cit^ 

In  January,  1897,  the  matter  was  brought  to  the  attention  of  th' 
Chamber  of  Commerce  of  Cleveland,  and  a  committee  was  appointet 
on  the  part  of  that  body  to  act  as  an  intermediary  agent  between  tb* 
city  and  the  railway  company.  It  was  substantially  agre^  by  tbi 
respective  parties  that  the  railway  company  would  submit  to  the  com 
mittee  the  evidence  by  whiuh  it  proposed  to  substantiate  its  claims  t 
lands  in  dispute  on  the  lake  front,  the  city  to  do  the  same. 

Three  meetings  were  held,  January  22,  January  30,  and  February  ^ 
at  each  of  which  the  railway  company  was  represented,  and  it  pr^ 
sented  to  the  committee  maps  and  documents  as  agreed. 

At  the  first  of  the  meetings  the  mayor  was  present,  but  the  directo 
of  law  was  absent,  and  the  mayor  declined  to  act  without  the  directo 
of  law.  At  the  second  meeting  the  director  of  law  was  present  ao^ 
the  mayor  was  absent,  with  a  similar  result.  At  the  third  meetisj 
both  the  mayor  and  director  of  law  were  present,  but  "declined  flot< 
state  claims  and  exhibit  the  evidences  upon  which  the  city  relies  ^ 
substantiate  the  same." 

This  action  on  the  part  of  the  mayor  and  director  of  law  has  indefl 
nitely  postponed  all  negotiations  looking  to  a  compromise. 
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In  the  spring  of  1898  the  city  on  varions  occasions  caused  tlie  arrest 
of  employees  of  the  railway  company  who  were  engaged  in  making 
improvements  on  the  lake  front,  and  was  only  barred  from  further  acts 
of  the  same  kind  by  a  restraining  order  from  a  court  of  the  United 
States. 

It  may  be  readily  understood  that  under  such  circumstances  the  oon- 
rideration  demanded  for  the  lands  by  the  railway  company,  where  all 
other  points  at  issue  are  excluded,  is  not  likely  to  be  below  the  price  at 
which  such  lands  are  in  demand  for  business  purposes.  The  widening 
of  the  mouth  of  the  Cuyahoga  River  was  recommended  by  the  officer 
in  charge  of  the  improvement  upon  the  distinct  condition  that  the  land 
required  would  be  donated  for  the  purpose.  It  was  upon  this  condition 
that  Congress  authorized  the  improvement  to  be  made,  and  the  limita- 
tions of  cost  indicated  in  the  act  of  Congress  covered  the  estimates  for 
distinct  items  of  improvement  in  a  report  where  the  donation  of  land 
was  assumed  as  part  of  the  project.  The  improvement,  if  completed, 
will  be  of  great  benefit  to  the  commerce  of  the  city  of  Cleveland,  and 
incidentally  to  the  city  itself. 

The  facts,  as  nearly  as  they  can  be  obtained,  most  of  them  being 
matters  of  record,  are  here  presented  without  comment,  in  order  that 
the  situation  may  be  correctly  understood. 

The  approved  project  for  improving  Cleveland  Harbor  covers  only 
certain  items  of  improvement  which  were  not  originally  presented  as  a 
complete  project  nor  intended  for  that  purpose. 

A  large  part  of  the  outer  harbor  of  Cleveland  will  ultimately  require 
deeper  water,  and  a  very  laige  amount  of  dredging  is  already  needed. 
While  no  project  nor  estimate  for  this  work  can  be  presented,  it  is 
Pioper  that  the  condition  should  be  reported.  The  outer  harbor  has 
^n  constantly  becoming  more  shallow  since  its  commencement  in  1876. 
^art  of  the  fill  is  doubtless  caused  by  drift  from  the  lake,  but  the  greater 
portion  is  from  the  city  itself. 

In  addition  to  the  numerous  sewers  and  open  drains  which  carry  solid 
matter  in  suspension  to  the  harbor,  where  a  settling  basin  is  formed,  a 
vast  amount  of  material  has  been  dumped  upon  the  shore  and  even 
within  the  limits  of  the  harbor  itself.  Upon  the  map  accompanying 
^port  of  survey  already  mentioned,  and  also  on  map  opposite  page  2412, 
^port  of  Chief  of  Engineers,  1894,  a  large  shoal  is  shown  near  the  foot 
of  Erie  street,  entirely  within  the  harbor,  which  has  been  formed  solely 
oy  dumping  of  material  under  city  contracts.  The  dumping  has  been 
^thont  supervision,  and  there  is  ample  reason  to  know  that  much  of 
we  dmnping  has  been  still  nearer  the  river  mouth. 

For  several  years  the  city  has  been  causing  material  to  be  dumped 
^rectly  into  the  lake  on  the  shore.  In  1897  a  second  bridge  was  built 
^y  the  city  across  the  railroad  tracks,  with  a  gradient  to  the  shore,  for 
^^0  express  purpose  of  making  land  by  dumping  into  the  water  along  the 
Jhore,  in  direct  violation  of  section  6  of  the  river  and  harbor  act  of  Sep- 
J^mber  19, 1890.  Under  date  of  June  17, 1897,  information  was  given 
•0  the  United  States  attorney  for  this  district,  as  required  by  section  11 
^  the  act  mentioned,  l^o  legal  proceedings  have  been  taken,  but  the 
^fy  officials  '^ consented"  to  build  a  fence  along  the  shore,  so  that  the 
dumping,  which  was  continued,  should  not  be  directly  into  the  water  of 
the  lake. 

4^tention  is  especially  invited  to  the  report  of  Mr.  P.  S.  Burrowes, 
^istant  engineer,  regarding  the  amount  of  fill  within  the  area  between 
*'^e  harbor  line  and  the  breakwater,  as  completed  and  planned  in 
approved  project. 

^  the  west  anchorage  basin  the  average  fill  over  entire  area  in 
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twenty- tliree  years  is  2.81  feet,  which  wonld  amoant  approxims 
640,000  cubic  yards  measured  in  situ. 

The  average  fill  over  the  area  immediately  east  of  west  anc 
basin,  and  extending  as  far  as  the  east  end  of  east  breakwater, 
feet;  amount  in  cubic  yards,  488,074.  From  the  last-mention< 
to  east  part  of  harbor  basin,  as  planned,  the  average  fill  ; 
feet,  and  the  number  of  cubic  yards  is  approximately  916,593 
last  mentioned  area  is  that  in  which  most  of  the  material  d 
under  direction  of  the  city  authorities  has  been  placed. 

Material  dumped  in  the  east  part  of  the  harbor  is,  to  a  large  < 
drifted  westward  by  the  seas,  and  it  is  due  largely  to  this  can& 
the  west  anchorage  has  been  so  much  filled. 

The  officer  in  charge  of  the  improvements  has  no  means  of  eni 
the  law  save  by  giving  information  to  the  United  States  atl 
There  are,  however,  no  means  provided  for  obtaining  the  infon 
required  in  such  complete  detail  as  to  secure  conviction,  and  in  t 
instances  in  which  information  has  been  presented  it  has  been  atl 
with  little  or  no  result. 

Whatever  may  be  the  reasons,  the  condition  of  shoal  water  : 
sented.  It  may  not  be  necessary  to  remove  the  entire  amount 
fill,  but  it  will  surely  be  necessary  to  remove  the  material  to  a 
of  20  feet,  which  Mr.  Burrowes  estimates  will  amount  to  1,500,00^ 
yards,  measured  in  scows.  Some  of  the  dredging  is  already 
needed,  but  it  is  understood  that  funds  appropriated  for  the  im 
ment  of  the  harbor,  as  now  provided  by  law,  can  not  be  expend 
dredging  ateas  except  as  provided  in  the  project  for  widening  th< 

The  following  statement  shows  the  distribution  of  exi>en8es  ii 

Expenses  in  fiscal  year  1897,  page  3078,  Report  of  Chief  of  Engineers,  1897 .  $4' 

Repair  of  west  breakwater,  nnder  contract • 1' 

Repair  to  east  pier 

Snrveys  

Allotment  for  purchase  of  steamer 2 

Diving  apparatus 

Platform  and  boats  for  same 

Water  levels 

Storehouse 

Advertising 

Office  and  engineering 2 

Forfiscal years  1897  and  1898.... • 7J 

The  commerce  of  Gleveland  is  very  large  and  is  increasing. 

Cleveland  Harbor  is  in  the  collection  district  of  Cuyahoga.  Ohio.  The 
lights  to  mark  the  entrance  between  breakwaters  and  piers,  ana  a  fog  signal 
in  rear  of  east  end  of  west  breakwater. 

Money  statement 

July  1, 1897,  balance  unexpended $41! 

Amount  appropriated  by  sundry  civil  act  approved  July  1, 1898 *29^ 

"tij 

June  30, 1898,  amoant  expended  during  fiscal  year 2^ 

July  1, 1898,  balance  nnexpended 68i 

July  1, 1898,  outstanding  liabilities $19, 108. 04 

July  L 1898,  amount  covered  by  uncompleted  contracts 927, 273. 96 

946 


< 


'Amount  (estimated)  required  for  completion  of  existing  project 630 

Amount  that  can  be  profitably  expended  in  fiscal  vear  ending  June  30, 1900  iOC 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 

*  Note.— Appropriation  was  for  $300,000,  with  proviso  that  $6,000  of  the  i 
may  be  expended  for  repairs  and  extension  of  levee  at  ZanesvlUe,  Ohio. 
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Amount  and  date  of  all  appropriationa  for  improving  Cleveland  Harbor,  Ohio» 


MMcb3,1825 

March  2, 1827 

March  3, 1829 

iLpril23,1830 

)larch2,1831 

Wy8,1832 

Jime28,1834 

July  2, 1836 

March  3, 1837 

Jiily  7,1838 

June  11, 1844 

Aiiga8t30,1852 

March  3, 1853 

June  28,  imi  (allotment) . . 

•  June  23, 1866 

July  25,  1868  (aUotment) . . 
'     AprU  10, 1869  (allotment) . . 

,     JnlyU,1870 

Mareh  3, 1871  (aUotment  for 

repairs) 

March3,1873 

Jane23,1874 

Total  previous  to 
adoption  of  project 
for  harbor  of  rerage 


$5,000.00 

10, 000. 00 

12. 179. 00 

1, 786. 56 

3,  670. 00 

6,600.00 

13, 315. 00 

15,  006. 59 

10, 000. 00 

51, 836. 00 

25,000.00 

30, 000. 00 

145.69 

20, 000. 00 

69, 806. 00 

17, 000. 00 

13, 380. 00 

20. 000. 00 

636.77 

1,000.00 

30,500.00 


346, 881. 61 


March  3, 1875 

August  14, 1876 

August  14,  1876  (repair  of 

pier) 

June  18, 1878 

March  3, 1879 

June  14, 1880 

March  3, 1881 

August  2, 1882 

July3,1884 

August  5, 1886 

August  11, 1888 

September  19,  1890 

July  13, 1892 

August  18, 1894 

June  3, 1896 

June  4, 1897 

July  1,1898 


$50, 000. 00 
50,000.00 

8,000.00 
10.),  000. 00 
100, 000. 00 
125, 000. 00 
200,  000. 00 
175, 000. 00 
100, 000.  00 

93,  750. 00 
100, 000. 00 

75, 000. 00 
100, 000.  00 

50, 000. 00 

30,000.00 
350, 000. 00 
294,000,00 


Total    of  appropi-ia- 

tions 2,397,631.61 

Expended  to  June  30, 1898.  1, 708, 779. 81 

Unexpended  July  1, 
1898 688,851.80 


HoTE.— Since  the  adoption  of  project  for  outer  harbor,  about  $120,000  has  been 
^iponded  for  maintenance  of  channel,  piers,  and  breakwater. 


^lilract  of  proposali  for  furnishing  etone,  in  plaoOf  for  foundation  of  extension  to  east 
^e^vater,at  Cleveland  Harhor,  Ohio,  received  and  opened  by  Col,  Jared  A,  Smith, 
Corp*  of  Engineers,  at  Cleveland,  Ohio,  on  Friday,  April  29,  1898,  at  2  o'clook  p,  m., 
tteiidard  time,  in  aecardance  toith  advertisement  dated  March  S6, 1898, 


[Amount  aTsllable  for  the  purpose,  $100,000.    Amoont  estimated  for  the  purpose,  $100,000.] 


\ 

it 
0 

ff 

0 


Kame  and  address  of  bidder. 


I 


J*meaB.DoniieUy,Bn«Wo,  N.Y. 

Alrin  J.  Belden  and  John  A. 
Seely,  SvTacase,  N.  Y. 

Xhe  EeUej  Island  Lime  and 
j^nsport  Co.,  Cleveland, 
Ohio. 

CttUa,  Stiekney  A.  Cram,  De- 
troit, Mich.  6 

The  L.  p.  4  J.  A.  Smith  Co., 
Cleveland,  Ohio.  5 

llicliasl  Babbitt,Toledo,  Ohio,  b 


Heavy  riprap 

stone  (25,000  tons). 


Price 

bid  per 

ton. 


$1.40 


1.80 
1.60 
2.42 


Total. 


$35,000 


46,000 
87.600 
60.500 


Filling  stone 
(75.000  tons). 


Price 

bid  per 

ton. 


$1.82 


1.80 
1.16 
1.68 


Total. 


$99,000 


05, 000 

87,000 

118,600 


All  the  stone 
(100,000  tons). 


Price 

bid  per 

ton. 


$0.92 
1.35 

.975 


1.20 
1.79 


Total. 


Total  of 
bid. 


$92,000  a$92.000 
135, 000 


135,000 
97,600 


120, 000 
179, 000 


97,600 

140,000 
124,600 
179,000 


« Lowest  bid  received. 


6  Slightly  informal. 


^^  bid  of  Mr.  James  B.  Donnelly,  of  Buffalo,  N.  Y.,  is  the  lowest  and  is  considered 
^"•oable.    I  therefore  recommend  the  acceptance  of  his  bid. 

Jared  A.  Smith, 
^  Colonel,  Corps  of  Engineers,  U.  8,  A, 

•  ^  ^^QiNSKB  Office,  Cleveland,  Ohio,  May  g,  1898, 
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AhBtract  of  proposals  far  construeiing  a  part  of  west  pier,  removing  part  of  old  west  pier, 
dredging  and  oompleiing  east  hreakicaier  at  Cleveland  Harlor,  Ohio,  reoeired  ana 
opened  hy  Col,  Jared  A.  Smith,  Corps  of  Engineers,  at  Cleveland,  OAto,  on  Thnrsdap, 
June  2S,  J898,  at  £  o*clock  p,  m,,  standard  time,  in  accordance  with  advertisement  dated 
May  2S,  1898, 

[Amoimt  ftTailable  for  the  porpoee,  $100,000.] 


Artidlea. 


Hemlock  timber,  feet  B.M . . 

White  pine  timber  .  .do 

White  oak  (sheathinff  on 

old  work) feet  O.  M. . 

White  oak  (sheathing  on 

new  work) feet  BTM.  . 

White    oak    (other   than 

sheathing)  ...feetB.M.. 
White  oak  piles,  linearfeet. 

Tie-rods pounds. . 

Serew  bolts  and  washers, 

pounds 

I^  screws jwnnds.. 

Driftbolts  ...■..>.•. .do.... 
Spikea  ..•■•.«*.«••  ..GO. ••  I 

ObrapS  ••.•.•.■aaa..*.CIO...i 

Bent  plates do — 

Wire  nails do.... 

Mooring  rings do 

Stone  for  filling  cribs  and 
pier  foundation . . .  .tons . . 

Stone  for  leyeling  east 
breakwater  foundation, 
tons 

stone  for  riprap  protection, 
east  breakwater. .  .tons. . 

Sand  filling.. oubio yards.. 

Concrete  or  stone  blocks, 
oubio  feet 


Concrete  made  in  place, 
cubic  yards 


KemoTlng  old  west  pier, 
linearfeet 

Dredging ...  .onbie  yards . . 

MoTing  storehouae 

Total 


Quanti- 
ties 
siiecifled. 


7,050,959 

2,780,279 

204,  M2 

455,720 

111,264 
0,720 

617,670 

871,056 

818, 160 

758,866 

17,200 

103,435 

0,280 

1,400 

180 

181,500 

8,500 

25,000 
8,600 

43,368 

4,565 

1,640 
140.' GOU 


Unit  of 
bid. 


M  feet 
B.M. 
— do  .. 

....do .. 

....do .. 

. . .  .do  . . 

Linear 
foot. 
Pound . 

....do  .. 
. . . .  do  . . 
....do  .. 
. . .  .do  . . 
. . .  .do  .. 
....do  .. 
. . ..do  .. 
. ...  do  . . 

Ton.... 


....do  .. 

....do  .. 
Cubic 
yard. 

Cubic 
foot. 

Cubic 
yard. 

Linear 
foot. 

Cubic 
yard. 


No.l— D.&.G. 
Griese,  Cleve- 
land, Ohio. 


Price 
bid. 


$10.00 

29.50 

89.00 

37.00 

8L0O 
.40 

.035 

.035 

.035 

.03 

.04 

.04 

.03 

.03 

.08 

1.10 


2.50 

1.75 
.60 


.23 

8.65 

16.00 

.16 

350.00 


Amount. 


$184,189.22 

82,018.23 

7,074.02 

16,861.64 

8,449.18 
8,888.00 

21,614.05 

80,486.03 

10,960.25 

22,750.08 

688.00 

7,787.40 

278.40 

42.00 

14.40 

144,650.00 

8,750.00 

48,750.00 
2. 160. 00 

9,974.64 


$23.00 

30.00 

125.00 

100.00 

.50 
.45 


No.  2-1.  V. 
floag,  jr.,  Pitts- 
burg, Pa. 


Price 
bid. 


.03 

.03 
.03 
.03 
.03 
.07 
.07 
.03 
.07 

1.60 


L80 

2.25 
.75 


.70 


▲mountb 


16,662.25     8.00 

24,640.00  27.00 

I 
22,400.00      .21 

850.00100.00 


616,240.40 


$162,379.06 

83,408.37 

25,657.75 

45.672.00 

6,563.20 
4,874.03 

18,527.10 

26.131.65 

0.304.60 

22,760.98 

516.00 

13,640.45 

649.60 

42.00 

12.60 

197,260.00 

6,300.00 

56,250.00 
2,700.00 

80,857.60 

86,820.00 

41,660.00 
29,400.00 


Ko.8-^ohiiGia 

&  Sons,  Clere- 

land,  Ohio. 


Price 
bid. 


$17.76 

81.75 

87.50 

38.00 

36.00 
.46 

.025 

.025 

.05 

.02 

.03 

.035 

.03 

.03 

.20 

1.06 


1.25 

1.06 
.60 


Amonnk 


.876 

6.86 

6.00 
.18 
100.00250.00 


818,876.86 


$126,31197 

88,278.86 

17,890.43 

17,817.36 

8,8M.24 
4, 37100 

15,439.25 

21,776.39 

I5,6S7.50 

15,W7.8a 

61&00 

6,770.23 

278.40 

42.00 

86.00 

139,390.00 

4,875.00 

26,600.00 
1,800.00 

lfl;263.00 

24.422.75 
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^  propoMaUfcT  oontirwiHng  apart  of  west  pier,  removing  part  of  old  weet  pier, 
ng  and  completing  eaat  hredkwater  at  Cleveland  Harbor,  etc, — Contiuned. 

[Amount  available  for  the  purpose,  $100,000.] 


dee. 


iber,feetB. 


dmber,  feet 

(sboatbiog 
rk),  feet  B. 


(ebeathing 
rk),  feet  B. 


[other  than 
i.feetB.M.. 
tiles,  linear 


...iwands.. 
and  wash* 
...pounds.. 

•  •«■••  Uw  •  •  • « 

•  «•«••  U  V  •  w  •  « 

•  • • • • V VKr  •  •  •  4 

•  •••■•  UO  •  •  ■  < 

•  •••••  uv  ■  •  •  • 

51.  ...do.... 
line  oribs 
'oundatlon, 


▼eling  east 
ir     foanda> 

.tons.. 

trap  protec- 
reakwater. 


ig,   onbio 


tone  blocks, 


de  in  plaoe, 
s 


old    west 
linear  feet.. 

abio  yards. . 

«honse 


Quanti- 

ties 
specified. 


7,050,050 

2,780,270 

204,462 

450,720 

111,264 

0,720 

617.670 

871,055 

813, 150 

758.366 

17.200 

103,436 

0,280 

1,400 

180 

131,600 

8,600 


Unit  of 
bid. 


M  feet 
B«  J&« 

. . .  .do  . . 


....do .. 

....do .. 

....do .. 

Linear 
foot. 
Pound . 

. ...do  .. 
....do  .. 
....do  .. 
....do  .. 
.  ...do .. 
. ...do .. 
....do  .. 
....do .. 

Ton 

....do . 


25,000 do  .. 


8,600 

48,368 

4,665 

1,640 
140,000 


Cnbio 
yard. 

Cabio 
foot. 

Cabio 
yard. 

Linear 
foot. 

Cable 
yard. 


No.  4-Michael 

Babbitt,  Toledo, 

Obio. 


Price 
bid. 


$23.25 

83.26 

66.00 

66.00 

88.00 

.46 

.0325 

.035 

.135 

.035 

.045 

.035 

.10 

.06 

.136 

L12 

L60 

L60 
.67 

.47 

7.28 

i.60 

.12 

160.00 


$104, 144. 05  $15. 60 


Amoant. 


No.  S--Carkin, 

Stlckney&Cram, 

Detroit,  Mioh. 


Price 
bid. 


I»2,444.28 
13,290.03 

20,62L80 
4,228.03 
4,374.00 

20,071.03 

30, 486. 93 

42,275.25 

26,542.81 

774.00 

6, 770. 23 

928.00 

84.00 

24.80 

147,280.00 

6,260.00 

40,000.00 
2,412.00 

20,382.96 

88,278.85 

6,930.00 

16, 800. 00 

150.00 


708,542.55 


2L60 
60.00 

60.00 

36.00 

.26 

.025 

.0225 

.086 

.02 

.086 

.02 

.02 

.04 

.06 

1.15 

1.16 

tl5 
.16 

.40 

6.40 

6.00 

.12 

500.00 


Amount. 


$109,420.36 
69,776.00 
12,267.72 

27,343.20 
8,894.24 
2.527.20 

15,430.25 

19,598.74 

10,060.25 

15, 167. 32 

602.00 

3, 868. 70 

185.60 

56.00 

10.80 

151,225.00 

4,026.00 

28,750.00 
540.00 

17,347.20 

29,216.00 

7,700.00 

16,800.00 

500.00 


537,229.68 


No.  6 — James  B. 
Donnellj.  Buffalo, 


Price 
bid. 


$15.00 

24.00 

75.00 

45.00 

36.20 

.42 

.02 

.025 

.025 

.02 

.02 

.02 

.025 

.02 

.10 

.81 

.81 

1.05 
.70 

.26 

6.72 

6.00 

.12 

160.00 


Amount. 


$106,890.80 
66,726.70 
15,834.66 

20,607.40 
4,027.76 
4,082.40 

12,351.40 

21,776.38 

7,828.75 

15,167.82 

844.00 

3, 868. 70 

232.00 

28.00 

18.00 

106,516.00 

2,886.00 

26,250.00 
2, 620. 00 

11,276.68' 

26,111.80 

7,700.00 

16,800.06 

150.00 


478, 850. 33 


jia  98 168 
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Aitlract  af  propoialifoT  oonttrveHitg  a  pari  ofwettpitr,  r«moHng  part  of  old  ui 


[Amoant  knlUbts  IM  the  paipOMs  (IW.OOO.) 


QoanU- 

apetliled. 

Unit  of 
bid. 

Co.^  Cl.'V""'n,l, 

Cliap'tnaniCo., 
Bnffiilo,  N.  Y. 

Bofl'X  ? 

Price 
bid. 

AtnooDL 

bid." 

A»oont. 

Price 

A« 

HamlDck  Umber,  /set  B. 
Whlto  pin>  tlmW,  fMt 

T,OU,«D 

a,7M.V79 

»t.m 

1W.730 
111.2SI 
».7M 

313,  IM 

TM,ua 

n;*» 

193,135 

IS 

131,  BM 
(.600 

at,  000 
I,**) 

a,w 

1,N0 
140,000 

H  ftet 

B.M. 

....d«- 
....do.. 
....do.. 

H. 

....do.. 
...do.. 
...do.. 
...do.. 

:::S::: 

Ton.... 
...do.. 

yard. 
Cnbto 

Cnhle 

yud. 

IS.  00 
W.«l 
40.00 
10.00 
.26 
.03 

.oi 

.OK 

'.m 

'.la 
.at 

.01 
.80 

tI0».4».M 

n.Eos.o( 

10,333.10 

l,337.n 

3,130.00 

13.3GL40 

17.iai.lO 

7,838,7 

n,3TS.l 

344.00 

38.00 

101,100.00 

»1T.» 

7S.00 
7E.00 
34.00 

.» 
.03 

.03 

.028TG 

!0S5 

'.ots 

.01 
.08 

LIB 

1.10 
L4B 

.41 

T.«* 

8.00 

.m 

230.00 

tia8.371.10 

78.0n.B3 

18.884.88 

84.171.00 

8.783.08 

8,403-00 

I8,B«.10 

30,181.08 
(,009.00 
30,85S.07 

001.00 

'•S:S 

43.00 

10.80 

101,138.00 
^100. 00 

88.  so.  on 

710.00 

U.S14.D1 

81,866.00 

13,830.00 
17,600.00 

117.80 

37.80 
80.  DO 
M.O0 
84.60 

.a 

.01 

.03 
.04 
.01 
.0 

!« 

.10 
.80 

1.00 

1.10 
.40 

.40 

1.O0 

.14 

100.00 

im, 

78, 

11. 
U.' 

1,: 
%■ 
18, 

a 

16, 
B,' 

111,: 

1,1 

t: 

17.i 

n,i 

4.' 

White  okk  {ohaiUilnE  OD 
DOW  work). .feMBTU.. 

White  O^    pUM,  liDUT 

lit-rods ponnd*. . 

Screw  bolte  and  wuhen. 

tS=:':::::".'S':: 
lfiS::;:;::;:;::S:::: 

BeufplBtea do.... 

Wit.  nulla do.-.. 

Mooriogrlngi do.... 

Btona  forfilllnEoriboBDd 

Stone  lor  leTelloi  eut 

^'^Z.^'^^^. 

.Wl    30, 000.  W 
.30  1         TtO.O0 

.40  1    n.UT.M 

"'z^fur'"'"''^ 

'^^bTo';^:""'"^ 

^"^16.""  """""■ 

1.00 

.OS 

l,S4O.O0 
11,300.00 

M.OO 

Dredging. .ouMojarf... 

4W,273.>s| 

811,100.88 



.  Contraet  for  repair  o/wmI  br«Qh»altr. 

Name  of  contractor,  Hnnkln  Bros.,  Cloveluid,  Obich 

Date  of  contract,  April  28, 1897. 

Date  of  approval,  Ma;  19,  ISST. 

Date  of  commcQcemeot,  Angnat  3, 1897. 

Date  of  completion,  oontinnont  oontraot. 

Contraet  for  fumMiug  itone,  Iw  plaot,  for  fwndaUou  of  Mtm»iam  to  tatt  inakM 

Name  of  contraator,  James  B.  Donnelly,  Buffalo,  N.  T> 

Date  of  contract  Hay  13, 1898. 

Date  of  approval.  Hay  2g  1898. 

DBt«  of  oommenuBment,  Jane  17, 1698. 

Date  of  oompletiou,  NoTember  17, 1898. 
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COMMERCIAL  STATISTICS. 

The  following  statistics  for  the  year  1897  relative  to  the  commerce  of  the  harbor 
Cleveland,  Ohio,  were  compiled  from  information  furnished  by  the  collector  of 
istomB  and  others : 


Receipts. 


rGD  ore 

:oal 

Lumber,  lath,  shingles,  etc. 

Inin  and  pnxluce 

[ion  and  steel 

FkRir,  meal,  etc 

Stone 

Lime,oement,  and  pIa.Ht(T. . 

So«M 

and  and  zraTel 

Pish 

Copper 

HJwellaDeoiu 


Total. 


Tods. 


2, 770, 2(15 

6,150 

465.115 

71,858 

31,014 

34,831 

213, 007 

20,007 

29,385 

7,331 

1,856 

809 

88,490 

8,741,067 


Shipiuonts. 


Coal 

Iron  and  steel 

Lnmber 

Grain  and  produce  . 

Flour,  meal,  et<c 

Stone 

Sand 

Cement  and  plaster. 
Miacellaneous 


Total 


Tons. 


2, 028, 243 

122, 369 

4,389 

46, 638 

574 

953 

1,216 

681 

172, 601 

S,  377, 664 


Total  freight  tonnage : 

1897 6,118,731 

1896 5,522,111 


Increase 


590,620 


Vessels. 


Number. 


Koterhig. . 


Tonnage. 


3, 112. 339 
3, 077,  544 
25, 503. 51 


^otal  r^ristered  tonnage  (vessels  entering  and  departing) : 

1807 6,189,883 

1896 6,991,656 


Increase 198,227 

Draft  of  largest  vessels  asing  harbor,  181  feet.  Largest  vessels  do  not  load  to 
foil  depth. 

New  vessel  lines  established  daring  the  year  were  as  follows :  Kinsman  Transit 
Company,  Minch  Transit  Company,  Germanic  Transit  Company,  Hutchinson  Transit 
Company,  Lower  Lake  Steamship  Company,  Australia  Transit  Company,  and  Lom- 
W  Transportation  Company. 


bkfort  of  mb.  w.  8.  burrowes,  assistant  enoinebb. 

United  States  Engineer  Office, 

Cleveland^  Ohio,  July  11, 1898. 

Colonel:  In  compliance  with  yonr  instructions,  I  have  calculated  the  amount  of 
°11  that  has  taken  place  in  Cleveland  Harbor  since  1873,  and  the  results  are  shown  in 
^0  foUowine  table.  The  quantities  are,  of  course,  only  roughly  approximate,  but 
^  sufficiently  accurate  to  snow  a  marked  decrease  in  depths  throughout  almost  the 
•nt're  harbor. 

Ihe  Borvey  of  1873  was  made  under  the  direction  of  Maj.  F.  Harwood,  Corps  of 
^'^pineers,  U.  S.  A.,  and  is  the  only  complete  record  of  soundings  at  Cleveland  made 
^c  the  time  when  the  construction  of  the  breakwater  was  begun,  in  1876.  The 
^>ter  level  to  which  the  soundings  on  the  1873  map  are  referred  is  somewhat  indefi- 
nite, but  as  it  is  stated  in  the  note  that  said  water  level  is  2.5  feet  below  the  zero  of 
Jj^^ch  mark  of  the  city  of  Cleveland,  and  as  the  city  base  of  levels  is  high  water  of 

?^t  18  assumed  that  the  water  level  used  on  this  map  is  2.5  feet  below  high  water 
2^^'   ^^  recent  soundings  are  referred  to  mean  lake  level,  1860  to  1875,  which  is 

•^  feet  below  high  water  of  1838,  which  would  therefore  make  the  water  level  used 
^^8  survey  of  1873  0.16  foot  below  that  used  in  recent  surveys.  No  correction 
^lljl^Plled  in  the  calculations  for  this  difference  in  level,  as  it  was  regarded  as  prob- 

soundings  taken  in  1896,  except  that  for 


J  ^osq  than  the  inaccuracy  of  the  soundings. 
'^Parison  has  been  made  generally  with 


2676      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  B.  ARMT. 


the  westerly  half  of  the  west  basin  soandings  taken  in  1892  were  need,  and  between 
the  piers  and  over  the  bar  at  the  entrance  soandings  taken  in  1898  were  used. 

The  area  for  which  the  fill  has  been  calculated  is  that  included  between  the  estab- 
lished harbor  line  and  the  breakwater,  both  as  built  and  further  projected.  For 
purposes  of  study  and  comparison  this  area  was  divided  into  three  parts  in  making 
the  computations,  as  follows : 

A.  Area  bounded  by  the  established  harbor  line,  by  the  shore  and  lake  arms  of  the 
west  breakwater,  and  by  a  line  through  the  easterly  end  of  the  west  breakwater,  and 
at  right  angles  to  it.    Length,  4,650  &et;  width,  1,700  feet. 

B.  Area  bounded  b^the  established  harbor  line,  by  the  line  of  the  east  breakwater 
as  now  constructed  (including  its  extension  across  the  entrance  opening),  and  by 
lines  passing  through  the  eas^rly  end  of  west  breakwater  and  through  the  easterly 
end  of  east  breakwater  as  constructed,  and  at  right  angles  to  it.  Length,  3,000  feet ; 
width,  1,700  feet. 

C.  Area  bounded  by  the  established  harbor  line,  by  the  extension  of  the  east  break- 
water as  further  projected,  and  by  parallel  lines  at  nght  aneles  to  the  main  lake  arm 
of  the  breakwater,  and  passing  through  the  easterly  end  of  the  breakwater  as  con- 
structed and  through  the  easterly  ea^remity  of  the  east  breakwater  extension  as 
proj ected.  Length,  about  1,850  feet ;  width,  about  2,900  feet.  The  easterly  limit  line  is 
nearly  opposite  the  end  of  Muirson  street.  Included  in  this  area  is  the  greater  part 
of  the  shoal  caused  by  dumping  material  dredged  firom  the  Cuyahoga  luver  by  the 
city  of  Cleveland  and  others.  A  small  part  of  this  shoal,  however,  lies  east  of  this 
area  and  is  not  included  in  the  calculated  amount  of  fill.  On  some  parts  of  this 
shoal  the  fill  is  as  much  as  14  feet. 


A  (westbMin) 

B  (westerly  part  of  east  basin) 
C  (easterly  part  of  east  baain) . 

A-fB 

A+B+C 


Square  feet. 

7.905,000 

5,100,000 

6,300.000 

18,005,000 

18,865,000 


Total  flU 
In  twenty^ 
three  years. 


Ouhieyard*. 

824,222 

488,074 

016, 603 

1,312.206 

2,228,880 


Averatse 
fill  in 

twenty* 
three 
years. 


2.81 
2.68 
4.62 
2.72 
8.28 


At( 


era« 

nnai 

fllL 


0.122 
.112 
.201 
.119 
.141 


In  addition  to  the  fill  given  in  the  above  table  about  900,000  cubic  yards  of  material 
has  been  dredged  from  the  harbor  by  the  United  States  since  1873.    Some  dr^giug, 

Erobably  not  very  considerable  in  amount,  has  also  been  done  by  the  city  of  Cleve- 
ind  and  the  Pennsylvania  Company. 

To  dredge  the  entire  harbor  between  the  established  harbor  lines  and  the  break- 
water, both  as  built  and  further  projected,  to  a  depth  of  20  feet  at  mean  lake  level, 
would  require  the  removal  of  the  following  approximate  quantities  of  material: 

Cablo  yards. 

A.  Measured  in  place ^,000 

B.  Measured  in  place £^^^ 

C.  Measured  in  place .-      9(X),000 

Total \ 1,280,000 

This  would  probablv  amount  to  1,500,000  cubic  yards,  measured  in  scows. 
Very  respectfully,  your  obedient  servant, 

F.   S.   BOKROWES, 

United  SUiieB  Assistant  Eugh 
Col.  Jabbi>  a.  Smith, 

Corps  of  Engineers,  U.S.A. 


M  M  g. 


IMPROVEMENT  OF  FAIRPOET  HARBOR,  OHIO. 

The  harbor  of  Fairport,  Ohio,  is  near  the  month  of  the  Grand  Biver 
and  covers  a  distance  of  nearly  7,500  feet,  measored  from  the  outer  end 
of  the  piers. 

The  first  improvement  made  at  the  month  of  the  Grand  Biver  in 
1825.  when  the  sand  bar  extended  entirely  across  the  month,  consisted 
of  piers  of  timber  crib  work  filled  with  stone.  They  were  built  about 
200  feet  apart  and,  starting  j&om  a  point  inside  near  the  shore  lin^ 
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extended  across  the  bar  to  the  lake.  The  piers  have  since  been  modi- 
lied,  renewed,  repaired,  and  extended,  as  the  necessity  has  arisen,  and 
the  depths  have  been  maintained  by  dredging  in  the  channel  and  across 
the  bars.  At  times  two  bars  have  formed  outside  of  the  piers  with  an 
interval  of  deep  water  between.  In  two  years  preceding  Jane  30, 1897, 
the  cost  of  dredging  alone  was  nearly  911,000. 

The  total  exi>ended  apon  the  improvement  from  1825  to  June  30, 
1898,  for  construction  and  maintenance  has  been  $377,384.36. 

Outstanding  liabilities  to  the  amount  of  9769.92  are  for  dredging  in 
Jane,  1898. 
The  latest  extensions  to  the  piers  were  made  in  1893. 
The  inner  ends  of  the  original  piers  are  not  now  definitely  located, 
because  they  have  not  been  maintained  by  the  United  States.  The 
Iiarts  now  definitely  remaining  are  a  length  of  2,370  feet  on  west  side 
aod  of  1,765  feet  on  east  side.  A  length  of  about  650  feet  of  the  pier 
QD  east  side  has  been  occupied,  used,  and  partly  rebuilt  in  the  style  of 
a  wharf  front.  For  remarks  upon  this  subject  attention  is  invited  to 
page  3111,  Report  of  Ohief  of  Engineers,  1895. 

hk  compliance  with  r^nirements  of  public  resolution  approved  March 
Uj  1896,  a  report  of  a  survey  and  an  estimate  of  cost  amounting  to 
t510,000  for  the  improvements  recommended  was  submitted  to  Con- 
fress  April  3, 1896.    The  river  and  harbor  act  of  June  3, 1896,  appro- 
priated 930,000  for  continuing  the  improvement  of  the  harbor,  and  pro- 
Tided  that  '^not  less  than  920,000  shall  be  applied  toward  the  construe- 
tbn  of  a  breakwater  according  to  the  project  submitted  April  3, 1896." 
In  the  Annual  Beport  of  Ohief  of  Engineers,  1896,  page  2925,  it  was 
estimated  that   the  balance   of  appropriation  of  August  17,  1894 
(110,643.18),  available  July  1,  1896,  would  be  sufficient  for  purposes 
of  maintenance  until  further  appropriations  would  be  made  available. 
The  entire  amount  of  930,000  appropriated  was  therefore  deducted  from 
the  estimated  cost  of  9510,000,  to  arrive  at  the  estimated  amount  still 
required  for  completing  the  project.    In  one  year  from  that  time,  how- 
ever, the  expenses  of  hedging  alone  had  exceeded  910,000,  and  it  had 
become  necessary  to  reserve  for  maintenance  of  channel  and  piers 
110,000  of  the  appropriation  of  930,000,  leaving  only  920,000  to  be 
eipended  upon  the  breakwater,  that  being  the  minimum  amount 
leqoired  for  that  purpose  by  the  a;ct  of  Congress.    (See  Beport  of 
Chief  of  Engineers,  1897,  p.  3084.)    The  amount  to  be  applied  upon  the 
project  for  breakwater,  etc.,  is  therefore  but  920,000,  and  only  that 
tmount  should  be  deducted  from  the  estimated  cost  to  obtain  estimated 
ttiount  required  for  completion.    That  estimate,  as  given  in  Annual 
IqK>rt  for  1897,  is  therefore  corrected.    (See  project  in  letter  on  page 
9084,  Beport  of  Ohief  of  Engineers,  1897.) 
In  the  last  fiscal  year  the  expenditures  for  maintenance  of  channels 
X  Fairport  have  been  unusually  small.    Complaints  were  made  of  bars 
«id  very  shallow  water  early  in  April,  1898,  and  a  survey  and  map  of 
tte  channel  and  bar  were  therefore  made.    The  map  showed  that  the 
^d  bar  extended  around  the  end  of  west  pier  and  had  also  formed 
%htly  from  the  eastward,  but  left  a  channel  with  a  depth  exceeding 
^  feet  over  a  width  of  more  than  100  feet  across  the  bar  directly  on  the 
luige  of  east  pier  and  beacons,  with  sufficient  room  to  turn  vessels  to 
«id  from  the  channel  between  piers  where  the  depth  exceeds  20  feet 
ftroughout. 

Dr^ging  in  the  early  spring  is  exceedingly  expensive  because  of  the 
^ost  constantly  prevailing  winds  and  seas,  which  make  it  impossible 
to  work,  except  at  rare  intervals  with  the  type  of  dipper  dredges  in  use 
<tt  Lake  Erie.    If  done  by  contract^  such  small  amounts  of  dredging  as 
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early  as  April  must  necessarily  involve  the  extra  risk,  expense,  i 
lost  time  of  getting  a  dredge  plant  to  and  from  the  locality,  aoi 
price  to  cover  full  time  of  plant  and  crews  when  but  little  can 
accomplished. 

The  channel  through  the  bar  was  therefore  carefully  buoyed,  a 
blue-print  maps  of  the  channel  were  sent  to  shippers'  agent  at  Fs 
port.  As  soon  as  it  was  considered  reasonable  on  business  princip 
to  commence  the  dredging,  the  United  States  dredge  plant  from  Tok 
was  taken  to  Fairport.  Dredging  was  commenced  May  19,  and  o< 
tinned  until  May  28,  when  the  greatest  part  of  the  bar  had  \h 
removed  and  work  was  suspended  in  order  that  the  dredge  mi^ 
attend  to  similar  work  at  Ashtabula  and  Oonneaut.  The  work 
Fairport  was  resumed  June  24  and  continued  to  June  30,  when  it  v 
completed. 

A  map  made  from  a  survey  of  the  channel,  June  9  and  10,  18 
shows  a  central  depth  exceeding  20  feet  over  the  first  bar  near  the  c 
of  piers,  and  exceeding  19  feet  over  the  second  bar,  the  top  of  whicl 
about  800  feet  farther  into  the  lake.  The  indications  are  that  a  lai 
amount  of  dredging  will  be  required  before  the  end  of  the  present  fis 
year,  because  the  bars  are  very  near  the  channel  on  the  west  side,  a 
the  depth  of  water  over  them  is  3  to  4  feet  less  than  is  required 
loaded  vessels. 

It  is  confidently  believed  that  the  construction  of  the  breakwat 
will  entirely  prevent  the  formation  of  bars  by  the  action  of  winds  a 
waves,  though  it  will  of  course  not  effect  any  reduction  of  mater 
which  may  be  brought  down  the  river.  The  breakwaters  will  a 
greatly  facilitate  the  entrance  of  vessels  because  of  greater  width  a 
depth.  It  is  very  desirable  that  the  breakwaters  should  be  pnsli 
forward  as  rapidly  as  possible. 

Fairport  Harbor  is  in  the  collection  dlBtrict  of  Cuyahoga,  Ohio.  There  is  a  fi: 
white  light  of  the  fonrth  order  on  the  blnff,  and  a  range  of  two  beacons  on  the  c 
pier. 

Money  statement, 

Jnly  1, 1S97,  balance  nnezpeoded $30,37C 

June  30,  WdS,  amount  expended  during  fisojid  year V781 

July  1, 1898|  balance  unexpended 2Sy488 

July  1,  1898,  outstanding  liabilities 768 

July  1, 1898,  balance  available 27,71S 

'Amount  (estimated)  required  for  completion  of  existtnjB^  project 490, 000 

I  Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900  300,000 
^  Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  snndry  civil  act  of  June  4, 1897. 

Amount  an4  date  of  all  appropriation$  for  improving  Fairport  Harbor,  Ohio. 


March  3,  1825 $1,000.00 

May  20,  1826 5,620.00 

May  19,  1828 9,135.11 

April,  23,  1830 5,563.18 

March2,  1831 5,680.00 

July  3,  1832 2,600.00 

June  28,  1834 10,000.00 

Jnly2,  1836 6,000.00 

July  7,  1838 10,000.00 

June  11,  1844 10,000.00 

August  13,  1852 10,000.00 

June  28^1864 24,453.24 

June  23,  1866 24,072.00 

March  2,  1867 60,000.00 

June  23,  1874 20,000.00 

March  3,  1875 16,000.00 

August  14, 1876 5,000.00 


JnnelS,  1878 $6,000 

June  14,  1880 3,000 

March  3,  1881 10,000 

August  2, 1882 10,000 

July  6,  1884 10,000 

August  6, 1886 18,76(1 

Angust  11, 1888 10,000 

September  19, 1890 20,000 

July  13,  1892 36,000 

Angust  18, 1894 20,000 

Jnne  3,  1896 30,000 

Total 406,878 

Expended  to  Jnne  30, 1898.. .  877,884 

Unexpended  July  1, 1898 28, 489 
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COMHIERCIAL  STATISTICS. 


The  followinff  BtatisticSi  for  the  year  1897,  relative  to  the  commerce  of  the  harbor 
of  Fsirport.  Ohio,  were  compiled  from  information  famished  by  the  collector  of 
eostoms  and  others : 


Beoeipta. 


Irao  ore 

6nin 

Iterchaadise. 


Total 


Tona. 


1,128,198 
288,098 
169,610 


1,565.906 


Bhlpmenta. 


Cool 


Total 


Tona. 


185,318 


185,318 


Total  freight  tonnaj^e: 

18»7 1,751,224 

1896 , 1,897,070 


Becnaaa 145,846 


Yeaaela. 


fatering. . 
Departing 


Tonnaga. 


882,906 
788,076 


IMal  ragfaterad  tonnaga: 

lti»7 1,670,981 

1896 1,698,809 


Bacreaaa. 


27.828 

Draft  of  largest  yessels  using  harbor,  20  feet.    Largest  vessels  only  load  to  18  feet. 
Ho  new  vessellines  establish^  daring  the  year. 


M  M  zo. 


IMPROVEMENT  OF  ASHTABULA  HARBOR,  OHIO. 

Ashtabula  Harbor  is  in  and  w^acent  to  the  Ashtabola  Biver,  near 
its  month.  The  room  and  facilities  afforded  by  the  river  have  been 
&Qch  increased  by  docks  and  wharves  constructed  by  the  Pennsylva- 
nia and  the  Lake  Shore  and  Michigan  Southern  Eailway  companies. 

The  first  improvements  were  made  under  an  appropriation  of  $12,000 
by  act  of  May  20, 1826,  <^  to  remove  obstructions  at  the  mouth  of  Ashta- 
bula Greek."  Water  was  but  2  feet  deep  over  the  bar  and  solid  rock 
?as  at  a  depth  of  9  feet  near  the  shore  line. 

The  plan  of  improvement  was  the  same  as  for  other  similar  places — 
parallel  piers  of  timber  cribs  filled  with  stone  to  confine  and  protect 
the  channel.  The  piers  were  at  first  placed  upon  the  natural  bottom 
on  each  side  of  the  channel  and  168  feet  apart.  They  were  sabse- 
^Qently  repaired,  extended,  and  renewed,  and  the  channel  was  made 
deeper  and  wider  as  the  requirements  of  navigation  increased,  until 
the  end  of  the  last  fiscal  year.  The  width  between  piers  at  outer  end 
tas  then  213  feet  and  the  depth  in  channel  was  20  feet  throughout  from 
the  lake  to  the  county  bridge,  which  is  about  2,000  feet  from  outer  end 
of  west  pier.  The  piers  have  been  extended  as  far  as  is  now  considered 
necessary. 

At  the  end  of  the  last  fiscal  year  work  was  in  progress  constructing 
I  section  of  west  breakwater,  shore  end,  432  feet  long  and  30  feet  wide, 
titti  grillage  timbers  projecting  in  such  manner  as  to  make  the  base 
a  feet  wide. 
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The  part  below  mean  water  level  was  constructed  in  two  cribs  of  216 
feet  length  each.  The  first  crib  was  sunk  in  position  August  9,  and 
the  second  crib  was  sunk  August  27  on  the  shore  end  of  the  first.  The 
outer  crib  of  the  two  was  placed  in  position  first  because  it  would 
afford  some  protection  in  sinking  the  second  crib,  and  would  to  some 
extent  check  the  movement  of  sand  into  the  trench  which  had  been 
excavated  to  rock  as  a  site  for  the  cribs.  Work  under  the  contract 
was  completed  September  28. 

To  prepare  the  foundation  for  the  breakwater,  it  became  necessary  to 
scrape  from  the  rock  surface  the  overlying  very  fine  muddy  sand,  which 
had  a  depth  ranging  from  1  foot  to  2  feet.  The  removal  of  this  mate- 
rial was  very  difficult,  and  was  made  more  so  by  persistent  and  strong 
winds  which  prevailed  at  the  time.  The  U.  S.  dredge  Maumeej  tag, 
and  scows  pertaining  to  Toledo  Harbor  improvement  were  employed  . 
for  the  purpose. 

In  sinking  the  first  crib  some  difficulty  was  experienced  by  the  con- 
tractor, who  did  not  have  enough  stone  in  sight  to  completely  fill  the 
compartments.  In  a  somewhat  heavy  sea  which  followed  the  sinking 
of  crib  the  jarring  and  lifting  caused  by  waves  raised  the  crib  a  few 
inches,  so  that  some  of  the  filling  stone  near  the  middle  passed  throagh 
the  grillage  and  fell  under  the  walls.  When  the  crib  was  finally  filled 
the  uneven  base  thus  produced  caused  it  to  be  bent  or  ^^  hogged^ 
slightly  upward  in  the  middle  and  the  top  was  thrown  slightly  out  of 
alignment.  The  work  was,  however,  completed  in  good  shax)e,  and  in 
strength  and  appearance  it  is  vastly  superior  to  any  of  the  timber-crib 
and  stone  piers  or  breakwaters  built  by  the  fonner  methods  of  dovetail 
framing  and  open  interior  walls. 

The  outer  face  of  the  breakwater  has  a  sheathing  of  white-oak  plank 
extending  from  2  feet  above  to  4  feet  below  mean  water  level.  The 
plank  is  fastened  with  lag  screws.  The  inner  face  of  breakwater  has 
two  horizontal  fenders  of  6-inch  by  12-inch  white  oak,  the  upper  fender 
being  near  the  top  and  the  lower  near  the  water  level. 

The  harbor  side  of  breakwater  is  raised  5  feet  above  mean  lake  level 
over  a  width  of  15.5  feet,  and  the  lake  side  is  raised  to  form  a  parapet 
14  feet  6  inches  wide,  with  the  top  10  feet  above  mean  water  level.  To 
reduce  the  liability  of  injury  to  the  fenders  on  harbor  face,  after  con- 
tract work  was  completed,  pieces  of  12-inch  by  6-inch  oak  were  halved 
together  in  the  shape  of  a  cross,  having  the  vertical  piece  as  long  as 
the  space  between  fenders  and  the  horizontal  piece  about  2  feet  longer 
and  wedge  shaped  at  the  ends.  These  pieces  were  bolted  to  the  crib, 
between  upper  and  lower  fenders,  at  intervals  of  18  feet. 

The  section  of  breakwater  at  Ashtabula  presents  several  new  features 
in  this  class  of  work,  and  drawings  in  two  sheets  showing  the  design 
are  therefore  forwarded  to  accompany  this  report.  Sheet  'No.  1  shows 
the  elevations  and  cross  section.  Sheet  No.  2  shows  the  plan  and  end 
elevation.  The  drawings  will  sufficiently  explain  the  design,  but  it 
may  be  mentioned  that  every  fourth  compairtment  in  the  cribs  was 
planked  over  at  the  bottom  in  order  that  they  might  be  sunk  without 
the  danger  of  getting  stone  under  the  walls.  The  difficulty  experienced 
was  because  the  contractor  did  not  make  sufficient  use  of  the  means 
thus  provided. 

The  wide  sand  beach  on  west  side  of  harbor  entrance  has  been  a 
source  of  great  injury  to  the  channel  and  of  considerable  expense  in 
dredging.  The  sand  of  the  beach  is  blown  along  by  the  prevailing 
westerly  winds  and  falls  over  the  pier  into  the  channel,  where  part  of 
it  remains  until  removed  by  dredging  and  part  is  push^  along  to  the 
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md  of  piers,  when  river  currents  are  sufficiently  rapid,  and  thus  helps 
to  form  the  bar. 

To  check  as  far  as  possible  this  source  of  injury  and  expense,  a  strong 
board  fence  650  feet  long  and  6  feet  high  was  constructed  across  the 
beach  a  short  distance  west  of  west  pier. 

For  the  same  purpose  two  strips  were  planted  with  small  willow  slips 
and  roots.  The  first  strip  was  170  feet  long  and  25  feet  wide  and  the 
second  280  feet  long  and  50  feet  wide,  with  willows  planted  at  intervals 
of  5  feet  over  both  strips. 

In  the  spring  of  1898  a  shoal  had  formed  a  short  distance  outside  the 
ends  of  piers  upon  which  the  depth  of  water  was  but  16  feet  in  mid- 
channel.  There  was,  however,  a  depth  of  nearly  19  feet  in  an  oblique 
ebannel  on  west  side  of  shoal  and  nearly  18  feet  deep  on  east  side. 
The  shoal  and  channel  were  therefore  marked  by  buoys  until  the  obstruc- 
tion was  removed  by  dredging,  from  May  31  to  June  10,  inclusive.  The 
United  States  dredge  plant  was  employed  for  the  purpose  as  a  matter 
of  economy.  The  amount  of  material,  all  fine  sand,  removed  was  4,860 
cubic  yards,  at  a  cost  of  $407.50  for  the  pay  roll  of  employees  and  run- 
ning expenses  of  plant. 

Two  examinations  and  maps  of  the  channel  were  made  in  1898,  one 
before  and  one  after  dredging.  The  channel  is  now  free  from  obstruc- 
tions and  has  a  minimum  central  depth  of  20  feet. 

A  record  of  water  gauge  has  been  kept  throughout  the  year.  A 
small  storehouse  has  been  repaired  and  public  property  has  been  stored. 

The  total  cost  of  432  feet  of  breakwater  may  be  given  as  follows: 

Dredging  sand  from  site $975.47 

Paid  contractor 45,188.21 

Keen  forcing  fenders 220. 23 

Purchase  and  hire  of  plant 10.71 

Saperyision  of  contract 859.42 

Contingencies,  office,  engineering,  sur veyH,  etc.  (approximate) 2, 745. 96 

Total 50,000.00 

The  other  expenditures  of  the  year  have  been  as  follows: 

Ootstanding  liabilities  of  previons  year $187.82 

Protecting  beach  with  fence  and  willows 408. 84 

Pnrchase  and  repair  of  plant 34. 57 

Allotment  for  purchase  of  steamer 1,260.00 

Surveys,  office  and  other  contingencies 591.19 

Total 2,472.42 

Balance  unexpended  July  1,1898 1,254.06 

Of  the  unexpended  balance  the  amount  of  9480.11  is  an  outstanding 
liability  for  dredging  in  June,  1898. 

The  effect  of  the  small  section  of  breakwater,  both  upon  the  bar  and 
npon  the  seas  in  westerly  winds,  is  already  apparent  and  beneficial, 
although  it  was  hardly  anticipated  that  so  small  an  amount  by  itself 
would  produce  any  appreciable  effects. 

The  freight  tonnage  of  Ashtabula  Harbor  is  very  large,  exceeding 
4,000,000  tons  in  1897.  The  protection  and  facilities  to  be  afforded 
t^  the  breakwaters  are  much  needed. 

Ashtabula  Harbor  is  in  the  collection  district  of  Cuyahoga,  Ohio.  There  is  a  fixed 
white  light  of  the  fifth  order  yaried  by  flashes  and  a  fog  signal  operated  by  steam 
opon  the  west  pier;  also,  a  beacon  near  the  shorci  to  form  a  range  with  the  other 
light  for  vessels  approaching  the  harbor. 
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Money  statemenU 

Jaly  1, 1897,  balance  unexpended $53,726.48 

Jane  80,  ISSiB,  amount  expended  daring  fiscal  year 52,473.43 

July  1, 1898,  balance  unexpended 1,253.06 

July  1, 1898,  outstanding  liabiUtiee 480.11 

July  1, 1898,  balance  available 772.96 

C  Amount  (estimated)  required  for  completion  of  existing  project 480, 000. 00 

j  Amonntthatcanbeprontablyexpendedinfiscalyearendiuff  Jane30,1900  480,000.00 
]  Submitted  in  compliance  with  reauirements  of  sections  2  of  river  and 
I     harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


LIST  OF  CONTRACTS  FOB  IMPROVIKa  HARBOR  AT  ABHTABULA,  OHIO,  IN  FORCE  DUBOTC^ 

THB  FISCAL  YEAR  ENDING  JUNE  30,  1898. 

Contract  far  oonttrucUng  part  of  weat  Inroakwater. 

Name  of  contractor.  The  L.  P.  &  J.  A.  Smith  Co.,  Cleveland|  Ohio« 
Date  of  contract.  March  26, 1897. 
Date  of  approval,  April  22, 1897. 
Date  of  commencement,  May  5, 1897. 
Date  of  completion,  September  30, 1897. 


Amount  and  date  of  all  appropr%aUon$  for  improving  Aahtahula  Harbor,  Ohio. 


May20,1826 $12,000.00 

May  19, 1828 2,408.50 

March  3, 1829 6,940.25 

March  2, 1831 7,015.00 

July  3, 1832 3,800.00 

March  2, 1833 3,400.00 

June  28, 1834 5,000.00 

March  3, 1835 7,691.00 

March  3, 1837 8,000.00 

July  7,  1838 8,000.00 

June  11, 1844 5,000.00 

August  30, 1852 10,000.00 

March  3, 1853 42.60 

June  23, 1866 24,708.82 

March  2, 1867 54,000.00 

March  3, 1871 15,000.00 

June  10, 1872 15,000.00 

March  3, 1873 16,000.00 

June  23,  1874 35,000.00 

March8,1875 25,000.00 


August  14, 1876 $5,000.00 

June  18,  1878 12,000.00 

March  8, 1879 9,000.00 

June  14,1880 20,000.00 

March  3, 1881 20,000.00 

August  2,  1882 20,000.00 

Ju^5,1W4 22,500.00 

Augusts,  1886 30,000.00 

August  11, 1888 25,000.00 

September  19, 1890 40,000.00 

July  IS,  1892 70,000.00 

August  18, 1894 75,000.00 

June  3, 1896 50,000.00 

Total 662,401.21 

Expended  to  June  30, 1898. . .  661, 147. 15 

Balance  unexpended  Jnly  1, 

1898 1,254.06 


COMMERCIAL  STATISTICS. 


The  following  statistics  for  the  year  1897  relative  to  the  commerce  of  the  harbor 
of  A8h tabula,  Ohio,  were  compiled  from  information  Aimished  by  the  collector  of 
customs  and  others : 


Beoeipto. 


Iron  oro ..... 

Stono 

Lamber 

Railroad  ties 
FlBh 

Total. 


Tons. 


8.886,009 
8,588 

6,610 
8,240 
1,070 


8.381,107 


Shipmeiiti. 


Coal 

Lamber 

Merohandiae 

Total.. 


TOBO. 


918^904 
8,100 
0,500 


Ashtabula  Harbor,  Ohio. 


.^x€'OaH  ST4tAP( 


LAKC  SID£  a 


w KS.tUt 

largest  TesMls  nsiDg  harbor,  20  feet.    Largest  veeaela  do  not  load  to  foil 


IMPROVEMENT  OF  CONNEAUT  HARBOR,  OHIO. 

rat  Harbor  is  at  and  near  the  month  of  Oonneant  Greek,  Ohio, 
rtheasteni  part  of  the  State,  The  Qrst  improvement  was  made 
'oyisions  of  an  act  of  Oon^ess  approved  March  2, 1829.  It 
.  of  parallel  piers  of  timber  and  stone  115  feet  apart  extended 
e  bar  into  the  lake. 

een  appropriations  were  made  and  expended  for  constmotion 
utenance  of  the  piers,  until  1880,  the  total  amonnt  being 
39. 

liSinesB  of  the  port  not  being  safQcient  to  justify  further  main- 
no  further  ai)propriation8  were  made  until  1892,  when  new 
ial  conditions  had  arisen.  The  old  piers  on  the  east  side  were 
ruins  in  the  nature  of  obstructioDS  to  be  removed,  and  prac- 
le  same  on  west  side,  save  that  a  part  about  600  feet  long 
g  outward  from  the  shore  could  be  utilized  by  repairing  and 
;  it  a  few  years,  so  that  the  new  constructions  could  be  first 
ere  most  needed.  In  1893  the  channel  was  entirely  insudicient 
;ation  by  anything  larger  than  fishing  boats;  the  least  depths 
bar  were  but  3  feet,  although  the  depth  had  beeu  8  feet  and 
;s  11  feet  while  the  piers  were  in  good  condition. 
the  acts  of  July  13,-1892,  and  Febrnary  24, 1893,  a  project  was 
to  construct  parallel  piers  20U  feet  apart  extending  to  a  depth 
t  in  the  lake. 

ipliance  with  a  joint  resolution  of  Congress  approved  March 
a  plan  and  estimate  were  submitted  for  the  construction  of 
ergiiig  breakwaters,  to  afford  a  depth  of  25.5  feet  in  an  entrance 
wide,  to  complete  a  part  of  the  piers  previously  planned,  and 
a  depth  of  20  feet  or  more  in  the  protected  area.    The  report. 
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twenty-fonrtb,  eighteen  hundred  and  ninety-six."    The  estimated  cost 
of  the  project,  including  the  work  done  under  two  previous  appropria- 
tions, was  $610,000. 
The  expenditures  to  Jane  30, 1898,  have  been : 

From  1829  to  1880 $112,629.39 

From  1892  to  1897 81,515.62 

In  last  fiscal  year - 87,497.99 

Total 231,643.00 

At  the  beginning  of  the  fiscal  year  work  was  in  progress  constructing 
a  length  of  282  feet  of  west  breakwater  in  two  cribs  of  144  feet  and  138 
feet  length,  respectively. 

The  first  crib,  144  feet  long,  was  sunk  in  position  July  31,  and  the 
second,  of  138  feet  length,  was  sunk  and  filled  with  stone  Aagust  23. 
The  superstructure,  282  feet  long,  was  completed  I^ovember  30,  and  the 
riprap  protection  was  completed  in  December. 

The  rock  overlying  a  part  of  the  channel  between  piers  dips  so 
abruptly  to  the  northward  and  eastward,  as  to  lead  to  the  conclusion 
that  it  would  not  again  be  reached  within  the  limits  of  depth  proposed 
for  the  breakwater  foundation.  The  breakwater  was,  theretbre,  pro- 
vided with  an  .extended  base,  having  a  width  of  36  feet,  while  the  gen- 
eral width  for  that  inner  section  was  to  be  but  24  feet.  It  was  also 
arranged  to  protect  the  sand  bottom  of  the  lake  along  both  outer  and 
inner  faces  of  breakwater  with  mattresses  of  brush  covered  with  heavy 
stone. 

Shortly  before  dredging  the  foundation  it  was  discovered  that  the 
underlying  rock  at  that  place  would  be  found  at  approximately  the 
grade  on  which  it  was  proposed  to  place  the  bottom  of  the  cribs,  viz  : 
A  depth  of  23.5  feet  below  mean  lake  level.  The  presence  of  tlie  under- 
lying rock  made  the  dredging  of  foundation  very  difiicult.  A  dredge, 
employed  under  informal  contract  to  remove  the  sand  in  such  manner 
as  to  make  an  even  and  level  surface,  had  its  machinery  broken  after  a 
short  time.  To  prevent  delay  in  sinking  the  crib,  the  United  States 
dredge  plant  was  taken  from  Ashtabula  to  complete  the  foundation  for 
first  crib. 

The  two  cribs  rest  upon  the  rock,  which  is  somewhat  irregular  upon 
its  surface,  the  mean  depth  being  23.5  feet.  The  weight  of  stone  is 
sufficient  to  make  the  bottom  of  timber  work  conform  to  some  extent 
to  the  rock  surface,  so  that  the  top  alignment  shows  corresponding, 
though  smaller,  variations.  A  sheathing  of  white  oak,  4  inches  thick 
and  6  feet  long,  secured  by  lag  screws,  is  placed  upon  the  lake  face  and 
south  end  of  the  breakwater.  It  covers  the  face  from  a  line  2  feet 
above  to  4  feet  below  mean  lake  level. 

For  strength  and  class  of  workmanship  the  section  of  breakwater 
has  no  superior  in  construction  of  timber  crib  work  and  stone  previ- 
ously built  upon  the  lakes. 

The  entire  cost  of  the  section  of  breakwater  was  as  follows: 

Dredging  fonndation $997.40 

Timber  and  plank,  per  M : 

White  pine,  201,276  feet  B.  M.,  at  $19.40 3,904.75 

V^hiteoak,  22,436  feet  B.M.,  at$19 426.27 

Hemlock,  455,675  feet  B. M.,  at  $10.98 5,008.32 

Iron  and  steel,  per  pound : 

Screw  bolts  ana  washers,  52,141  pounds,  at  $0.0184 698. 69 

Drift  bolts,  50,284  pounds,  at  $0.0129 648.66 

Lag  screws,  4,437  pounds,  at  $0.0134 59.45 

Rods,  with  screws  and  nuts,  31,048  pounds,  at  $0.0134 416. 04 

Spike,  4,200  pounds,  at  $0.0149 62.58 
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Iron  and  steel,  per  pound— Continned. 

Ladders.  198  pounds,  at  $0.0159 $3.15 

Drift  bolts,  435  pounds,  at  $0.025 10.88 

Screw  bolts  and  washers,  642  pounds,  at  $0.021 13. 47 

Stone,  per  ton : 

Stone  for  filling  cribs,  6,916.52  tons,  at  $1.18 8,161.49 

Riprap  stone  (on  cars),  1,107  tons,  at  $0.95 1, 052. 35 

Demurrage  on  stone  vessels 450.00 

Purchase  and  repair  of  plant 236. 23 

Labor  and  superintendence ^ 6, 989. 08 

Total 29,133.81 

Cost  per  linear  foot,  about  $103.31. 

The  contract  price  for  stone  delivered  at  Gonneant  was  greater  than 
at  Ashtabnla.  With  the  exception  of  the  single  item  of  stone,  which 
was  procured  by  contract,  the  materials  and  labor  on  the  breakwater 
at  CoDneant  cost  about  $300  less  than  the  same  materials  would  cost 
at  the  contract  prices  for  the  section  of  breakwater  432  feet  long  at 
Ashtabula  Harbor. 

In  August,  1897,  a  small  amount  of  dredging  was  done  to  remove 
obstructions  and  deepen  the  channel  over  the  bar.  In  October  the 
stage  of  water  in  the  lake  was  nearly  1  foot  below  mean  level,  and  very 
great  complaint  was  made  of  the  difficulty  in  getting  vessels  to  and 
from  the  wharves.  An  informal  contract  was  therefore  made  for  dredg- 
ing, and  9,406  cubic  yards  of  material  were  removed,  at  a  cost  of  20 
cents  per  yard,  besides  engineering  and  inspection.  The  channel  was 
dredged  to  a  depth  of  20  feet  at  mean  lake  level.  An  examination  of 
the  channel  made  June  7,  1898,  showed  a  less  depth  of  water  than 
before  the  dredging  in  the  fall  of  1897.  Such  a  result  was  fairly  antici- 
pated, for  the  officer  in  charge  of  the  work  believed  that  the  dredging 
would  '^  not  result  in  aoy  permanent  benefit,"  and  that  a  little  care  not  to 
overload  the  <<  vessels  at  this  season  of  the  year,  when  the  lake  surface  is 
below  mean  level  and  is  varied  by  winds,  would  cost  the  shippers  less  than 
it  will  cost  the  United  States  to  attempt  to  secure  the  depths  they 
desire,  regardless  of  the  general  condition  of  the  improvement  at  the 
place  where  that  depth  is  wanted."  The  number  of  vessels  which 
entered  and  cleared  after  the  dredging  was  commenced  was  very  few, 
and  of  these  the  only  detentions  were  the  barge  Tyrone  in  charge  of  a 
tag,  which  remained  aground  about  one  hour  October  27,  because  the 
tag  did  not  keep  in  the  channel,  and  barge  No.  31  and  steamer  Fairbairn 
which  touched  and  were  detained  about  ten  minutes  I^ovember  4,  with 
lake  surface  1.1  feet  below  mean  level.  The  subject  has  been  here 
mentioned  because  it  explains  the  expenditure  of  a  small  part  of  the 
appropriation  and  illustrates  the  greater  readiness  of  shippers  to  make 
importunate  and  unreasonable  demands  for  full  channel  depths  late  in 
the  season  when  the  lake  is  usually  at  a  low  stage,  rather  than  to  lose 
a  small  part  of  the  profit  by  loading  vessels  to  suit  the  conditions. 

In  June,  1898,  the  United  States  dredge  plant  was  taken  to  Gon- 
neant, and  the  channel  was  deepened  to  20  feet  by  the  removal  of  6,370 
cabic  yards  of  material  from  the  bar  at  a  cost,  including  towing  expenses 
to  and  from  Ashtabula,  a  little  less  than  10  cents  per  cubic  yard.  The 
depths  thus  obtained  wiU  remain  until  obliterated  by  the  autumn 
storms. 

In  October  and  November,  1897,  very  heavy  northeast  storms  caused 
seas  to  break  entirely  over  the  beach  on  the  east  side  of  east  pier  and 
revetment  and  into  a  small  bayou.  It  became  necessary  to  immediately 
protect  the  sheet  piling  and  close  the  break  in  the  beach  to  prevent 
iiVJury  to  the  channel  and  revetment.    A  quantity  of  brush,  which  had 
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been  cat  for  mattresses  to  protect  sand  foundation  of  breakwater,  was 
placed  in  and  across  the  opening  and  loaded  with  922  tons  of  heavy 
riprap  stone.  The  same  storms  made  a  very  bad  break  in  channel  side 
of  old  west  pier  near  the  rear  beacon  of  range,  endangering  the  safety 
of  the  beacon  itself.  The  break  was  repaircMl  by  placing  in  it  451  tons 
of  heavy  riprap  stone. 

The  beach  on  east  side  has  been  entirely  restored.  The  west  pier  is 
as  strong  as  before  the  injuries,  and  the  channel  over  a  width  of  100 
feet  has  a  depth  exceeding  20  feet  at  mean  lake  level.  The  outer  end 
of  west  pier  was  repaired  and  strengthened  in  the  fall  of  1897. 

The  appropriation  of  June  3, 1896,  had  been  expended,  as  follows: 

On  hand  July  1, 1896 $40,180.92 

MaterialB  and  services,  constmotion  of  282  feet  west  breakwater,  shore 

end • 29,133.81 

Repairs  to  east  pier  and  revetment 765.18 

Stone  and  labor,  repairing  break  in  beach,  922  tons,  at  $1.15  per  ton 1, 060. 30 

Repair  to  outer  end,  west  pier 129.41 

Repair  to  break  in  old  west  pier,  451  tons  riprap,  at  $1. 15 518. 65 

Dredging  bar  and  channel 3,889.00 

Allotment  for  purchase  of  steamer  ViHt&r 1,260.00 

Purchase  and  repair  of  plant  for  work  on  piers 25.94 

Offioe  and  other  contingent  expenses 2,457.23 

Balance  unexpended  July  1,1898 951.40 

Total 40,180.92 

It  will  be  observed  that  a  little  less  than  $31,000  of  the  amount 
expended,  including  contingent  expenses,  has  been  applied  to  construc- 
tion under  the  project,  and  the  balance,  a  little  more  than  $9,000,  has 
been  applied  to  repairs  and  other  exx>enses  of  maintenance.  In  the 
last  Annual  Report  it  was  anticipated  that  but  $5,000  of  the  appropria- 
tion would  be  applied  to  maintenance,  and  the  estimated  amount  for 
completion  of  project  was  upon  that  basis.  The  amount  estimated  for 
completion  of  project  is  therefore  amended  so  that  the  amount  deducted 
from  original  estimate  of  $610,000  includes  only  the  sums  which  have 
been  or  are  to  be  applied  upon  the  project. 

Of  the  amount  unexpended,  the  amount  of  $634.65  is  due  for  services, 
etc.,  dredging  channel  in  June,  ISOS^and  $75  is  due  for  services. 

The  freight  tonnage  of  Gonneaut  Harbor  has  increased  from  1,265.6 
tons  late  in  the  fall  of  1892,  to  589,368  tons  in  the  year  1897,  the  aver- 
age annual  increase  has  therefore  exceeded  100,000  tons. 

Conneaut  Harbor  is  13  miles  east  of  Ashtabula  Harbor  and  is  near  the  boundary 
between  Ohio  and  Pennsylvania.  It  is  in  the  collection  district  of  Cuyahoga,  Ohio. 
There  are  two  fixed  white  lights  of  the  sixth  order  upon  the  west  pier  at  the  mouth 
of  the  river,  forming  a  range  for  vessels  approaching  to  enter  the  harbor. 

Money  itatement. 

July  1, 1897,  balance  unexpended $38,484.38 

June  30,  1898,  amount  expended  during  fiscal  year 37, 497. 99 

July  1, 1898,  balance  unexpended 986.39 

July  1, 1898,  outstanding  liabilities 709.65 

July  1, 1898,  balance  available 276.74 


'  Amount  (estimated)  required  for  completion  of  existing  project 499, 000. 00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1900  800, 000. 00. 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and  I 

harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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•  

Amouul  and  dale  of  all  aj}propi'iation9  for  improving  Conneaui  Harbor,  Ohio. 


March  2, 1829 $7, 500. 00 

April  23,1830 6,135.65 

March  2, 1831 6,370.00 

July  3,1832 7,800.00 

Jaly2,18d6.... 2,500.00 

March  3, 1837 5,000.00 

July7,1838 8,000.00 

JoD6ll,1844 5,000.00 

August  30, 1852 10,000.00 

June  23, 1866 20,513.74 

March  2, 1867 10,000.00 

AprU  10, 1869  (allotment) ....  8, 910. 00 

July  11,1870 6,000.00 


March  3, 1878 $400.00 

June  23, 1874 1,500. 00 

March  3, 1875 1,000.00 

June  14, 1880 6,000.00 

July  13,1892 40,000.00 

August  18, 1894 40,000.00 

June8,1896 40,000.00 

Total 232,629.39 

Expended  to  June  30, 1898 . . .  231, 643. 00 


Unexpended  July  1, 1896.. 


986.39 


OOIOCBROIAL  8TATI8TIG8. 

The  following  statistieB  for  the  year  1897  relative  to  the  commerce  of  the  harbor 
of  Conneant,  Onio,  were  compiled  from  information  furnished  by  the  collector  of 
Guatomt  and  others : 


Receipts. 


Iroii  ore ..... 

Lumber 

8toDe 


Totsl 


561,417 

1,151 

7,540 

90 


600.108 


Shipments. 


Cosl 

Merohandise. 


Total 


Tons. 


20,170 
600 


29,700 


ToUl  freight  tonnage : 

1897 589,368 

1800 448,031 


146,337 


YeMela. 


Kamber. 


Tonnage. 


Interlng.. 
Departing. 


448 
440 


Ott,148 
641,520 


Total  registered  tonnage: 

1897 1,284,663 

1806 1,510,178 


884,510 


Draft  of  largest  yesaels  using  harbor.  20  feet.    Largest  yesselB  do  not  load  to  full 
depth.    No  new  vessel  lines  asti^blishea  during  the  year* 


MMxa. 


REMOVING  SUNKEN  VESSELS  OB  CRAFT  OBSTRUCTING  OR  ENDANGERING 

NAVIGATION. 


Arrangements  h»v«  bem  completed  for  the  removal  of  the  wreck  of  a 
dredge  in  the  channel  about  750  feet  outside  the  piers  at  Monroe  Har- 
bor^  Michigan,  under  provisions  of  section  4  of  the  river  and  harbor  act 
approved  Jane  14, 1880. 
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Tbe  following  correspondence  is  given  in  explanation  of  the  condi- 
tions which  have  made  this  action  necessary: 

Unitkd  Statbs  Emgixebr  Office, 

Cleveland,  Ohio,  June  1, 1898, 

Gbnkral:  Under  date  of  An^st  21,  1897,  proposals  for  dredgine  a  channel  at 
Monroe  Harbor,  Michigan,  were  invited  by  circular  letter,  the  proposalB  to  be  opened 
ten  days  later.  The  entire  amonnt  available  being  but  $4,250  the  specificatioos 
covered  only  snch  points  as  would  enable  the  bidder  to  understand  the  kind  of  work 
to  be  done  by  the  cubic  yard  without  definite  specifications  regarding  plant  to  be 
employed. 

Among  several  bids  received  the  lowest  was  that  of  M.  J.  Griffon,  of  Detroit,  Mich., 
at  Hi  cents  per  cubic  yard,  and  the  proposal  was  therefore  accepted. 

Dredging  was  commenced  September  10, 1897,  but  with  a  plant  so  p|Oor  that  little 
progress  was  made.  On  the  12th  of  October,  1897, 1  notified  Mr.  Griffon  by  letter 
that  after  Saturday,  October  15,  the  dredge  furnished  would  not  longer  be  allowed 
upon  the  work  unless  another  and  better  dredge  be  sent  to  assist. 

My  circular  letter  inviting  proposals  had  not  been  sent  to  Mr.  Griffon  as  he  was 
not  known  to  be  in  the  business.  Although  the  circular  letter  had  not  specified  any 
definite  tyi>e  or  capacity  of  dredge  plant,  yet  I  felt  that  a  plant  of  reasonable 
strength  and  capacity  was  sufficiently  implied  to  consider  such  requirement  a  part 
of  the  agreement. 

On  the  12th  of  October,  1897,  the  dredge  was  sunk  partly  in  the  channel  about  750 
feet  outside  the  entrance  between  the  piers.  Work  was  resumed  with  another 
dredge  November  4  and  continued  until  November  30,  during  which  time  the  amount 
removed  was  3,965  cubic  yards,  at  11^  cents,  $455.98. 

November  19,  1897, 1  wrote  to  Mr.  Griffon,  the  contractor,  requesting  him  to  have 
the  dredge  removed.  A  reply  was  received  under  date  of  November  20, 1897,  saying 
he  was  t^ing  to  sell  the  dredge. 

Nothing  has,  however,  been  done  toward  removing  the  dredge,  and  on  the  17th  of 
May,  189^  I  wrote  to  Mr.  Griffon  asking  if  he  proposed  to  remove  the  dredge,  and 
notified  him  that  unless  it  were  removed  within  thirty  days  from  that  date  I  should 
take  steps  to  have  it  removed  by  the  United  States  and  charge  the  expenses  to  his 
account.    To  this  letter  I  received  no  reply. 

I  therefore  aak  to  be  authorized  to  employ  the  dredge  plant  belonging  to  the  United 
States  in  this  district,  with  the  inspector  and  crew,  to  remove  the  sunken  dredge 
and  to  complete  the  dredging  of  channel  aa  far  as  may  be  done  with  the  avaUaDle 
funds,  to  cnarge  the  cost  of  removing  the  dredge  to  Mr.  Griffon's  account,  and  if 
there  be  any  biQance  due  him  after  making  that  deduction  to  pay  it  to  him  in  full  set- 
tlement of  the  account. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Colonel,  Corps  of  Engineer; 

Brig.  Gen.  John  M.  Wilson, 

Chitf  of  Engineers,  U»  8»  A. 

Office  of  thk  Chief  of  Engineers, 

United  States  Armt. 
Washington,  June  7,  1898, 

Colonel  :  Tour  letter  of  the  Ist  instant,  in  respect  to  the  work  of  dredging  at 
Monroe,  Mich.,  and  removal  of  wreck  near  the  entrance  to  the  harbor,  is  received. 

It  would  probably  be  difficult  to  compel  removal  of  the  wreck  of  the  dredge  unless 
it  could  be  clearly  shown  that  the  boat  was  sank  there  through  negligence  or  care- 
lessness of  its  owner,  and  it  is  thought  preferable  that  it  be  removed  under  tbe  act 
of  Congress  of  June  14,  1880,  section  4,  provided  the  wreck  is  such  a  one  as  is  con- 
templated by  that  law.  In  that  event  it  will  be  necessary  for  yon  to  subnut  an 
estimate  of  tne  cost  of  the  work  of  removal  in  order  that  an  allotment  may  be  made 
under  the  permanent  indefinite  appropriation  made  by  that  act. 

If  further  work  of  dredging  is  required  in  the  harbor  it  may  be  done  by  the  United 
States  plant  provided  funds  are  available  for  the  purpose. 
By  command  of  Brigadier-General  Wilson : 
Very  respectful^,  your  obedient  servant, 

A.  Mackenzie, 
lAmikt,  CoL,  Corps  of  Engineers. 
Col.  Jared  A.  Smith, 

Corps  of  Engineers. 


APPENDIX   M  M — REPORT   OP   COLONEL   SMITH.  2689 

United  States  Engineer  Office, 

Cleveland,  Ohio,  June  10, 1898. 

Gknkrai.:  Referrine  to  yonr  letter  of  Jnne  7, 1898,  26979|  regarding  the  removal 
of  the  wreck  of  a  dredge  in  the  channel  outaide  the  piers  at  Monroe  Harbor,  Michi- 
pn,  I  haye  the  honor  to  snbmit  the  following  report,  recommendation,  and  esti- 
mate  of  coet. 

About  the  middle  of  October,  1897,  a  dredge  employed  in  deepening  the  channel  at 
Uonroe  Harbor.  Michigan,  was  accidentally  sank  in  the  lake  about  750  feet  oatside 
the  end  of  north  pier  and  directly  in  the  way  of  vessels  approaching^  the  harbor. 

The  dredge  was  of  little  valne,  and  the  owner  apparently  without  means  to 
nmove  it^  although  requested  to  do  so. 

On  the  17th  of  May.  1898,  I  informed  the  owner,  Mr.  M.  J.  Oriffen,  of  Detroit, 
Xich.,  that  unless  the  dredge  were  removed  within  one  month  ftom  that  date,  steps 
v(ni]d  be  taken  to  have  the  wreck  removed  by  the  United  States. 

The  wreck  is  such  as  to  endanger  the  navigation  of  Monroe  Harbor,  Michigan, 
nd  of  the  lake  for  vessels  passing  near  the  harbor  entrance :  it  is  therefore  of  the 
kind  contemplated  by  section  4  of  the  river  and  harbor  act  of  June  14,  1880. 

I  therefore  recommend  that  the  wreck  of  the  dredge  be  removed  by  the  United 
States  under  the  proviaions  of  the  act  above  mentioned.  The  cost  of  removal  is 
Mlimated  not  to  exceed  $300.  if  the  work  may  be  done  by  the  dredge  plant  beloug- 
iig  to  the  United  States.  Ii  the  work  is  to  be  done  by  contract  iSter  advertising, 
tte  estimate  should  be  increased  to  $500. 

In  my  opinion,  the  most  economical  and  advantageous  method  of  removing  the 
dndge,  both  in  point  of  time  and  expense,  is  to  do  the  work  by  hired  labor  employ- 
ia;  the  United  States  dredge  plant  and  crew  for  the  purpose.  I  therefore  recom- 
■end  that  the  work  be  done  in  this  manner  after  personal  notice  of  thirty  days  to 
tbe  owner. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Colonel,  Corps  of  Engineere. 
Brig.  Gen.  John  M.  Wilson, 

ChUif  of  Engineere,  U,  S.  A, 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington,  June  15, 1898. 

Colonel:  Tour  letter  of  the  10th  instant,  reporting  the  wrecked  dredge  at 
CDtarance  to  Monroe  Harbor,  Michigan,  to  be  an  obHtruction  to  navigation,  is  received. 
Vou  are  authorized  to  remove  the  wreck  as  proposed  and  the  sum  of  $300  is  allotted 
fnm  the  permanent,  indetinite  appropriation  for  removing  sunken  vessels  or  craft 
aktrncting  or  endangering  navigation — act  of  June  14,  1880 — to  pay  the  attendant 
expenses  of  the  work. 
By  authority  of  the  Secretary  of  War. 

Very  respectfully,  yonr  obedient  servant, 

John  M.  Wilson, 
Brig.  Gen.,  Chief  of  Engineers,  U.  8.  Army. 
Col.  Jared  A.  Smith, 

Corps  of  Engineers. 

Tbe  dredge  plant  belonging  to  the  United  States  will  therefore  remove 
the  wreck  at  an  early  date,  and  the  work  will  doabtless  be  completed 
iiiJaly,1898. 


M  M  13. 

IFRVEY  OF  MONROE  HARBOR,  MICHIGAN,  WITH  A  VIEW  OP  ODTAININO 

A  14-FOOT  DEPTH  OF  WATER. 

[Printed  in  Honse  Doo.  Ko.  102,  Fifty-fifth  CongrMs,  seoond  session.] 

Office  of  the.  Chief  of  Engineers, 

United  States  Army, 
Washington^  December  2, 1897. 

81B :  I  have  the  honor  to  sabmit  the  aceoaipanying  report  of  Novem 
bfir  10,  1897,  by  Col.  Jared  A.  Smith,  Corps  of  Engineers,  upon  survey 
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of  harbor  of  Monroe,  Mich.,  with  a  view  of  obtaining  a  14-foot  depth 
of  water,  made  to  comply  with  requirements  of  the  river  and  harbor 
act  of  Jane  3, 1896. 

The  harbor  of  Monroe  has  generally  been  understood  to  include  all 
that  part  of  Eaisin  Eiver  from  the  head  of  the  wharves  to  and  into  the 
lake,  a  total  distance  of  a  little  more  than  2^  miles,  and  has  been 
improved  by  the  United  States,  the  present  depths  varying  from  9  to 
12  feet. 

Colonel  Smith  submits  a  project  for  securing  14foot  depth  from  the 
lake  to  the  city  of  Monroe  by  extending  north  pier  2,000  feet  and  south 
pier  2,300  feet,  di  edging  over  bar,  canal  revetments  on  both  sides, 
dredging  in  river  and  canals,  and  blasting  and  removal  of  rock  in  situ; 
estimated  to  cost,  in  all,  including  contingencies,  $626,750.  He  states, 
however,  that  this  estimate  does,  not  include  the  expense  of  mainte- 
nance, which  will  be  considerable,  and  that  there  is  no  present  or  pros- 
pective commerce  which  would  justify  such  an  expenditure. 

In  a  report  on  a  preliminary  examination  of  Eaisin  Eiver,  dated 
August  26, 1896,  made  in  compliance  with  requirements  of  section  8  of 
the  river  and-  harbor  act  of  June  3, 1896,  Colonel  Smith  stated  (see 
House  Doc.  No.  81,  Fifty-fourth  Congress,  second  session;  also  Annual 
Eeport  of  the  Chief  of  Engineers,  1897,  p.  3094): 

In  yiew  of  the  facts  regarding  the  location,  condition,  and  commerce  of  the  Raisin 
River,  it  is  my  opinion  that  the  cost  of  any  extension  of  improvement,  heretofore 
planned,  wonld  vastly  exceed  the  prohable  benefit  to  the  commerce  of  the  country, 
whatever  benefits  might  accrue  would  be  local  in  extent,  and  it  is  doubtful  if  even 
the  local  benefit  wonld  be  very  great. 

The  maintenance  of  the  piers,  canal  revetment,  and  light-house  involves  all  the 
expense  which  can  be  justified  by  the  present  or  probable  oonmieroe  or  business  (if 
the  place. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.y  Chief  of  Engineers^ 

U.  8.  Army. 
Hon.  E.  A.  Algieb, 

Secretary  of  War, 


bepobt  of  ool.  jabed  a.  smith,  corps  of  engineers. 

Unii'ed  States  Enoineeb  Office, 

Cleveland^  OhiOy  November  10^  1897, 

General  :  I  have  the  honor  to  submit  the  following  report  of  a 
survey  of  Monroe  Harbor,  Michigan,  and  an  estimate  of  the  cost  '<of 
obtaining  a  14-foot  depth  of  water,''  as  required  by  section  9  of  the  river 
and  harbor  act  of  June  3, 1896,  and  instructions  in  letter  dated  July  24, 
1896,  from  office  of  Chief  of  Engineers: 

In  a  limited  sense,  the  harbor  of  Monroe  is  formed  by  that  part  of  the 
Eaisin  Eiver,  Michigan,  which  is  opposite  the  wharves,  which  are  built 
only  on  the  south  bank  of  the  river,  and  which  extend  over  a  length  of 
about  1,500  feet.  The  water  depth  along  the  upper  half  of  the  wharf 
front  varies  from  4  to  7^  feet,  and  along  the  lower  half  from  7^  to  8^ 
feet.  The  entire  width  of  the  river  at  this  place  is  about  230  feet,  and 
the  midchannel  has  an  average  depth  of  9.3  feet  at  mean  lake  level, 
with  a  bottom  of  solid  rock.  A  depth  of  water  less  than  14  feet  over 
the  rock  is  found  for  a  distance  of  nearly  2,000  feet  from  the  upper  end 
of  wharves,  and  for  a  considerably  further  distance  the  rock  underlies 
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ttie  river  at  depths  of  14  to  16  feet.    The  rock  is  of  a  limestone  forma- 
tion and  so  hard  that  its  removal  woald  be  expensive. 

In  a  broader  sense,  the  harbor  of  Monroe  has  generally  been  under- 
stood to  include  all  that  part  of  the  Raisin  River  extending  from  the 
head  of  the  wharves  to  and  into  the  lake,  a  total  distance  of  a  little 
more  than  2^  miles.  The  plan  of  improvement  originally  adopted  con- 
sist^ of  cutting  a  canal  100  feet  wide  and  4,000  feet  long  through  the 
neck  of  a  marshy  peninsula,  to  make  a  shorter  and  better  outlet  to  the  lake. 
kt  the  mouth  of  the  canal  piers  were  extended  into  the  lake,  the  longer 
one  on  the  north  side  being  about  1,350  feet  in  length.  A  distance  of 
800  feet  from  the  starting  point  the  piers  were  parallel  and  100  feet 
ftpart;  thence  the  directions  were  changed  to  widen  the  space  between 
by  an  increase  on  each  side  to  the  outer  end  of  south  pier,  where  the 
vidth  is  210  feet.  The  north  pier  extends  200  feet  farther  into  the  lake 
than  the  south  pier. 

The  sides  of  canal  were  protected  by  a  revetment  of  sheet  piling, 
supported  by  piles  and  waling  pieces,  all  of  oak. 

After  the  improvement  at  and  near  the  mouth  of  the  river  had  been 
undertaken  by  the  United  States  the  township  or  city  of  Monroe  fur- 
Uier  improved  the  channel  by  cutting  a  canal  1,400  feet  long  across  the 
neck  of  a  peninsula  formed  by  a  bend  in  the  river.  The  city  canal  bad 
the  same  width  and  was  protected  in  the  same  manner  as  that  con- 
structed by  the  United  States.  Approximately,  one-half  of  the  chan- 
nel distance  from  outer  end  of  piers  to  upper  end  of  wharves  has  thus 
been  made  in  canals  entirely  outside  of  the  original  river  bed. 

Since  1849  a  light-house  has  been  maintained  on  the  outer  end  of  the 
north  pier. 

The  upper  half  of  the  wharf  front  is  but  little  used  and  is  in  poor 
eondition.  Along  the  lower  half  of  wharf  front  the  depths  are  gen- 
erally 8  to  9  feet.  In  the  natural  bed  of  the  river  the  depths  are  9 
feet  or  more,  over  a  width  of  50  to  75  feet.  In  the  canals  the  mid-chan- 
nel depths  are  generally  12  feet  or  more,  decreasing  toward  the  sides. 
At  the  outer  end  of  the  piers  the  channel  depth  is  generally  a  little 
more  than  10  feet. 

In  November,  1896,  a  survey  of  the  channel  and  bar  to  a  depth  of 
14  feet  in  the  lake  was  made  by  Mr.  William  T.  Blunt,  United  States 
assistant  engineer,  and  his  report  was  embodied  in  my  annual  report 
for  improving  harbor  of  Monroe,  Mich.,  for  year  ending  June  30, 1897 
(Report,  Chief  of  Engineers,  1897). 

The  soundings  from  the  survey  have  been  sufficiently  platted  to 
afiford  means  of  making  an  estimate  of  the  first  cost  of  deepening  the 
channel  to  14  feet,  but  as  the  map  is  not  needed  to  explain  this  report 
its  completion  has  been  deferred,  to  give  place  for  more  important  work. 

Outside  of  the  piers  the  shortest  distance  to  a  depth  of  14  feet  in  the 
lake  is  nearly  on  the  prolongation  of  the  axis  of  channel  between 
piers,  and  the  distance  is  2,000  feet  beyond  the  outer  end  of  north 
])ier.  Depths  of  10  to  13  feet  are  found  on  a  line  bearing  north  55 
degrees  east  from  the  light-house,  at  a  shorter  distance  than  on  the 
prolongation  of  channel  between  piers,  but  the  depth  of  14  feet  is  at  a 
distance  600  feet  greater  than  on  the  direct  line.  The  latter  line  would 
expose  the  channel  far  less  to  efiects  of  storms,  so  that  the  estimate  is 
baaed  upon  that  line. 

Experience  of  previous  years  has  shown  that  channels  dredged  in 
the  bar  outside  the  ends  of  piers  are  soon  obliterated  by  drifting  sand, 
and  it  is,  of  course,  to  be  assumed  that  the  requirement  of  Congress  for 
an  estimate  of  cost  of  improvement  with  a  view  of  obtaining  a  14^foot 
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deptb  of  water  refers  to  a  chaTinel  depth  of  14  feet,  which  cacB^  ^ 
maintained  at  a  comparatively  reasonable  expense.  A  channel  acK"^'^ 
the  bar  can  have  no  approximation  to  permanence  unless  it  is  protect ^^ 
on  both  sides  by  piers.  The  length  of  piers  required  for  this  purp>t--5°^ 
on  the  shortest  lines  to  the  lake  contour  of  14  feet  is,  for  north  i>^^^ 
2,000  feet  and  for  south  pier  2,300  feet 

The  revetment  of  the  canals  is  now  in  very  bad  condition,  ^^^.^Jt 
deepening  of  channel  to  14  feet  would  remove  it  entirely,  and  ^^^f 
banks  are  too  soft  to  stand  well  without  protection.    A  new  revetma^^ 
would  therefore  be  required  throughout.  ^^ 

The  channel  across  the  bar  should  have  a  width  as  great  as  200  fee^^ 
and  if  a  channel  of  14  feet  depth  were  really  needed  for  the  business  (^^ 
the  place  that  width  should  ultimately  be  made  throughout.    For  th^^ 
purpose  of  the  estimate,  however,  a  width  of  200  feet  over  the  bar  an^ 
100  feet  inside  has  been  assumed  to  be  sufficient. 

These  remarks  will  sufficiently  explain  the  following  estimate  of  cost: 

For  extending  north  pier  2,000  feet  and  south  pier  2,300  feet,  4,300  linear  feet 

of  pier,  at  $75 $322,500 

Dredffingoyer  bar,  51,000  cubic  yards,  at  15  cents 7,660 

Canal  revetments  on  both  sides,  10,800  linear  feet,  at  $15 162, 000 

Dred^ng  in  river  and  canals,  264,000  cubic  vards,  at  15  cents 38, 600 

Blasting  and  removing  19,000  cubic  yards  of  rook  in  situ,  at  $5 95,000 

Total 626,750 

The  prices  above  given  are  made  to  include  all  cost,  with  contingent 
expenses,  and  are  as  low  as  they  can  safely  be  estimated. 

The  estimate  is  for  first  cost  of  construction  only,  and  includes  no 
amount  for  maintaining  the  channel.  That  the  expense  of  maintenance 
will  be  considerable  is  apparent  from  the  fact  that  the  natural  condition 
of  the  river  where  the  bottom  is  of  soft  material  does  not  maintain  a 
clear  channel  of  more  than  10  feet  depth  over 'a  width  of  50  to  75  feet. 

When  we  look  for  the  present  or  prospective  commerce  which  would 
justify  such  an  expenditure  it  can  not  be  found.  Monroe  Harbor  is 
located  nearly  midway  between  Detroit,  Mich.,  and  Toledo,  Ohio,  both 
of  which  have  incomparably  better  facilities  by  rail  as  well  as  water, 
besides  being  far  better  located  for  receiving  and  shipping  along  lines 
of  transportatioTu 

For  many  years  the  receipts  at  the  wharves  have  consisted  almost 
entirely  of  telegraph  poles,  of  which  the  calculated  weight  in  1895  was 
nearly  30,000  tons.  The  poles  are,  however,  rafted  up  the  river  in  tow 
of  tugs  which  draw  less  than  10  feet  of  water. 

Within  two  or  three  years  a  small  hotel  has  been  built  on  the  shore 
at  the  month  of  the  river,  and  clubhouses,  bath  houses,  and  other  attrac- 
tions bring  business  for  smal]  excursion  steamers  running  mainly  to 
and  from  Toledo  and  carrying  people  most  of  whom  go  and  return  the 
same  day.  These  excursion  steamers  are  small,  run  only  during  the 
heated  term  of  summer,  and  rarely,  if  ever,  go  up  the  river  as  far  as 
the  wharves.  Their  traffic  is  not  of  a  kind  which  affects  the  commerce 
of  the  country  at  large  in  any  way. 

A  report  of  a  preliminary  examination  of  the  Eaisin  Kiver  was  sub- 
mitted to  the  Chief  of  Engineers  under  date  of  August  26, 1896,  and 
was  published  in  House  Doc.  'So.  81,  Fifty-fourth  Congress,  second  ses- 
sion. I  invite  attention  especially  to  its  closing  paragraphs,  which  are 
as  follows: 

In  view  of  the  facts  rofiparding  the  location,  condition,  and  commeroe  of  the  Rairia 
River,  it  is  my  opinion  that  the  cost  of  any  extension  of  improYements  heretofore 
planned  woold  vastly  exceed  the  prohahle  henefit  to  the  oommeroe  of  the  ooonfciy. 
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Whatever  benefits  might  accme  would  be  local  in  extent,  and  it  is  doubtful  if  even 
the  local  benefit  would  be  very  great. 

The  maintenance  of  the  piers,  canal  revetment,  and  light-house  involves  all  the 
expense  which  can  be  Justified  by  the  present  or  probable  commerce  or  business  of 
the  place. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Colonel^  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A. 


M  M  14. 

SURVEY  OF  THE  STRAIGHT  CHANNEL  IN  MAUMEE  EIVER  AND  BAY,  OHIO. 

[Printed  in  House  Doo.  No.  1^,  Fifty«flfth  Congreu,  second  soMion.] 

Office  of  the  Chief  of  ENaiNESBS, 

United  States  Army, 
Washington^  December  23^  1897. 

Sib:  I  have  the  honor  to  submit  the  accompanying  copy  of  report, 
dated  December  16, 1897,  with  maps,  by  Ool.  Jared  A.  Smith,  Corps  of 
EiDgineers,  of  the  results  of  a  survey  of  the  straight  channel  in  Maumee 
Biver  and  Bay,  made  to  comply  with  provisions  of  the  sundry  civil  act 
approved  June  4, 1897. 

Colonel  Smith  presents  estimates  of  cost  of  obtaining  a  width  of  400 
feet  and  a  depth  of  21  feet  at  mean  level  throughout  the  channels  in 
Maamee  Biver  and  Bay,  as  follows: 

For  river  channels $332,000 

For  channels  and  dike  in  bay 763,000 

Total 1,095,000 

He  expresses  the  opinion  that  the  channel  at  the  extreme  upper  part 
of  the  wharf  frontage,  indicated  on  the  map  as  Division  A,  is  not  a 
thoroughfare  and  is  used  only  by  a  portion  of  the  vessels  which  pass 
most  of  the  dredged  channel  below,  and  as  a  consequence  that  a  nar- 
rower channel  here  would  be  sufficient  for  all  necessities  of  the  present 
or  immediate  future.  If  this  suggestion  is  adopted  the  estimate  would 
be  reduced  to  $1,005,000.  Attention  is  invited  to  Colonel  Smith's 
remarks  regarding  maintenance  of  the  work. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Gen.j  Chief  of  Engineers^ 

U.  8.  Army. 
Hon.  B,  A.  Alger, 

Secretary  of  War. 


-» 


bepobt  of  col.  jabed  a.  smith,  corps  of  enoineebs. 

United  States  Engineer  Offioe, 

Cleveland^  Ohio^  December  16^  1897. 

Oenebal:  I  have  the  honor  to  submit  the  following  report  of  a  sur- 
vey and  an  estimate  of  cost  of  widening  and  deepening  the  straight 
channel  in  Maumee  Biver  and  Bay,  the. duty  having  been  assigned  to 
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me  by  yoar  letter  dated  Jane  10, 1897,  in  compliance  with  a  reqoire- 
meut  in  tbe  sundry  civil  act  approved  June  4, 1897,  as  follows: 

The  Secretary  of  War  is  hereby  direoted  to  caase  to  be  made  a  sorvey  and  esti- 
mate of  cost  of  deepening  and  widening  the  straight  channel  in  Maamee  lUver  and 
Bay,  with  a  view  to  obtaining  and  permanently  securing  a  channel  of  a  nnifonn 
width  of  four  hundred  feet  and  twenty  feet  deep  at  low  water,  the  cost  of  said  snr- 
Tey  to  be  paid  out  of  money  already  appropriated  for  the  improvement  of  said 
channel. 

The  wording  of  the  foregoing  provis'ion  of  law  is  such  as  to  adroit  of 
some  difference  of  interpretation  regarding  the  extent  of  the  survey 
and  estimate  required.  In  order  that  the  situation  may  be  fully  under- 
stood, the  history  and  present  condition  of  the  improvement  of  channels 
in  Maumee  Eiver  and  Bay  are  therefore  briefly  given  in  explanation. 

As  the  large  maps  in  detail,  platted  from  the  survey  and  used  in 
computing  quantities  of  material  to  be  removed,  are  unsuitable  to  afford 
a  comprehensive  view  of  the  river  and  bay,  I  have  had  a  map  of  the 
river  and  bay  compiled  in  two  sheets  upon  a  smaller  scale,  and  these 
sheets  are  forwarded  in  a  separate  package  to  accompany  this  report. 

The  harbor  of  Toledo,  Ohio,  is  in  the  Maumee  Eiver,  the  greater 
part  of  the  wharf  frontage  being  on  the  west  side;  the  upper  end  of 
wharf  front  is  nearly  7  miles  from  the  mouth  of  the  river.  The  unim- 
proved channels  in  the  harbor  and  thence  in  the  river  to  the  bay  were 
very  much  deeper  than  through  the  bay  from  the  mouth  of  the  river  to 
the  lake.  At  the  extreme  upper  end  of  the  wharf  front  the  depths  in 
a  narrow  channel  exceeded  12  feet;  a  small  shoal  near  the  mouth  of 
Swan  Creek  had  a  depth  exceeding  14  feet,  and  a  second  shoal  opposite 
Riverside  Park  had  depths  of  16  feet  or  more.  All  other  parts  of  the 
harbor  and  of  the  river  below  had  depths  exceeding  18  feet,  while  in 
the  bay  the  smallest  depths  did  not  exceed  8^  feet,  and  the  channels 
were  so  indirect  as  to  add  very  greatly  to  the  distance  from  the  month 
of  the  river  to  deep  water  in  the  lake. 

The  first  project  for  improving  the  harbor  of  Toledo,  Ohio,  was  adopted 
with  a  view  of  obtaining  a  dex)th  of  12  feet  in  the  channels  through 
Maumee  Bay.  In  1887  a  project  for  a  straight  channel  17  feet  deep 
and  200  feet  wide  through  Maumee  Bay  was  adopted,  in  compliance 
with  previous  acts  of  Congress.  The  estimate  of  $1,875,000  as  the  cost 
of  that  improvement  included  the  first  cost  of  dredging  the  channel 
and  of  protecting  it  on  both  sides  by  some  type  of  dikes  or  piers. 

The  dredging  of  the  channel  had  been  practically  completed  before 
the  close  of  the  season  of  1892;  but  the  deposit  from  various  causes 
within  its  banks  had  added  much  to  the  cost  of  dredging,  which  nec- 
essarily included  a  considerable  amount  for  maintenance.  The  con- 
struction of  the  dikes  at  first  proposed  has  thus  far  been  considered 
inadvisable. 

The  original  project  has  been  enlarged  by  increasing  the  width  of 
the  outer  part  of  channel  to  300  feet,  and  by  extending  the  improvement 
up  the  Maumee  Eiver.  The  extension  in  length  was  in  accordance  with 
requirements  in  the  river  and  harbor  acts  of  July  13, 1892,  August  18, 
1894,  and  June  3, 1896.  In  each  of  the  acts  named  the  improvement 
has  been  designated  as  the  <<  straight  channel,"  and  the  extension  of 
that  improvement  up  the  Maumee  Eiver  was  authorized.  Wliile  the 
portions  of  channel  which  have  been  improved  in  the  river  can  not  be 
considered  a  part  of  the  straight  channel,  yet  they  are  additions  to  the 
stniight-chaiinel  improvement  of  Toledo  Harbor  which  have  been  spe- 
ciaMy  authorized  by  law,  and  it  has  therefore  been  assumed  that  the  pro- 
vision for  a  ^^  survey  and  estimate  of  cost  of  deepening  and  widening 
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Ae  fitraiglit  channel  in  Maamee  Ei  ver  and  Bay"  was  intended  to  include 
SQCh  parts  of  the  harbor  of  Toledo  and  of  the  river  channels  below  as 
had  not  the  depth  and  width  of  channel  for  which  the  estimate  is 
required. 

The  depths  of  water  indicated  upon  charts  since  1875  have  reference 
to  the  plane  of  mean  lake  level  from  1860  to  1875,  inclasive.  The  stage 
of  low  water  upon  the  lakes  is  very  uncertain;  while  not  perceptibly 
affected  by  tidal  action,  the  greatest  variations  of  surface  elevation  in 
Haamee  Bay  exceed  12  feet.  These  extreme  fluctuations  are  mainly 
caused  by  very  strong  winds.  Winds  from  westerly  directions  are 
greatest  in  amount  and  in  force,  and  they  lower  the  surface  in  the  west- 
ern part  of  the  lake  while  raising  it  in  the  east.  The  lowest  as  well  as 
the  highest  stages  of  water  are  therefore  near  the  extreme  ends  of  the 
lake,  and  are  of  comparatively  short  duration.  The  amount  of  water 
flowing  in  and  through  the  lake  in  a  series  of  years  is  of  course  due 
primarily  to  the  amount  of  precipitation  in  the  area  drained,  but  the 
flactaations  of  mean  as  well  as  of  extreme  surface  elevation  are  largely 
due  to  other  causes. 

While  the  conditions  have  not  thus  far  been  exactly  determined, 
there  is  good  reason  to  believe  that  the  mean  annual  elevation  of  the 
surface  in  Maumee  Bay  and  in  the  west  end  of  the  lake  near  its  head 
is  several  inches  lower  than  in  the  east  end  hear  the  outlet  into  the 
Niagara  River. 

For  pnriK>ses  of  chart  reductions  the  mean  surface  elevation  of  the 
lake  has  been  assumed  to  be  the  same  throughout  and  to  be  2.34  feet 
below  the  high  water  of  183vS.  Cleveland  is  the  nearest  point  to  Mau- 
mee Bay  where  daily  records  have  been  kept  continuously  since  1859. 
The  records  from  July,  1859,  show  that  in  each  calendar  year  the  mean 
monthly  elevations  have  been  greatest  in  the  months  of  May,  June,  and 
July,  and  once  only  in  August.  The  maximum  elevation  has  occurred 
most  times  in  June,  and  more  in  July  than  in  May.  The  lowest  mean 
monthly  elevations  appear  most  in  February,  but  during  the  season  of 
navigation  they  are  in  I^ovember  and  December.  By  taking  the  mean 
of  the  low  water  of  each  year  during  thirty-seven  years,  as  shown  by 
the  lowest  mean  stage  for  a  single  month  in  each  year,  the  mean  low 
water  at  Cleveland  is  found  to  be  approximately  nine-tenths  of  a  foot 
below  the  mean  level  from  1860  to  1875.  The  mean  low  water  in  Mau- 
mee Biver  and  Bay  is  probably  lower  than  at  Cleveland,  and  I  have 
therefore  assumed  that  it  is  approximately  1  foot  below  the  datum 
plane  of  mean  lake  level,  and  that  a  depth  of  20  feet  at  low  water  is  as 
nearly  equivalent  to  21  feet  below  mean  lake  level  as  can  be  determined 
at  the  present  time. 

It  was  required  that  the  cost  of  the  survey  should  ^^  be  paid  out  of 
money  already  appropriated  for  the  improvement  of  said  channel.^ 

The  most  economical  and  advantageous  method  of  making  the  sur- 
vey was  to  have  it  done  by  an  assistant  engineer,  with  the  small  steamer 
Swansea  and  crew,  which  are  employed  upon  improvements  in  this  dis- 
trict, at  such  times  as  their  services  were  not  imperatively  required  upon 
other  duties.  Under  date  of  June  15, 1897, 1  therefore  assigned  the  field 
work  of  the  survey  and  estimate  to  Mr.  William  T.  Blunt,  United  States 
assistant  engineer.  A  copy  of  Mr.  Blunt's  report,  dated  November  29, 
1897,  is  appended  hereto. 

The  hydrographic  work  of  the  survey  was  carried  on  at  various  times 
from  Juiy  2  until  October  26,  inclusive;  it  included  about  21,000  sound- 
ings, each  of  which  had  to  be  located,  corrected  for  reduction  to  the 
stage  of  mean  level,  and  platted  nx)on  the  charts.    The  reductions  Qf 
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sonndiDgs  and  platting  of  maps  have  necessarily  been  made  at  odd 
times,  in  a  very  small  cabin  on  the  steamer,  mach  of  the*  work  being 
done  while  running  from  place  to  place. 

The  large  scale  maps  of  the  survey  are  thus  far  only  sufficiently 
advanced  to  furnish  data  for  the  estimate,  but  the  smaller  maps  accom- 
panying the  report  are  better  for  purposes  of  explanation. 

For  full  details  of  the  survey  and  estimate  I  invite  attention  to  Mr. 
Blunt's  report. 

Divisions  of  the  channel  on  the  accompanying  maps  have  been  let- 
tered from  A  to  K,  for  convenience  of  reference. 

The  part  *^A,"  above  Fassett  Street  Bridge,  has  not  heretofore  been 
improved  by  the  United  States.  It  is  at  the  extreme  upx)er  end  of  the 
wharf  frontage,  and  of  course  has  less  of  traffic  than  is  found  in  the 
channels  below,  f  believe  that,  while  the  greater  width  is  desirable,  all 
purposes  of  business  would  be  reasonably  served  with  a  width  of  200 
feet  and  a  turning  basin  of  500  feet  width  at  the  upper  end.  This 
would  somewhat  reduce  the  estimate  of  quantities. 

Division  <^  B,"  between  Fassett  Street  Bridge  and  the  bridge  of  the 
Lake  Shore  and  Michigan  Southern  Railway  Company,  has  a  channel 
exceeding  21  feet  in  depth,  with  an  average  width  of  at  least  400  feet, 
though  in  places  it  is  a  little  less.  I  believe  that  this  portion  of  the 
channel  sufficiently  fulfills  the  requirements  for  a  depth  of  21  feet  at 
mean  lake  level  and  a  width  of  400  feet,  so  that  no  estimate  for  its 
widening  is  included. 

The  part  marked  ^<  0,"  from  bridge  of  the  Lake  Shore  and  Michigan 
Southern  Eailway  Company  to  the  Cherry  Street  Bridge,  a  distance 
nearly  1^  miles,  covers  the  shoal  heretofore  dredged  400  feet  wide  and 
18  feet  deep  over  a  length  of  nearly  4,000  feet.  The  deeper  channel 
will  necessarily  have  to  be  dredged  over  a  slightly  increased  distance, 
and  it  is  considered  advisable  to  modify  the  location  of  a  part  of  tbe 
lower  end. 

The  part  <'  D,''  between  Cherry  Street  Bridge  and  the  bridge  of  the 
Pennsylvania  Railroad,  has  a  channel  depth  exceeding  21  feet  and 
nearly  400  feet  wide.  This  is  a  busy  place  for  navigation  on  the  city 
ft'ont,  and  its  limitations  by  the  bridges  make  the  full  width  all  the  more 
desirable. 

Divisions  "B,"  "F,"  and  ^'G''  cover  the  channel  between  the  Penn- 
sylvania Eailroad  Bridge  and  the  bridge  of  the  Wheeling  and  Lake 
Erie  Bailroad,  more  than  2  miles  below.  Kearly  midway  between  the 
two  bridges  is  the  shoal  known  as  ^'  The  Crossing,"^  which  has  been 
dredged  to  a  depth  of  18  feet  over  a  width  of  400  feet  and  a  length 
about  3,500  feet. 

The  part  ^^H''  completes  the  river  channel  to  the  head  of  the  straight 
channel  in  the  bay.  From  this  point  to  the  contour  of  21  feet  depth  in 
the  lake  the  distance  is  a  little  more  than  8  miles,  whieh  is  essentially 
a  straight  channel  throughout,  but  which  has  a  small  place  near  the 
middle,  known  as  <'  The  Turn-out,''  where  the  channel  is  divided  into  two 
parts  of  200  feet  width  each,  with  a  space  between  where  range  lights 
are  located  in  the  axis  of  the  channel.  Kear  each  end  of  this  place 
there  is  a  large  crib  filled  with  stone,  on  which  are  lighthouse  beacons. 

At  the  southwest  end  there  is  a  dwelling  for  light  keeper,  a  good 
wharf,  and  a  buoy  shed  for  the  Light-House  Establishment.  An  iron 
lighthouse  is  now  being  constructed  at  each  end,  so  devised  as  to  make 
a  range  in  both  directions  in  the  axis  of  the  channel.  The  middle  of 
channel  is  also  marked  irom  the  mouth  of  the  river  outward  by  beacons, 
known  as  the  "  Manhattan  Bange,"  at  Korth  Toledo. 


ians  of  uommanicatioti  betweeu  tfae  two  lights  is  essentia)  to  their 
and  reliable  maintenauce.  The  distance  to  be  traversed  in  a 
oat  is  about  one-fonrth  of  a  mile,  exposed  on  all  sides  to  winds 
IB  troTa  the  lake  and  bay,  and  at  certain  seasons  to  ice,  with  no 
whatever  at  the  ont«r  beacon,  and  bat  little  at  the  main  light. 
1  dike  between  the  lights  will  protect  both  adjacent  channels 
OSS  cnrrentB  and  the  resulting  inconvenience  and  fill,  and  will  in 
[  protect  one  of  the  channels  from  seas;  it  will  also  be  a  guide 
ing  vessels,  and  will  prevent  them  from  going  aground  between 
ita.  The  other  benefits  to  be  derived  from  the  construction  of 
e  are  in  coanection  with  the  maintenance  of  the  lights  and  the 
is  it  will  afford  for  a  storage  depot.  I  therefore  recommeud  its 
.ction  as  a  necessary  part  of  the  work. 

3lant  has  discussed  the  question  of  maintenance  of  chaauels 
le  basis  of  the  fill  which  has  heretofore  taken  place.  Upon  that 
he  estimated  annual  cost  of  maintaining  the  channels  to  fnll 
ind  depth,  for  which  the  estimate  is  made,  is  $50,450.  It  is  oiy 
that  alter  the  channels  have  been  ftilly  excavated  the  qnantiCy 
jrial  which  will  fill  into  tliem  will  be  less  than  the  estimate,  more 
lly  in  the  bay,  where  a  different  principle  is  involved  from  that 
in  river  channels.  The  Maumee  River  itself  is  quite  diSerent 
rers  in  general.  The  surface  of  the  river  is  not  maintained  by 
sunt  of  outdow  throughout  most  of  the  year,  but  is  held  at  practi- 
e  same  mean  elevation  as  the  lake.  The  sectional  area  of  the  river 
I  and  the  oulfiow  in  general  very  small.  When  winds  are  snch 
liae  the  water  level  lu  Manmee  Bay,  the  water  flows  up  the  river, 
ease  of  a  very  rapid  lowering  in  the  bay  the  water  Qows  outward 
velocity  not  in  the  inverse  ratio  of  the  area  of  wet  cross  Bection, 
nost  rivers,  but  it  is  quite  possible  that  in  the  bay,  and  in  parts 
river,  the  currents  may  andcr  certain  conditions  flow  more 
in  a  large  channel  than  in  a  smalt  one,  because  of  tbe  decreased 
ice. 

e  aiinnal  report  on  the  straight-channel  improvement  for  1896, 
of  Chief  of  Engineers,  189(i,  page  2919,  the  tables  accompanr- 
report  are  discussed,  with  the  conclusion  that — 
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a  distance  of  aboat  five-eighths  of  a  mile  in  the  outer  end  of  Atraijclit 
channel,  there  was  an  average  increase  exceeding  5  inches  in  the  chan- 
nel depth.  Jn  the  previous  year  the  soundings  over  same  section  of 
channel  showed  an  average  shoaling  of  nearly  4  inches. 

In  the  dredged  river  channels  as  well  as  in  the  bay  the  fill  is  doubt- 
less largely  due  to  the  sliding  in  of  surface  material  of  the  banks  and 
bottom  of  adjacent  shoals.  It  is  evident  that  this  source  of  reduction 
in  channel  depths  will  be  less  from  year  to  year,  so  that  in  a  few  years 
the  amoant  will  be  too  small  to  be  considered. 

A  continued  study  of  the  conditions  and  observations  in  the  river 
and  bay  leads  me  to  believe  that  the  excess  of  fill  heretofore  found  in 
the  parts  of  straight  channel  nearest  the  river,  or  even  in  the  river 
itself,  over  those  nearer  the  lake  is  not  entirely  due  to  deposition  of 
silt  which  has  been  brought  down  the  river,  but  that  further  observa- 
tions will  show  that  this  excess  is  partly  due  to  the  dififerent  character 
of  material  in  and  near  the  banks  of  the  dredged  channels. 

The  banks  in  and  near  the  river  are  of  clay  or  mud,  of  which  the  sur- 
face is  soft  and  easily  stirred  up  by  currents  or  passing  vessels,  while 
in  the  outer  part  of  channel  the  surface  is  generally  of  sand,  which 
overlies  a  harder  material  than  that  in  the  river.  The  wider  the  chan- 
nel is  made  the  less  the  banks  will  be  disturbed  by  passing  vessels. 

While  the  estimate  of  annual  fill  given  in  Mr.  Blunt's  report  is  based 
upon  certain  data  to  which  he  refers,  yet  underlying  those  data  are  to 
be  found  principles  of  oi^eration  which  show  that  the  amounts  of  fill  in 
any  section  do  not  bear  any  fixed  ratio  to  the  channel  widths,  and  that 
the  rate  of  fill  and  consequent  cost  of  maintenance  after  the  channel 
has  been  completed  is  not  likely  to  be  uniform,  but  will  decrease  from 
year  to  year.  The  work  of  maintenance  can  be  done  with  greatest 
economy  and  advantage  by  a  dredge  plant  belonging  to  the  United 
States. 

During  the  fiscal  year  ending  June  30, 1896,  the  entire  cost  of  main- 
taining and  operating  the  United  States  dredge,  tug,  and  scows 
employed  upon  the  improvement,  which  included  quite  as  much  as  the 
annual  average  amount  for  repairs,  did  not  exceed  $18,000.  It  is  my 
opinion  that  after  the  channels  have  been  completed  and  maintained 
three  to  five  years,  when  the  banks  will  have  become  reasonably  per- 
manent, a  dredge  plant  which  can  be  maintained  and  operated  at  a  cost 
not  exceeding  $20,000  per  year  will  be  sufilcient  to  maintain  the  dimen- 
sions of  channels,  and,  in  addition,  at  times  to  be  made  useful  elsewhere. 
During  this  intermediate  period  between  completion  and  stability  the 
exx)ense  may  be  reasonably  assumed  not  to  exceed  an  average  of  $30,000 
per  year. 

To  confine  the  channel  throughout  by  jetties  or  other  works  with  a 
view  to  maintaining  the  depths  by  the  scour  of  currents  would  require 
a  vast  expense  for  original  construction  of  works,  which  would  still 
afford  no  certainty  of  permanence  without  further  cost.  Such  a  method 
is,  therefore,  not  to  be  recommended. 

The  price  per  cubic  yard  in  the  estimate  submitted  by  Mr.  Blunt  for 
the  dredging  in  the  river  is  probably  larger  than  that  at  which  the  work 
may  be  let  by  contract  under  reasonably  large  appropriations.  The  price 
per  cubic  yard  for  dredging  in  the  river  will  generally  be  larger  than  for 
work  in  the  bay,  because  of  the  greater  distance  to  which  the  material 
must  be  towed  and  of  the  greater  average  depth  of  cutting  in  the  bay. 
Part  of  this  work  may  be  done  by  the  dredge  plant  owned  by  the  United 
States,  and  the  work  thus  accomplished  will  cost  much  less  than  the 
estimates. 
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I  have,  therefore,  reduced  the  estimates  of  cost  per  cabic  yard,  and 
JD  the  river  have  arranged  the  prices  somewhat  in  relation  to  distances 
from  the  bay. 

With  these  explanations  I  sabmit  the  following  estimate: 

FOH  RIVER  CHANNELS. 

[Dredging,  bcow  measorement.] 

DiTiBion  Af  745,000  enbio  yards,  at  22  cents $103,900 

Dhision  C,  180,000  onbic  yards,  at  20  cents 86,000 

Dirision  D,  15,000  oabic  yards,  at  20  cents 8,000 

Dtrision  £,  116.000  cnbio  yards,  at  20  cents 23, ''00 

Dirision  F,  96,000  cubic  yards,  at  18  cents 17,280 

Dirision  G,  70,000  cnbio  yards,  at  18  cents 12,600 

Dirision  H,  290,000  cnbic  yards,  at  16  cents 46,400 

Contingencies  of  office,  engineering,  etc 29,620 

Total 332,000 

While  my  opinion  on  any  part  of  this  estimate  is  not  required,  yet  I 
feel  justified  in  inviting  attention  to  the  fact  that  the  channel  at  the 
extreme  upper  part  of  the  wharf  frontage,  indicated  as  Division  A,  is 
sot  a  thoroughfare  and  is  used  only  by  a  portion  of  the  vessels  which 
piss  most  of  the  dredge  channels  below.  A  much  smaller  width  would 
be  sufficient  for  all  necessities  of  the  present  or  immediate  future,  and 
ftD  expenditure  of  one-half  the  estimate  in  that  division  would  be  as 
mach  as  present  conditions  appear  to  .justify. 

This  would  reduce  the  estimate  for  first  cost  of  widening  and  deepen- 
ing river  channels  as  foUows: 

Dredging  rirer  cbannels « $220,450 

Contingent  expense  of  all  kinds 21,570 

Total  for  river  channels  as  modified 242,000 

For  dredging  straight  channel  in  Manmee  Bay,  4,970,000  cnbio  yards,  at  12^ 

cents 621,250 

Contingencies  of  all  kinds 61,750 

Total  straight  channel 683,000 

FOB  DIKE  BETWEEN  TUBN-OUT  OHANITBLS  IN  MIDDLE  OF  STBAiaHT 

CHANNEL. 

The  estimate  in  Mr.  Blunt's  report  will,  I  believe,  be  found  too  small. 
I  therefore  estimate  the  cost  to  be  the  same  as  that  of  a  pier  of  crib 
work  and  stone. 

1,000  linear  feet,  at  $80  per  foot $80, 000 

The  total  estimated  cost  for  obtaining  the  width  of  400  feet  and  a 
depth  of  21  feet  at  mean  level  throughout  the  channels  in  Maumee 
Biver  and  Bay  is  summarized  as  follows: 

For  river  channels $332,000 

For  channels  and  dike  in  bay 763,000 

Total 1,095,000 

If  the  part  of  channel  at  the  extreme  upper  end.  Division  A,  be  made 
iiUTOwer,  as  suggested,  the  estimate  will  be: 

For  river  channels $242,000 

For  bay  as  before 763,000 

Total 1,006,000 
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The  estimate  in  1887  for  a  straight  channel  in  Manmee  I)ay  200  fe# 
wide  and  17  feet  deep  at  mean  lake  level  was,  as  already  stated  in  thf  ^ 
report,  $1,875,000,  upon  the  basis  of  protecting  tiie  channel  by  dikes.  - 

Altboagh  the  work  was  practically  completed  in  1892,  and  has  sinoi 
been  widened  to  300  feet  in  oater  section,  extended  to  cover  two  8hoal| 
in  the  river,  and  has  been  maintained  five  years  with  the  depths  soma 
what  increased  as  a  factor  in  fntnre  maintenance,  the  nnappropiiated^ 
balance  of  the  original  estimate  is  $980,000.  It  will  be  seen  that  tb 
unappropriated  balance  of  the  estimate  made  ten  years  ago  for  a  chaDiiii 
zOO  feet  wide  and  17  feet  deep,  protected  on  the  sides  in  the  bay  onljj 
is  considerably  more  than  the  estimate  now  made  for  a  channel  of  mor^ 
than  twice  that  capacity  in  the  bay,  but  having  no  protections  on  th| 
sides.  Even  with  the  improvemeat  of  the  river  channels  added,  tM 
increase  of  former  estimate  is  very  small.  [ 

Mr.  Blunt  refers  to  the  additional  cost  for  each  year  of  delay  in  ooii| 
pleting  the  improvement,  and  estimates  the  amonnt  to  be  $23,000.   It- 
is  evident  that  the  cost  of  maintaining  the  depths  over  parts  previoastf- 
completed  will  be  inseparable  from  the  exx>ense  of  construction  nntu 
the  channel  has  been  once  completed,  when  all  further  work  wfll,  o(: 
course,  be  for  maintenance  only.    There  are  so  many  variable  and  nnde^ 
termined  elements  entering  inta  the  problem  of  maintenance  of  thi^ 
channel  depths,  both  before  and  after  the  full  dimensions  have  been' 
obtained,  that  it  is  qaite  impossible  to  obtain  a  solution  which  shall  be 
correct  beyond  question  or  possible  necessity  for  future  revision.   Mr,^ 
Blunt's  estimate  for  cost  of  maintenance  previous  to  completion  is  as 
nearly  correct  as  it  can  be  made  from  data  now  available. 

The  requirement  that  the  estimate  of  cost  shall  be  <^with  a  view  to 
obtaining  and  permanently  securing  a  channel"  of  the  dimensioDi 
given  adds  to  the  estimated  cost  of  construction  that  of  subseqaen^ 
maintenance. 

This  part  of  the  subject  has  already  been  discussed,  with  the  conclo- 
sion  that  permanent  dikes  over  so  great  a  distance  under  conditioD^ 
here  existing  are  not  practicable  as  a  matter  of  economy  or  certainty  of 
operation.  Maintenance  of  the  channels  by  dredging  was  estimated  no^ 
to  exceed  $150,000  in  five  years  after  completion  and  an  annual  cost  ot 
$20,000  thereafter,  provided  the  work  is  done  by  a  good  plant  belonging 
to  the  United  States. 

The  fill  from  sliding  in  of  banks  may  very  properly  be  provided  for  by 
a  slight  additional  width  in  advance,  and  perhaps  also  an  additional 
depth  in  the  outside  cuts,  thus  providing  for  part  of  the  fill  in  the  chan' 
nel  before  it  has  occurred. 

Should  this  improvement  be  made  to  the  channels  in  Manmee  Bsif 
and  Biver,  the  purchase  or  construction  of  an  additional  dredge,  tag, 
and  scows  specially  adapted  for  this  work  and  for  other  dredging  oa 
Lake  Erie  would  be  economical  and  advantageous  to  the  United  States. 
Such  a  plant  could  do  much  of  the  dredging  at  an  expense  which  would 
doubtless  save  more  than  its  cost,  and  would  leave  it  available  to  assist 
In  maintenance  and  for  service  at  various  other  harbors  in  this  district 
where  small  amounts  of  dredging  are  required  every  year.  At  these 
harbors  the  time  of  year,  location  of  work,  immediate  necessity,  and 
small  amount  are  such  that  it  is  generally  impossible  to  obtain  the 
necessary  relief  promptly  and  cheaply. 

The  location  of  Toledo  is  such  that  the  maintenance  of  good  channelfl 
is  of  much  importance.  In  1876  the  registered  tonnage  of  vessels 
entering  and  departing  at  Toledo  Harbor  was  860,359  tons.  In  1886, 
after  a  period  of  ten  years,  the  registered  tonnage  was  846,792  tons. 


Toledo,  Ohio,  Noremher  29,  1897, 

n  accordance  with  your  orders  of  Jaue  15,  1897,  I  have  the  boiior  to  submit 
1  a  report  of  **  survey  and  estimate  of  cost  of  deepening  and  widening  the 
channel  in  Maamee  River  and  Ba^,  with  a  view  to  obtaining  and  perma- 
scnring  a  channel  of  a  uniform  witlth  of  400  feet  and  20  feet  deep  at  low 
be  cost  of  said  survey  to  be  paid  out  of  money  already  appropriated  for  the 
ment  of  said  channel,''  as  called  for  in  sundry  civil  act  of  June  4,  1897. 
appropriation  was  made  for  the  work,  it  was  necessary  to  use  the  regular 
making  the  surveys  at  such  times  as  could  be  spared  from  the  routine  and 
cy  work  always  on  hand.  Work  was  begun  July  24  and  concluded  as  far  as 
bie  October  26.  During  this  period  about  21,000  soundings  were  taken. 
ter  division  of  straight  channel  soundings  were  carried  900  feet  on  each  side 
lo  that  if  any  protection  works  should  be  needed  the  depths  will  be  at  hand, 
s  remainder  of  channel  the  lines  were  carried  400  feet  each  side  of  axis. 
T  mouth  at  entrance  to  straight  channel  was  covered  completely,  as  was  the 
finished  portion  of  lower  crossing  in  the  river.  The  site  of  the  old  Union 
nst  below  the  Lake  Shore  and  Michigan  Southern  Railroad  Bridge,  was  care- 
tnded  to  determine  the  amount  of  obstruction  remaining  there.  Over  the 
er  of  the  river  time  did  not  allow  of  resounding,  but  the  changes  since  the 
9  survey  of  1892  have  been  slight.  This  survey  extended  only  as  far  up  as 
»  Shore  Bridge,  so  that  above  that  bridge  it  is  necessary  to  use  the  sound- 
en  by  the  city  engineer  of  Toledo  some  years  since,  which  appear  to  have 
efnlly  taken  and  located. 

'ording  of  the  act  calling  for  this  estimate  names  20  feet  depth  at  low 
AU  published  charts  and  all  harbor  work  in  this  district  are  based  on  the 
rel  of  Lake  Erie  for  the  years  1860  to  1875,  inclusive.  This  level  is  the  mean 
vels,  summer  and  winter,  during  those  years,  and  is  practically  identical 
5  mean  level  from  1860  to  1895.  The  term  ''low  water 'Ms  so  exceedingly 
^  when  applied  to  Lake  Erie  that  it  is  difficult  to  determine  its  meaning, 
direction,  nowever,  it  is  assumed  to  be  1  foot  below  the  mean  level  men- 
bove,  and  the  estimate  is  therefore  based  on  a  depth  of  21  feet  at  mean  level, 
aining  ''mean  level"  as  a  basis  for  all  figures  given. 

DIVISION  AND  DBSCRIPTION.  | 

stimate  is  divided  into  "portions,"  beginning  at  the  Schenck  coal  wharf 

[;ered  rx>nsecutively  out  to  the  lake.    The  conditions  holding  in  each  and 

ion  of  proposed  work  are  as  follows: 

It  A, — Extends  from  Schenck  coal  wharf  to  Fassett  Street  Bridge,  5,900  feet. 

9,  bank  to  bahk,  at  upper  end,  2,400  feet;  at  lower  end,  700  feet,  with  estab- 

larbor  lines  near  shores.    Through  wider  part,  and  to  within  50O  feet  of  the 

extends  a  middle  ground,  with  water  4  to  5  feet  deep  and  a  narrow  natural 

of  probably  10  to  12  feet  depth  originally  along  each  shore. 

^ht  bank,  the  only  commercial  'wharf  is  that  of  the  Cincinnati,  Hamilton 

rton  Railroad  elevator,  about  500  feet  above  the  bridge.    On  left  bank  lum-  |  i 

I.  and  elevator  wharves  are  built,  the  Schenck  coal  wharf  beinir  the  upper-  I  I 
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good  21-foot  channel  exists  tbronghoat  from  300  to  500  feet  wide,  with  mxao^^ 
depths  of  21  to  27  feet. 

The  proposed  channel  is  parallel  to  harbor  lines  and  to  a  line  connecting  tbeen^H 
of  drawn iers  of  the  two  bridges.  Dredging  will  be  all  on  right  bank  of  obaoD^^ 
and  small  in  amount. 

Portion  C— Extends  from  Lake  Shore  and  Michigan  Southern  Railroad  Bridge  ^ 
Cherry  Street  Bridge,  7,700  feet;  width  of  river,  700  to  900  feet.  Natural  2Uo9] 
depth  carries  from  Lake  Shore  nml  Michigan  Southern  Railroad  Bridge  to  3,000  fee^ 
below  it  for  a  width  of  over  400  feet,  with  maximum  depths  of  21  to  25  feet.  TwABtf' 
one  feet  is  again  found  at  Cherry  Street  Bridge,  bat  not  for  full  width.  The  inter' 
mediate  distance  has  been  recently  dredged  by  the  United  States  to  about  19  feet« 
400  feet  wide. 

About  1,000  feet  below  Lake  Shore  and  Michigan  Southern  Bridge,  where  the  old 
Union  Bridge  stood,  there  remain  portions  of  the  old  piers  in  deep  water.  On  them 
is  now  found  but  16  to  18  feet  of  water,  and  they  are  in  such  shape  that  an  acconta 
estimate  is  not  practicable.  I  have  therefore  assumed  that  the  removal  will  eost 
$1,000. 

To  conform  more  nearly  to  the  new  harbor  lines  established  since  dredging,  I 
recommend  changing  the  location  of  the  augle  in  dredged  channel  so  that  it  aball 
be  at  Jefi'erson  street  instead  of  at  Monroe  street.    Material  is  sand  and  mud  entinly. 

Portion  Z>.— Extends  from  Cherry  Street  Bridge  to  Pennsylvania  Railroad  Bridge, 
1,800  feet ;  width  between  harbor  lines,  900  feet.  A  good  natural  21-foot  channel  now 
exists,  with  maximum  depths  of  21  to  26  feet,  but  it  will  require  widening  on  the 
right  bank.  Edge  of  proposed  channel,  50  feet  from  harbor  line  on  left  bank.  Mate- 
rial, sand  and  mud. 

Portion  E, — Extends  from  Pennsylvania  Railroad  Bridge  to  south  line  of  Ash  street, 
4,700  feet.  Banks  1,700  to  2,000  feet  apart.  Natural  channel  follows  the  wharreB  on 
left  bank.  Twenty-one  feet  depth  carries  from  bridge,  where  it  is  400  feet  wide,  to 
about  1,800  feet  below,  with  maximum  depths  of  21  to  28  feet.  For  the  remainder 
of  the  distance  depths  are  now  18  to  20  feet. 

The  proposed  channel  is  parallel  to  harbor  line  on  left  bank  and  50  feet  therefrom. 
Material  is  sand  and  mud,  and  dredging  will  consist  of  widening  and  deepening. 

Portion  F. — Extends  from  south  line  of  Ash  street  to  the  south  line  of  large  wharf 
at  Craig  shipyards,  3,000  feet;  width  about  2,000  feet,  bank  to  bank.  This  portion 
covers  a  crossing  of  the  river  by  the  natural  channel  rrom  left  bank  to  right  bank. 
It  has  always  been  shoal,  with  flats  on  each  side;  has  recently  been  dredged  by 
United  Stat«s,  and  now  has  an  average  depth  of  19.3  feet  400  feet  wide. 

Lines  of  channel  will  be  in  direct  continuation  of  those  in  Portion  E,  and  will 
change  direction  at  Junction  with  Portion  O,  edges  bein^  50  feet  from  harbor  line  at 
each  end  of  portion.  Material,  sand  and  mud.  Dredging  will  consist  entirely  of 
deepening. 

Portion  G. — Extends  from  Craig  shipyard  to  Wheeling  and  Lake  Erie  Sailn>ad 
Bridge,  8,700  feet;  width  about  2,600  feet  between  banks.  A  good  20-foot  natarsl 
channel  follows  right  bank,  with  maximum  depths  of  20  to  ^  feet  for  nearly  ^be 
whole  length,  but  narrower  than  400  feet,  and  only  a  small  part  being^  21  feet  Pro* 
posed  channel  centers  on  railroad  bridge  draw.  Dredging  will  consist  principsl^X 
in  widening. 

Portion  ^T.— Extends  f^om  Wheeling  and  Lake  Erie  Railroad  Bridge  tostrsigb* 
channel  entrance  at  end  of  section  15,  inner  division,  9,700  feet.  A  good  natnrsl  21- 
foot  channel  now  exists  for  6,000  feet  below  bridge,  though  quite  narrow  in  pl*^ 
with  maximum  depths  of  21  to  29  feet.  This  channel  is  now  on  a  slightly  roTersed 
curve,  bending  westward  around  Grassy  Point  toward  the  old  channel  in  Msomeo 

Proposed  new  channel  is  straight  fh>m  the  bridge  to  the  Ironville  wharf  (nortn 
line  of  Michigan  street),  with  its  easterly  edge  150  feet  from  harbor  line  on  right 
bank,  thence  straisht  and  parallel  to  the  present  limit  of  bell  mouth  dredgiuf,  \^ 
feet  therefrom  until  it  enters  the  straight  channel.  On  the  left  bank  it  outs  decid- 
edly into  the  Grassy  Point  Flats,  so  as  to  correct  to  a  large  extent  the  tendency 
toward  the  old  channel  and  lessen  the  change  of  course  from  river  to  straight  chaO' 
nel.    Material  is  sand  and  mud,  with  some  clay  underneath  in  places. 

Portion  I. — This  covers  the  inner  division  of  straight  channel,  12,000  feet  long 
divided  into  15  sections  of  800  feet  each.  Channel  is  now  dredged  200  feet  wide  a1 
bottom  and  has  an  average  depth  of  about  17f  feet,  with  bank  depths  of  5  to  8  feet 

Dredging  will  consist  of  deepening  the  present  width  and  of  widening  100  feet  oi 
each  side.  Material  is  clay  at  inner  end,  with  sand  and  mud  on  top,  while  beyon< 
the  vicinity  of  Presque  Isle  it  is  largely  sand,  mud,  and  gravel,  with  clay  undemeatli 

Portion  J, — This  covers  the  middje  division  of  straight  channel,  11,640  feet  lonfl 
divided  into  sections  of  800  feet  each,  with  a  part  or  a  section  at  inner  end.  1 
extends  from  the  outer  end  of  Portion  I  to  the  main  crib  light.  Channel  is  no^ 
dredged  200  feet  wide  at  bottom,  and  has  an  average  depth  of  about  17i  feel»  wit 
bank  depths  of  8  to  11  feet. 
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Dredging  vlll  consist  of  deepening  the  present  width  and  of  wtdeniug  100  feet  on 
«aol>  aide.  Material  is  sand  andmnn,  with  some  elay  aoderljing.  For  the  iMt  1,000 
IqeC  the  widening  will  gradnollj  reduce  to  nothing,  aa  the  "tum-onl"  uronnd  eriba 
Fill  not  be  wiiieueil. 

Portion  E.~-T]x'ib  covers  tbo  outer  division  of  straight  cbanDel,  20,800  feet  long, 
ii\  ided  into  26  sections  of  800  feet  eaoh.  Tbe  first  2,000  foet  at  this  division  com- 
jirisca  a  double  "turn-out"  around  cribs,  400  feet  wide  in  tbe  agcrefiate,  and  will 
'lat  be  widened.  For  remainder  of  division  tbe  chunnel  is  now  300  feel  wide  at  bot- 
lom,  »od  has  an  avBrage  depth  of  17|  feet,  with  baut  depths  of  7  to  11  feet  for  half 
\le  length,  tbeiice  gradually  deepening  to  the  lake. 

I  >recrging  wiil  oonsmt  of  deepening  the  present  width  and  of  widening  50  feet  on 

iich  aide  eicept  on  tbe  2,000  feet  of  "turn-out,"  where  the  widening  will  (gradually 

mince  to  nothing.    Overlying  material  is  sand  and  silt,  and  the  clay  substratrim 

dopes  gradually  from  a  depth  of  11.3  feet  at  cribs  to  IT  feet  depth,  1,700  feet  ontside 

'  ofcriba. 

Forlion  L. — Iiland  at  cribi. — Tbe  two  crib  lights,  so  called,  are  located  on  the  axis 
^r  the  straight  chaunel,  near  the  middle  of  ite  length,  and  are  about  1,000 feet  ap:irt. 
1  keeper's  dwelling  and  one  light  are  on  tbe  mam  or  inner  orib  and  a  second  liglit 
n  tbe  outer  crib.  To  reach  this  outer  orib  the  keeper  is  obliged  to  cover  tbo  clU- 
lince  in  a  small  boat,  a  trip  often  perilons  and  at  times  impossible.  In  passing 
unnnd  these  lights  the  two  tum-ont  channels  are  separated  by  a  distance  of  abont 
W  feet,  i^ome  years  ago  a  skeleton  structure  of  piles  was  bnilt  SO  feet  wide  extend- 
a^  from  crib  to  crib,  but  the  original  plan  of  making  this  an  island  was  never  ear- 
ned out.  At  )<rBKent  tbe  piling  is  utterly  wroclced,  except  arouud  the  cribs  them- 
•tlves,  where  il  is  in  good  coudition.  Twice  has  the  attempt  been  miide  to  throw 
ner  niBteriul  from  tbe  adlacont  dredging  without  protvotion, and  failure  has  resulted 
a  each  case,  the  material  rapidly  wafihing  ftway.  1  have  now  made  estimate  for  a 
Hone  protection  and  for  iilling  the  entire  area  to  a  height  of  8  feet  above  mean  level. 

KXPLAHATIOM  AND   BBTIMATB. 

All  ants  are  estimated  to  a  depth  of  21  feet  at  mean  level,  for  reason  given  early  in 
tiia  report.     Side  slopes  are  estimated  at  1  on  1,  or  45°. 

In  table  below  in  a  brief  description  of  each  portion.  The  Srsl  column  shows  the 
nlimnted  neut  quantity  of  material  to  be  removed  as  it  lies  in  place,  with  no  alluiiT- 
ui'e  for  extra  depths,  always  necessary  to  obtain  the  minimnm  required,  nor  fur 
cii'ssa  of  measurement  after  placing  in  scows. 

Tbe  second  column  shows  the  (quantity  after  adding  20  per  cent  to  the  neat  estimate. 
Ibelieve  this  will  cover  all  contlngencios  of  tbe  character  mentioned. 

Tbe  third  column  shows  price  per  yard,  scow  measurement,  which  I  consider  us 
be  highest  reasonable  cost.  I  have  averaged  tbe  entire  river  work  at  25  cents  and 
iKe  bay  work  at  12j  cents.     I  believe  tbifse  prices  may  be  reduced  'JO  per  cunt  »□ 

impetitive  bids;  possibly  more,  should  the  work  be  let  on  the  con  tinaoos- con  tract 


fl»n. 
The  foarth  column  shows  ci 


u  dollnrB  on  the  basis  of  preceding  columns. 
Ettimait  of  gnaniitiet  and  cost. 
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ISLAND  AT  CRIBS. 
[PorUoD  L.] 

15,400  tons  pier  Btona,  at  W-SH »20,SS: 

9,SO0  toni  Tiprap  Btone,  at  76  cents 7,13 

KebandlliiK  40,000  Tarda  of  flllinK,  at  20  oeiita 8,001 

Grading J« 

3i,W 

Office  and  engineoriDg  oontlDgoDciea,  10  percent i,l^ 

Total  eetimated  cost 33,^ 

The  above  estimate  covers  the  first  cost  of  tho  work  under  conditioHB  preTsilinf;*' 
present.  In  portions  of  the  channels  vhere  natnrnl  conditions  preTftit  tbere  ia  «( 
indication  of  shoaling  water  from  year  U>  year,  bnt  where  these  conditions  baTc  Iimd 
changed  by  dredging  the  tendency  is  more  or  less  marked  toward  m  reeatalilisbmail 
of  the  original  conditions.  I  beg  leave  to  refer  to  ay  report  of  Jnne  30,  1897, in 
regard  to  the  annnal  deiiosits  found  to  take  place  in  ute  dredged  channels,  and  V> 
dednco  therefrom  the  probnbility  that  in  snch  channels  we  may  look  for  an  aTsng* 
aDDDal  deposit  of  one-third  of  a  foot  in  the  bay  ohannels  and  one-qnarter  of  alHl 
in  the  river  chnnnels  after  they  have  been  onoe  dredged. 

Upon  this  basis  the  original  estimate  will  be  increaaed  hy  each  year's  deUf  ■* 
follows : 

Portion  C,  16,000  yards,  at  25  cents WWJ 

Portion  F,  11,000  yards,  at  25  cents a,1M 

Portion  I,  30,000  yards,  at  13i  oouta 3,W 

Portion  J,  30,000  yards,  at  12t  cento S,W 

Portion  K,  70,000  yards,  at  laicenta 8,1» 

Total aOW 

Upon  theaame  haals  the  annual  cost  of  maintenance  after  once  being  dredged  ill 
be— 

Portion  A,  20,400  yards,  at  25  cenU «5tl» 

Portion  8,401  ^,iri1s,at25cents JJJ 

Portion  C,  Ifr"    vards,  at26  centa IjJJ* 

Portion  D,  1,^ hj  \  irda,  at25centa *»* 

Portion  E,  I!. i  ards,  at  25  cents ij" 

Portion  F,  11, j  ards,  at  25  cents 3,i^ 

Portion  Q.  13.800  yards,  at  25  cents S,**" 

Portion  H   IT    '"iyards,Bt26oenta *.»J 

Portion  I,  :.<■  J'   ■  yards,  at  13t  oenta 7,*2 

Portion  .1,  f-;-,!!*!  varda,  at  12^  cents 7,1" 

Porlioo  K,  1(12, 100  yards,  at  12i  Dents Ui" 

Total Si,tS' 

Commenlt. — I  wish  speclwll^  to  note  the  possibility  that  the  conditions  may*tt>*^ 
bids  from  owners  of  hydraolic  dredges, especiiilly  in  the  river,  wliere  themateriw^ 

entirely  adapted  to  tliat  process  ond  wbere  f-* *'"  — 

causing  shore  owners  to  study  the  advlsabili 
future.  There  is  no  question  that  if  the  flllii 
pipe  outlets  onto  the  flats  without  expense  b 


tirely  adapted  to  that  process  ond  wbere  the  recently  established  harbor  lin*  **^ 
causing  shore  owners  to  study  the  advisability  of  building  to  these  lines  In  tbc  x*^ 
future.  There  is  no  question  that  if  the  filling  oan  be  obtained  by  pninping  thTon^' 
pipe  outlets  onto  the  flats  without  expense  to  the  owners  many  of  them  would  bu'' 
the  necessary  balkheads  to  retain  It.  Should  this  be  the  case,  the  cost  of  tba  n*'* 
dredging  might  be  reduced  SO  per  cent.  , 

The  limits  of  extension  op  the  Maamee  River  are  left  Indefinite  in  the  call  f'"'*;^ 
mate.  While  In  the  past  the  United  Btates  has  done  some  work  on  the  rivi'  '* 
above  the  limits  of  Toledo  wharves,  it  has  in  recent  yean  of  increasing  size  of  T|^ 
aels  never  gone  above  the  Lake  Shore  and  Michigan  Soathem  liallroad  bridge.  ^^ 
river  above  Toledo  is  never  need  by  modem  boats.  The  portion  within  the  limit*" 
Toledo  covered  under  heading  A  in  estimate  is  qsed  qnite  extensively,  but  ab"'^ 
entirely  by  medium-sized  boats,  for  which  the  width  and  depth  named  in  tbeacl*^ 
not  reqnired.  I  should  Judge  tnat  above  Faasett  Street  bridge  a  cut  100  feet '^!r, 
and  21  feet  deep  will  be  ample  for  some  years,  and  may  be  enluged  later  as  jnat>f*^ 
by  oommeroe,  j, 

Along  some  portions  of  the  natnral  obannel  the  eetimate  corera  small  amanatf  !| 
he  removed  from  one  edge  or  the  other  in  order  to  obtain  the  octnal  400  ftet  ***  j. 
Some  of  these  oan  aa  well  remain  nntonched,  but,  as  they  are  small  in  oempariM*' 
the  total,  little  will  be  gained.  -, 

The  largo  maps  of  soundinga  in  detail  have  not  been  folly  completed.    The?  *^ 


2 


\ 


,*r 


f-      T 


*.■■'■.• 
» 


fAhiU 


^        UlMl 


/^ 


ii^»R^£St^>R>  swc^'sA)  ^j^ji^^^^  %^^U«CL 


i 


APPENDIX  M  M — ^REPORT   OF   COLONEL   SMITH.  2705 

«8sary  to  the  intelligent  consideration  of  the  subject,  and  will  be  placed  on 
K>on  as  possible. 

res  me  pleasure  to  record  my  appreciation  of  the  energy  and  f^ood  judgment 
ed  by  Captain  Stevenson,  master  of  steamer  Swanaea,  m  obtaining  the  large 
r  of  sonndings  in  the  miast  of  other  work.  It  is  only  by  taking  mil  advan- 
'  all  £avorable  conditions  of  weather,  early  and  late,  that  such  results  can  be 
sd  with  a  crew  whose  time  would  really  be  fully  occupied  without  the  extra 

^ery  respectfully,  Wm.  T.  Blunt, 

United  States  Aasistant  Engineer, 
Jarbi>  a.  Smith, 
ycrpe  of£ngineer$,  U,  S.  A, 


M  M   15. 

EY  OP  STARVE  ISLAND  REEF,  NEAR  SOUTH  BASS  ISLAND,  IN  LAKE 
E,  OHIO,  WITH  A  VIEW  TO  OBTAINING  A  NAVIGABLE  CHANNEL 
SNTY-FIVE  FEET  IN  DEPTH  OVER  SAID  REEF. 

[Printed  in  House  Doc.  No.  103,  Fifty-fifth  Congresa,  second  seuion.] 
OFFIOB  OF  THE  CHIEF  OF  ENGINEERS, 

United  States  Army, 

Washington^  December  1, 1897. 

; :  I  have  the  honor  to  sabmit  the  accompanying  report  of  Septem- 
>,  1897,  with  map,  by  Col.  Jared  A.  Smith,  Corps  of  Engineers,  of 
«alts  of  a  sarvey  of  Starve  Island  Beef,  near  Soath  Bass  Island, 
ke  Erie,  with  a  view  to  obtaining  a  navigable  channd  25  feet  in 
I  over  said  reef. 

8  sarvey  was  made  to  comply  with  requirements  of  the  river  and 
)T  act  of  Jane  3, 1896,  and  from  the  data  secared  Colonel  Smith 
ates  the  cost  as  follows: 

moving  all  rock  above  grade  of  21  feet $258,800 

noviDg  all  roclc  above  grade  of  25  feet 761, 250 

[xansmitting  this  report  to  this  office  Colonel  Smith  remarks: 

lie  time  this  survey  was  required  by  Congress  in  the  act  of  June  3, 1896,  there 
lany  reasons  for  believing  that  the  removal  of  the  reef  wonld  be  attended  with 
pense  and  greater  benefits  than  are  now  estimated.  For  the  reasons  set  forth 
report,  I  do  not  consider  that  the  interests  of  commerce  involved  are  saffioient 
ify  the  expense,  and  it  is  therefore  my  opinion  that  the  proposed  improvement 
worthy  01  further  consideration. 

Very  respectfnlly,  year  obedient  servant, 

John  M.  Wilson, 
Brig,  Oen.y  Chief  of  Engineers, 

U.  8.  Army. 
a.  B.  A.  Algeb, 

Secretary  of  War. 


bsport  of  ooii.  jabed  a.  smith,  corps  of  engineers. 

United  States  Engineer  Office, 

Cleveland,  Ohio,  September  15, 1897. 

rsRAL:  I  have  the  honor  to  sabmit  the  following  report  apon  a 
J  of  ^'  Starve  Island  Beef,  Ohio,  near  Soath  Bass  Island,  in  Lake 
T^Q  98 ^170 
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Erie,  with  a  view  to  obtaining  a  navigable  channel  25  feet  in  depth 
over  said  reef 

This  survey  was  required  by  section  9  of  the  river  and  harbor  act  ol 
June  3,  1896,  and  by  letter  from  office  of  Chief  of  Engineers,  dated 
September  5,  1896,  which  allotted  for  the  purpose  the  sum  of  i50€ 
from  appropriation  for  ^^examinations,  surveys,  and  contingencies  oi 
rivers  and  harbors,"  all  of  which  has  been  expended. 

It  was  near  the  middle  of  October,  1896,  before  the  small  steamei 
employed  upon  river  and  harbor  work  in  this  district  could  be  spared 
for  the  purpose,  but,  when  once  commenced,  the  hydrographic  work  ai 
the  survey  was  laid  out  and  completed  in  t  wo  days — October  14  and  15< 
It  was,  however,  past  the  middle  of  March,  1897,  before  the  assistant 
engineer,  who  had  made  the  survey,  could  complete  the  original  map,  B 
tracing  of  which  is  forwarded  in  a  separate  roll  to  accompany  this  reporb. 

Mr.  William  T.  Blunt,  United  States  assistant  engineer,  to  whom  tbe 
duty  of  making  the  survey  was  assigned,  submitted  a  report  undec 
date  of  March  19,  1897,  which  is  appended  hereto,  and  to  which  I 
invite  attention  regarding  the  details  of  the  survey  and  to  his  remarka 
upon  the  policy  of  making  the  improvement. 

Upon  the  same  sheet  which  contains  the  chart  of  the  reef,  on  a  seals 
of  1 :1000,  is  a  tracing  of  a  part  of  Lake  Erie  Coast  Chart  ^o,  6,  to  show' 
the  location  of  the  reef  and  of  certain  rocks  discovered  by  examinations 
under  direction  of  this  office  in  the  summer  of  1896. 

The  buoy  upon  the  reef  is  nearly  2,000  feet  to  northeast  of  the  chart 
course  for  vessels  passing  between  the  south  shore  of  the  lake  and 
South  Bass  and  Kelley  islands.  The  reef  has  always  been  considered 
a  great  danger  to  vessels,  especially  in  thick  weather,  when  the  lights 
at  Marblehead  and  Green  Island  could  not  be  seen.  A  new  light- 
house has  recently  been  completed  and  a  light  shown  from  the  soath- 
east  point  of  South  Bass  Island,  which,  when  ranged  with  the  light  oo 
Green  Island,  forms  a  line  passing  southeast  of  the  reef  at  a  sufficient 
distance  to  avoid  danger.  A  large  element  of  danger  from  the  reef 
has  therefore  been  removed  by  the  new  light. 

In  July,  1896,  an  examination  in  the  area  bounded  by  Kelley  Ishmd^l 
Bass  Island,  Catawba  Island,  and  Marblehead  developed  the  fact  that: 
there  are  many  rocks  not  far  from  this  channel  where  the  mean  depth 
of  water  is  less  than  18  feet  at  points  not  shown  upon  the  charts.  Mr. 
Blunt  refers  to  this  fact  in  his  report,  and  very  properly  remarks  that^ 
^'while  these  unlocated  obstructions  remain  they  are  a  greater  menaoft 
to  navigation  than  is  this  reef,  which  is  well  located  and  marked." 

It  has  also  been  ascertained  that  if  this  reef  were  removed  to  a  depths 
of  25  feet  it  would  not  result  in  giving  a  clear  channel  of  that  deptii 
throughout,  because,  in  addition  to  the  rocks  before  mentioned,  there  ^ 
a  considerable  area  directly  in  the  course  of  vessels  where  the  depthf^ 
range  from  21  to  24  feet. 

It  is  therefore  apparent  that  the  removal  of  Starve  Island  Reef  to 
greater  depth  than  21  feet  would  not  result  in  any  great  benefit  nul 
taken  in  connection  with  a  general  clearing  away  of  rocks  and  inci 
of  depth  over  a  very  considerable  additional  area. 

Considering  the  character  of  the  reef,  which  is  a  hard  limestone  ba 
ing  very  irregular  surfaces  of  cleavage  when  blasted,  I  believe  that  t' 
price  of  $5  per  cubic  yard  will  hardly  cover  more  than  the  con 
price  of  removing  the  rock,  to  which  should  be  added  about  5  per  ceO 
for  contingent  expenses  of  office  and  engineering. 


Total 761,250 

De-half  the  estimated  coBt  of  removal  to  a  depth  of  21  feet  would 
ufficient  to  bnild  a  good  liglit  bouKU  upon  the  reef,  and  the  interest 
he  other  half  at  3  per  cent  wonld  probiibly  exceed  the  average 
ual  cost  of  maintaininfr  the  structnre  and  eshibiting  the  light 
h  a  light-honse,  if  built,  would  be  worth  more  to  navigation  than 
removal  of  the  reef.  Since  the  construction  of  the  light  station  on 
th  Bass  Island,  the  couBtmction  of  a  lighthoase  on  Starve  Island 
f  has  not  been  urged,  and  it  is  probable  that  the  present  need  would 
justify  the  great  expense. 

Very  respectfully,  your  obedient  servant, 

JABBD  a.  Shith, 
Colonel,  Corps  of  Engineer: 
rig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers,  U.  8.  A, 


ItKI>OBT  OF   HR.   WILLIAM   T.   BLUNT, 

ToLBDO,  Ohio,  March  19,  1S97. 
r:  I  have  tbe  honor  to  file  herewith  a  map  of  Starve  Island  Reef,  Lake  Erie, 
.  HUTey  made  in  October,  1896,  and  to  report  u  follone  upon  the  same : 
Mscordance  with  ^onr  orders  of  September  7,  1896,  tbe  earvey  waa  made  at  the 
opportnuity,  bnt  it  waa  October  14  before  time  could  be  spared  from  other  work 
.vorablo  weather.  By  hard  work  the  survey  waa  completed  on  the  14th  aod  15th 
lont  eerions  interference  itota  wiede,  which  were  very  heavy  both  before  and 
'  tboBe  daya. 

logeneralareaof  reef  waa  flratlaclosed  by  trial  aonudingioaa  to  properly  cover 
'  raDgee.  A  baae  range  wasaeleeted,  using  well-detinedehore  marks,  soanding 
>  were  laid  ont  at  right  angles  to  it,  aod  location  ranges  parallel  to  it,  all  by 
ful  mexsnrementa  with  wire  line.  Sounding  liuea  were  25  feet  apart  and  ranges 
et  apart,  marked  by  bnoys  floated  to  stand  plumb.  Sonndings  were  taken  firom 
all  boat  with  a  rod  marked  to  tenths  of  a  foot,  the  boat  being  rowed  along  a 
and  sonndings  taken  aa  fast  as  a  man  could  handle  the  rod.  Usaally  they  aro 
it  10  feet  apul  ulong  the  line,  and  being  located  at  the  crostiing  of  each  range, 
error  in  location  of  any  sonnding  is  exceedingly  ema]!.  Upward  of  2,500 
dings  wi-re  taken,  and  are  shown  on  map  redncM  to  mean  level  of  Lake  Erie, 
-1876,  and  contoared  at  each  foot  of  depth.     General  location  with  reference  to 
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obart  coarse  clears  this  bnoy  1,700  feet,  and  a  vessel  can  not  deviate  ereatly  t 
north  or  sonth  of  this  coarse  without  passing  into  dangerous  water.  The  least  c 
immediately  north  of  the  bnoy  is  13i  feet  and  the  shoalest  part  of  the  entire  rt 
250  feet  northerly  from  the  baoy,  with  a  depth  of  10  feet.  The  material  seems 
solid  limestone  rock  of  irregular  surface,  and  covered  with  sand  around  the  ed{ 
about  22  feet  depth. 

On  account  of  the  nature  and  looation  of  the  reef  its  removal  will  be  quite  e: 
sive.  The  lowest  price  at  Lime  Kiln  Crossing  was  $4.43  per  cubic  >ard  in 
While  that  location  had  the  disadvantage  of  strong  current  and  continual  pa 
of  boats,  these  would  be  more  than  counterbalanced  by  the  disadvantages  h 
exposed  location,  longer  tow  for  dumping,  deeper  digging,  and  very  large  ext< 
sboal  cutting.  I  believe  a  fair  estimate  of  cost  by  contract  would  be  $5  per  yi 
situ. 

The  following  table  shows  the  amount  of  material  above  the  various  dc 
those  outside  the  limits  of  survey  being  estimated,  and  I  believe  below  the  a 
amounts,  and  the  cost  of  removal  to  the  various  depths  at  $5  per  yard: 


LimJit  of  are*. 


20-foot  curve 

21-fool  oorve 

22-foot  eorre 

23-foot  onrre  (partly  eBtimated) 

a4-foot  oorre  (eatimated) 

26-foot  eorvtt  (estimated) 


Area. 


Sq.feet, 
275,000 
876,000 
471,000 
640,000 
890.000 

1,280,000 


Aver- 
ase 
cut. 


FeH, 
2.97 
8.64 
3.71 
8.60 
8.40 
8.18 


Cnbie 

Tarda  in 

aitu. 


30,200 
40,200 
64,800 
65,400 
112,000 
145,000 


Haxi- 
mttni 

oat. 


10 
11 
12 
18 
14 
16 


i 
I 

4 
I 

1 


In  considering  the  auestion  of  the  removal  of  this  reef,  it  is  well  to  remc 
that  investigations  of  last  season,  even  though  far  from  complete^  developed  i 
rocks  with  less  than  18  feet  over  them  in  cloae  proximity  to  this  south  chi 
where  the  Lake  Survey  Chart  shows  clear  bottom  with  3^  to  6  fathoms.  This  J 
at  all  surprising,  since  that  survey  was  made  only  for  general  depths.  Many  of 
rocks  are  detached,  isolated  bowlders  on  an  otherwise  perfectly  clear  sand  bo 
and  it  can  not  be  expected  they  will  be  found  except  by  air  exhaustive  aweepi 
the  whole  area. 

While  these  unlocated  obstructions  remain  they  are  a  greater  menace  to  ni 
tion  than  is  this  reef,  which  is  well  located  and  marked;  and  their  locatioi 
removal  would  seem  to  be  of  large  benefit  to  navigation  and  at  comparatively  i 
cost.  I  beg  to  suggest,  therefore,  that  it  is  inadvisable  to  entirely  remove  thi( 
until  a  systematic  scheme  for  the  clearing  of  the  entire  passage  is  entered  upon 
a  rigid  and  extensive  examination ;  and  until  it  shall  be  advisable  to  remove  tht 
to  tne  full  depth  recently  adopted  for  main  channels — i.  e.,  20  and  21  feet — it  f 
not  be  advantageous  to  remove  it  to  a  less  depth,  with  the  possibility  of  going 
the  same  area  again  at  some  future  time. 

As  soon  as  the  light-house  on  the  southwest  point  of  South  Bass  Island  is 
pleted  the  clearance  of  this  reef  wiU  be  well  marked  by  the  range  of  the  new 
and  that  on  Green  Island. 

Very  respectfully,  Wm.  T.  Bldnt, 

United  Statm  A$9i»taiU  Enfitu 

Col.  Jarsd  a.  Smith, 

Corp$  of  Engineeri,  U.  8,  A, 


M  M  i6. 


SURVEY  OF  BAR  AT  THE  MOUTH  OF  SANDUSKY  HARBOR,  OHIO. 
[Printed  in  Hoaae  Doc.  No.  862,  Fifty-fifth  Congreaa,  aecond  aeaaf on.] 

Office  of  the  Chief  of  Enoineers, 

United  States  Army, 

Washingtonj  March  17 j  IS^ 

Sir:  I  have  the  honor  to  submit  the  acoompaDyiDg  copy  of  repoi 
February  28, 1898,  with  maps,  by  Col.  Jared  A.  Smitii,  Corps  of  B 
neers,  giving  the  results  of  a  survey  of  the  bar  at  the  month  of  ^ 
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Harbor,  together  with  estimate  of  cost  of  improyement,  with  a 
o  securing  and  maintaining  a  permanent  navigable  channel  of 
dnt  depth  next  to  Cedar  Point,  made  to  comply  with  requirements 
river  and  harbor  act  of  Jane  3, 1896. 

\  locality  is  now  being  improved  by  the  General  Government 
a  project  which  provides  for  the  construction  of  a  jetty  from 
Point  into  the  lake  with  a  view  to  extending  the  Deep  Hole  chan- 
the  same  direction,  the  construction  of  a  detached  dike  or  break- 
to  prevent  encroachments  on  the  channel  by  shifting  sand  from 
»tward,  and  certain  dredging. 

»nel  Smith  states  that  the  forces  of  the  currents  in  Sandusky 
T  are  ample  to  excavate  and  maintain  a  wide  and  deep  channel 
ly  over  the  bar,  provided  they  are  properly  directed,  and  the  project 
resented  by  him  has  for  its  object  the  widening  and  deepening  of 
annel  by  properly  directing  the  current  and  by  the  arrest  of  sand 
lent.  This,  in  his  opinion,  can  be  accomplished  by  extending  the 
it  jetty  at  Cedar  Point  as  far  as  may  be  necessary  to  hold  the  out- 
iind  eastward  currents  until  their  scour  has  made  a  channel  at 
to  feet  deep  entirely  across  the  bar;  by  construction  of  a  ^^sill" 
am  along  the  top  of  the  bar  from  the  light-house  across  the 
on  Track"  to  Sand  Point,  and  supplemented  there  by  three  small 
;  by  construction  of  a  dike,  approximately  5,550  feet  long,  par- 
)  and  725  feet  from  the  jetty;  by  protection  of  the  slope  of  the 
»uth  of  the  light-house  with  brush  mattresses,  and  by  the  con- 
ion  of  a  dike  1,500  feet  long  at  the  outer  end  of  the  straight  chan- 
id  a  small  spur  on  Cedar  Point. 

improvements  contemplated  are  in  the  nature  of  extensions  to 
isting  project  now  in  course  of  execution.  The  cost  of  complet- 
e  existing  project  is  estimated  to  be  $185,000,  and  Colonel  Smith 
Ltes  the  cost  of  the  extensions  now  proposed  to  be  $240,796.  Total 
kted  cost,  $425,796. 
Very  respectfi^Uy,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen,y  Chief  of  Engineers^ 

If.  8.  Army. 
\.  B.  A.  Alger, 

Beoretary  of  War. 


kepobt  of  ool.  jared  a.  smith,  oorps  of  engineers. 

United  States  Engineer  Office, 

Olevelandj  OhiOy  February  28^  1898. 

rsBAL:  I  have  the  honor  to  submit  the  following  report  of  a  sur- 
'  the  bar  at  the  mouth  of  Sandusky  Bay,  Ohio,  and  an  estimate 
cost  of  improvement,  with  a  view  to  securing  and  maintaining  a 
neut  navigable  channel  of  sufficient  depth  next  to  Cedar  Point, 
uired  in  section  1  of  the  river  and  harbor  act  of  June  3, 1896. 
project,  dated  June  20, 1896,  for  expenditure  of  the  amount  appro- 
d  by  the  act  above  mentioned  for  improving  the  harbor  of  San- 
,  Ohio,  included  this  statement:  '^The  survey  of  the  bar  at  the 
.  of  the  harbor  can  be  made  in  connection  with  examination  of 
els,  and  its  cost  will  be  covered  in  the  amount  estimated  for  con- 
t  expenses."  This  project  was  approved  by  the  Secretary  of  War 
,  1896. 


[J 


n 
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As  the  fieldwork  of  the  survey  was  to  be  carried  on  in  connection 
with  the  prosecation  of  the  improvements  under  the  appropriation,  no  ' 
special  surveying  party  was  employed  for  the  purpose,  and  the  time  1 
for  making  such  surveys  as  were  specially  required  for  completion  of  ^ 
maps  covering  the  entire  outer  bar  and  channel  was  taken  whenever  it  jr 
would  least  interfere  with  other  works  in  progress. 

A  hydrographic  survey  covering  the  entire  bar  across  the  mouth  of 
the  bay  was  made  by  Mr.  William  T.  Blunt,  United  States  assistant 
engineer,  in  October  and  November,  1896,  the  actual  fieldwork  cover- 
ing a  period  of  nineteen  days.  This  survey  was  supplemented  by  further 
hydrographic  examinations  of  the  channel  over  the  bar  in  May  and  in 
November,  1897.  h 

The  notes  of  the  surveys  were  subsequently  platted  upon  a  large  ^ 
chart,  scale  1-4000,  and  a  report,  with  the  map,  was  submitted  to  me  by 
Mr.  Blunt  under  date  of  January  25, 1898.    A  copy  of  Mr.  Blunt's  report 
is  appended  hereto. 

The  large  map  is  unsuitable  to  accompany  this  report,  and  wbile  L 
better  for  studies  of  conditions,  plans,  and  estimates,  does  not  afford  as  |r 
comprehensive  a  view  of  the  situation  as  smaller  maps  which  will  at  a 
glance  show  some  of  the  changes  which  have  occurred  upon  the  bar.  I 
have  therefore  had  two  tracings  made  of  charts  compiled  from  the  large 
map  of  Mr.  Blunt's  survey  and  others  at  earlier  dates,  and  these  tracings, 
marked  sheet  No.  1  and  sheet  No.  2,  are  forwarded  in  a  separate  roll  to 
accompany  and  explain  this  report. 

Sheet  No.  1  is  from  maps  of  surveys  made  in  1826  and  1844. 

Sheet  No.  2  is  from  surveys  made  in  1872, 1806,  and  1897. 

The  river  and  harbor  act  approved  May  20,  1826,  appropriated  "fonr 
hundred  dollars  for  making  a  survey  of  Sandusky  Bay,  to  ascertain  the 
expediency  and  expense  of  constructing  piers,  to  improve  the  naviga- 
tion thereof,  and  of  placing  buoys  therein." 

Under  this  requirement  of  Congress  a  survey  was  made  by  Lieat 
Campbell  Graham,  of  the  Third  Artillery,  United  States  Army.  An- 
other hydrographic  survey  was  made  by  Captain  Canfield,  of  the  Corps 
of  Topographical  Engineers,  in  June,  1844. 

The  results  of  these  surveys  are  compiled  on  a  chart,  of  which  sheet 
No.  1  contains  all  the  essential  features.  Some  of  the  soundings  taken 
in  1844  are  platted  in  small  circles  on  the  tracing;  the  shore  line  of  a 
breach  through  the  long  peninsula  point  is  indicated  in  broken  lines. 

Soundings  from  these  two  surveys  indicate  considerable  variation  in 
the  condition  of  the  bar  and  channel,  and  to  a  small  extent  show  that 
when  the  depths  over  the  bar  and  point  have  increased  the  deep  chan- 
nel or  ^'deep  hole"  near  Cedar  Point  has  been  made  smaller,  yet  tiie 
maps  are  not  sufficiently  complete  or  definite  in  locations  of  soundiDgs  ^ 
to  determine  these  points  with  any  degree  of  accuracy.  U 

In  1844  Peninsula  Point  had  become  an  island^  separated  from  the  ^, 
mainland  by  a  channel  about  1,500  feet  wide,  having  a  middle  depth  of 
6^  feet.    There  were  then  three  places  where,  in  heavy  gales,  the  seas 
broke  over  the  top  of  the  island  itself.    At  that  time  the  width  between 
contours  of  10  feet  in  the  channel  adjacent  to  Cedar  Point  was  650  ftet 
A  map  ft'om  a  survey  made  in  1892,  after  the  island  had  been  entirely  i^ 
washed  away,  although  the  point  had  partially  reformed  on  the  western 
half,  shows  the  section  through  which  water  could  flow  over  the  bar 
considerably  larger  than  in  1844,  and  the  width  between  contours  of  >. 
10  feet  depth  in  the  same  part  of  channel  as  before  to  be  but  530  feet,   ^ 
thus  indicating  to  a  marked  degree  that  the  increased  section  for  flow    ^ 
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over  the  bar  had  resulted  in  a  decrease  in  the  scouring  effect  of  currents 
in  the  channel  between  the  bar  and  Cedar  Point. 

The  earlier  maps  are  on  a  small  scale  and  are  necessarily  lacking  in 
matters  of  detail.  A  few  points  taken  from  later  surveys  will  perhaps 
give  a  better  illustration  of  the  general  principle  that  wherever  there  is 
a  flow  of  water  the  amount  of  its  effects  at  any  one  point  will  depend 
upon  its  concentration.  If  diffused  over  a  large  area  it  can  not  produce 
as  great  results  at  all  points  as  would  be  reached  at  one  place  if  con- 
centrated there.  It  is,  however,  also  true  that  the  resultant  effect  in 
the  sectional  area  of  any  one  part  of  a  channel  will  depend  upon  the 
directions  as  well  as  the  velocities  of  the  currents  concentrated.  At 
Cedar  Point  the  converging  currents  are  united  in  such  a  manner  that 
the  resultant-maximum  velocity  is  in  mid-channel  and  the  banks  on 
either  side  are  maintained  with  comparatively  little  reference  to  the 
central  velocitv  which  tends  to  produce  depth  rather  than  width.  The 
results  in  both  depth  and  width  are  again  modified  by  the  kind  of 
material  forming  the  bottom  and  banks. 

While  it  has  not  seemed  necessary  to  make  borings  in  a  depth  of  40 
feet,  which  is  found  in  mid-channel  at  Cedar  Point,  the  constancy  of 
that  depth  and  the  nature  of  the  material  at  a  much  smaller  depth  in 
the  old  inner  channel,  one  of  those  radiating  from  that  point,  are  enough 
to  indicate  a  bottom  sufficiently  hard  to  withstand  the  action  of  all  ordi- 
nary currents.  The  banks  at  that  place  are  of  sand,  and  are  maintained 
urith  but  little  variation  through  the  action  of  the  currents  and  waves 
which  carry  the  sand  towarci  the  top  of  the  very  steep  slope.  It  has 
appeared,  therefore,  that  a  section  of  the  channel  at  the  outer  end  of  the 
^^Deep  Hole,"  beyond  the  place  where  outflowing  currents  are  united, 
where  bottom  and  banks  are  sand,  and  near  where  a  deeper  channel  is 
needed,  would  be  the  most  suitable  place  for  a  comparison  of  channel 
conditions. 

From  1862  to  the  present  time  the  section  over  the  bar  west  of  the 
channel  at  Cedar  Point  has  been  undergoing  constant  changes,  and  a 
broad  channel  has  been  cut  entirely  through  the  bar  at  a  place  which 
has  long  been  known  as  the  ^'  Wagon  Track."  The  location  of  the  top 
of  the  bar  has  moved  considerably,  so  that  exact  comparisons  of  the 
sectional  areas  are  difficult  to  make.  The  mean  depth  in  1896  was,  how- 
ever, greater  than  in  1872. 

In  a  section  near  outer  end  of  <^  Deep  Hole"  in  1862  the  width  between 
contours  of  12  feet  was  1,465  feet;  in  1872  the  width  between  same 
contours  was  1.290  feet;  in  1892  the  width  was  1,060  feet,  and  in  1896 
it  was  1,045  feet. 

In  the  same  section  the  widths  between  contours  of  18  feet  depth  were, 
in  1862, 925  feet;  in  1872, 760  feet;  in  1892, 580  feet,  and  in  1896, 575  feet. 
These  indicate  a  tendency  to  the  deterioration  of  the  channel  over  the 
cater  bar,  notwithstanding  the  fact  that  from  1867  to  1897  more  than 
190,000  was  expended  by  the  United  States  for  its  preservation  by  the 
removal  of  nearly  450,000  cubic  yards  of  sand,  besides  more  or  less 
diedging  from  time  to  time  by  persons  or  corporations  who  were  spe- 
cially interested  in  maintaining  the  depths. 

In  1873  the  tonnage  crossing  the  bar,  amounting  to  but  541,123  tons, 
▼as  in  small  vessels,  mostly  under  sails.  In  1893,  twenty  years  later, 
the  tonnage  crossing  the  bar  amounted  to  1,524,183  tons,  and  was 
mostly  in  steam  vessels,  many  of  them  large.  Steam  vessels  crossing 
Uie  bar  in  great  numbers  would  disturb  the  bottom  and  thus  effect  a 
tendency  to  preserve  and  even  increase  the  channel  depths. 
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While  the  maintenance  of  deep  channels  inside  of  Sandusky  Bay, 
from  Cedar  Point  to  the  city  front,  will  always  be  a  source  of  some 
comparatively  small  expense,  yet  the  improvement  upon  which  all  else 
must  depend  will  of  necessity  be  at  the  entrance  over  the  bar  between 
Cedar  Point  and  the  lake. 

Formerly  channels  of  small  depth  were  sufficient,  and  most  vessels  ■ 
could  pass  in  and  out  at  Sandusky  without  special  difficulty.  Most  of 
the  lake  freights  are  now  carried  in  large  steamers,  and  the  tendency  is 
for  all  small  freighting  craft  to  disappear  because  the  cost  per  ton  for  i 
freight  is  less  in  large  vessels. 

It  is  evident  that  at  harbors  where  large  vessels  can  not  easily  orj 
safely  go  at  all  times  the  shipping  of  freights  will  be  at  such  a  disad- 
vantage that,  save  for  purely  local  business,  competition  with  moi 
favored  ports  can  not  be  maintained,  because  the  force  required  to 
freight  will,  like  other  forces,  ultimately  find  its  way  along  the  lines  oJ 
least  resistance. 

The  question  is  therefore  presented  how  to  secure  and  maintain  ft| 
deep  and  reliable  channel  over  the  bars  at  the  least  expense. 

The  tributaries  of  Sandusky  Bay  consist  of  the  Sandusky  River  and? 
a  few  small  creeks.  The  river,  which  is  the  only  tributary  of  sufficient 
size  to  produce  any  appreciable  effects,  is  a  small  stream  having  a  very 
sluggish  flow  during  most  of  the  year,  and  its  maximum  outflow,  efen 
when  augmented  by  the  flow  from  the  creeks,  is  entirely  insufficient  to 
account  for  the  scouring  efiects  observed. 

The  average  wet  section  of  the  Sandusky  Eiver  at  mean  levd  is 
hardly  more  than  2,600  square  feet,  and  the  total  wet  section  of  all  the 
tributaries  to  the  bay,  at  the  same  level,  is  probably  less  than  3,000 
square  feet.  The  wet  section  of  the  ^<Deep  Hole"  channel  at  Cedar 
Point  exceeds  17,000  square  feet,  and  over  the  top  of  the  bar,  on  the 
same  line,  it  exceeds  27,000  square  feet.  The  wet  sectional  area  throogh 
which  water  flows  at  the  mouth  of  the  bay  is  therefore  approximately 
fifteen  times  as  great  as  the  total  section  of  all  the  tributaries.  Wo 
must  therefore  look  for  some  other  cause  than  the  outflow  from  thd 
drainage  basin  for  the  maintenance  of  that  section. 

While  the  mean  level  of  Lake  Erie  is  the  resultant  effect  of  varions 
causes,  the  observed  extremes  of  surface  level  have  been  the  immedi- 
ate and  temporary  results  of  winds  in  severe  storms.  The  middle  of 
Lake  Erie  east  of  Sandusky  lies  a  little  north  of  the  entrance  to  the 
bay,  and  in  a  direction  approximately  east- northeast.  The  middle  line 
of  the  lake  west  of  Sandusky  is  in  a  direction  nearly  northwest,  and 
the  middle  of  the  bay  is  on  a  line  approximately  east  and  west 

The  effect  of  very  strong  winds  from  the  northeast  is  to  lower  the 
surface  in  the  east  end  of  the  lake  and  to  raise  it  in  the  west  end.  At 
such  times  the  lake  surface  at  Monroe  and  in  Maumee  Bay  is  raised 
more  than  5  feet.    Yery  strong  westerly  winds  drive  the  water  along  to  i 
such  an  extent  that  on  several  occasions  within  a  few  years  the  sorfoce : 
at  Monroe  has  fallen  7  feet  or  more  within  a  few  hours.    Unfortunately) 
no  complete  record  of  the  water  levels  in  Sandusky  Bay  has  been  kept) 
so  that  the  extreme  fluctuations  at  that  place  are  not  known.    A 
glance  at  a  chart  of  Lake  Erie  and  Sandusky  Bay  will  be  sufficient  to  ^ 
show  that  the  same  causes  which  result  in  such  fluctuations  at  the  west^ 
end  of  the  lake  must  necessarily  produce  similar  effects, though  leasing 
extent  at  and  near  Sandusky.    This  is  known  to  be  the  case,  although)  -, 
as  before  stated,  no  complete  record  or  systematic  observations  hav« 
been  recorded.  .\ 

These  fluctuations  of  level  cause  the  water  to  flow  into  and  oat  oi! 
the  bay  with  very  rapid  currents.    The  times  when  these  currents  ar^ : 
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est  is  when  winds  and  waves  are  so  liigh  as  to  render  it  imprac- 

to  make  reliable  observations  on  their  velocity  or  direction.    It 

known  that  daring  easterly  winds  the  water  flows  from  the  lake 

lc  bay,  and  that  the  currents  and  waves  tend  to  move  the  sand 

bar  from  the  east  and  southeast,  especially  over  the  part  near 

ore,  and  thns  contract  or  fill  the  channel  from  that  side. 

ing  the  constraction  of  the  jetty  from  Cedar  Point,  in  the  season 

7,  the  carrents  were  occasionally  found  so  strong,  even  when  the 

fas  light,  as  to  cause  considerable  difficulty  in  handling  scows 

with  stone.    Currents  along  the  shore  from  the  eastward  passed 

I  the  end  of  the  work  as  it  progressed  with  sufficient  force  to 

fcway  the  sand  and  thus  add  to  the  depth  in  which  the  jetty  had 

ionstructed. 

ms  from  the  eastward  are,  however,  less  in  number  and  violence 
[lose  from  northerly  and  westerly  directions.  Waves  and  currents 
[  by  these  winds  drive  the  sand  along  the  bar  in  such  manner  as 
roach  upon  the  channel  from  that  side. 

m  the  currents  entering  the  bay  are  sufficiently  strong  the  sand 
has  accumulated  near  Cedar  Point  is  driven  inward,  and  it  is 
tly  from  this  cause  that  the  bar  has  been  formed  around  the 
md  of  the  ^'  Deep  Hole." 

outward  currents  are  far  stronger  than  the  inward,  not  only 
le  of  the  heavier  winds  and  rapid  lowering  of  the  lake  outside  of 
kr  but  because  of  the  slightly  added  flow  due  to  the  drainage 

When  these  currents  pass  beyond  the  bar  they  spread  but  lit- 
my,  to  the  northward  and  westward,  because  of  the  seas  and  cur- 
krriving  along  the  bar  from  those  directions,  so  that  the  resultant 
t  flows  over  that  portion  of  the  bar  to  the  southward  and  east- 

These  currents  drive  the  accumulated  sand  along  with  them 
:heir  force  has  been  dissipated  by  covering  too  large  an  area, 
itward  extension  of  the  bar  on  the  northwest  side  of  the  "  Deep 
channel  and  its  continuation  is  probably  not  primarily  due  to  the 
trough  the  ^^  Deep  Hole,"  buf  rather  to  the  outward  currents  over 
[)  of  the  bar  itself. 

e  of  these  points  were  quite  fully  discussed  in  a  report  dated 
iber  1, 1894,  printed  in  House  Ex.  Doc.  No.  91,  Fifty- third  Con- 
third  session;  also  in  Keport  of  Chief  of  Engineers  1895,  pages 
>  3089.  It  was  upon  this  report  that  the  latest  project  of  improve- 
s  based. 

as  to  prevent  the  spreading  of  the  current  to  the  eastward  and 
nsequent  reduction  in  its  force  that  the  present  project  for 
nng  Sandusky  Harbor  included  the  construction  of  a  jetty  on 
ntheast  side  of  the  channel  from  Cedar  Point.  The  same  project 
es  a  detached  dike  on  the  northwest  side  of  the  channel,  prin- 
^  for  the  purpose  of  arresting  the  movement  of  the  sand,  but 
itally  to  serve  as  a  contraction  work. 

ing  the  season  of  1897  the  jetty  from  Cedar  Point  was  extended 
)int  1,775  feet  from  shore,  and  the  foundation  of  brush  and  stone 
Ktended  somewhat  farther  to  check  the  scour  around  the  end 
he  eastward.  The  efiects  of  this  jetty  are  already  very  notice- 
1  deepening  the  channel  to  a  considerable  distance  beyond  its 
md,  but  the  time  of  its  operation  thus  far  is  too  short  to  afford 
rtainty  of  what  it  will  ultimately  accomplish, 
ing  the  season  of  1897  two  light  houses  were  constructed  on  the 
)ar  to  form  a  range  on  the  axis  of  the  channel  over  the  outer  bar, 
'emplated  in  the  project.  The  beacons  have,  however,  been  com- 
wbiie  progress  upon  the  jetty  and  dike  has  necessarily  been  lim- 


I 
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ited  by  the  available  fands.  The  lighting  of  the  beacons  will  therefoie 
necessarily  be  deferred  until  the  channel  is  sufficiently  far  advanced  to  t : 
have  its  line  of  deepest  water  marked  by  the  new  range  beacons.  A  ; 
more  complete  study  of  the  situation  than  had  been  possible  when  the  ^ 
latest  project  was  devised  has  led  to  the  conclusion  that  the  jetty  and  r 
dike  therein  planned  are  well  adapted  to  the  purpose,  but  not  sufficiently 
extended  to  insure  a  permanent  and  satisfactory  channel. 

The  forces  of  the  currents  are  ample  to  excavate  and  maintain  a  wide 
and  deep  channel  entirely  over  the  bar,  provided  they  are  properly 
directed.  It  is  evident  that  in  order  to  compel  the  currents  to  work 
along  a  particular  line  they  must  be  kept  from  going  elsewhere  until 
they  have  reached  a  point  where  they  may  be  trusted  to  complete  their 
task  after  being  set  at  liberty. 

It  is  also  evident  that  in  so  far  as  the  movement  of  sand  into  the  c 
channel  may  be  arrested,  the  securing  and  maintaining  of  a  good  Chan-  ^ 
nel  will  be  the  more  rapid  and  certain. 

The  front  beacon  and  keeper's  dwelling  of  the  range  which  marks  the  u 
straight  channel  from  Cedar  Point  to  the  city  front  is  very  nearly  upon  {: 
the  extreme  end  of  the  bar  which  extends  nearly  across  the  mouth  of  L 
the  bay.  The  protection  of  the  bar  near  this  light-house  is  of  itself  i^ 
important.  Any  further  wearing  away  of  the  bar  will  not  only  reduce  \r 
the  amount  to  which  the  currente  pan  be  concentrated  in  the  channel^  ^p 
but  the  material  scoured  away  where  depth  is  not  wanted  will  tend  to  \~ 
fill  the  places  where  depth  is  indispensable. 

1  have  concluded  that  the  desired  object  can  be  best  attained  by  the 
following-named  works  of  construction: 

First.  To  extend  the  jetty  from  Cedar  Point  as  far  as  may  be  fonnd 
necessary  to  hold  the  outward  and  eastward  currents  until  their  scoot    ^ 
has  made  a  channel  of  20  feet  depth  or  more  entirely  across  the  outer  [^ 
bar. 

Second.  To  prevent  the  Airther  lowering  of  the  crest  of  the  bar  by 
constructing  what  may  be  termed  a  '^  sill,"  consisting  of  brush  mattresses 
cheaply  made  and  loaded  with  sufficient  large  and  small  stone  to  secure 
them  in  place.  Across  the  ''  Wagon  Track,"  where  the  water  is  deep^t  L 
the  "sill"  would  be  raised  to  within  2  feet  of  mean  water  level.  This 
sill  and  dam  would  follow  the  general  line  of  top  of  bar  from  the  light- 
house to  Sand  Point,  as  shown  on  sheet  l^o.  2.  It  is  supplemented  bf 
three  small  jetties  constructed  in  the  same  manner  to  insure  the  sta^ 
bility  of  Sand  Point. 

Third.  From  the  light  bouse  the  dike  formerly  proposed  should  be 
made  continuous;  its  construction  should  be  deferred  until  after  the  btf 
protection  has  been  completed,  and  should  then  be  extended  outward 
in  connection  with  the  jetty  on  the  other  side  of  the  channel,  until  it  is 
found  that  the  further  extension  is  not  needed  to  accomplish  the  result 
How  far  it  will  be  necessary  to  extend  these  works  it  is  imx>os8ibleto 
determine  accurately  in  advance.  I  have  therefore  considered  it  wisest 
to  make  the  plan  and  estimate  cover  the  maximum  which  appears  ats^^ 
probable,  in  the  hope  and  expectation  that  the  results  will  be  obtained 
without  the  necessity  of  completing  the  entire  amount. 

It  is  prox>osed  to  raise  the  top  of  the  extended  jetty  on  southeast  side 
to  the  mean  lake  level  only,  and  to  mark  its  location  by  stone  so  pil^ 
at  various  places  as  to  form  sufficient  day  beacons. 

On  the  northwest  side  it  is  not  considered  necessary  to  raise  the  top 
of  dike  higher  than  a  plane  3  feet  below  mean  lake  level,  except  for  100 
feet  at  the  inner  end  near  the  light-house^  where  it  should  be  raised  to 
mean  lake  leveL 
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FoQrtb.  The  steep  slope  of  the  bar  extending  into  the  channel  sonth 
the  lighthoase at  the  intersection  of  sill  and  dike  should  be  pro- 
cted  by  mattresses  of  brush  held  in  place  by  stone. 
Fifth.  In  order  to  prevent  the  inward  and  outward  currents  from 
storing  the  original  condition  of  the  inner  bar,  thus  closing  the  outer 
id  of  the  straight  channel,  which  they  have  evinced  a  great  disposition 
accomplish,  a  dike  has  been  planned  to  so  deflect  these  currents  that 
ey  shall  tend  to  deepen  rather  than  to  obstruct  the  channel. 
Fhe  exact  sequence  in  which  these  works  should  be  constructed  is 
t  necessarily  outlined  in  this  report,  as  it  must  be  determined  largely 
the  amount  of  funds  available  at  any  one  time  and  by  such  results 
may  be  accomplished  while  the  work  progresses. 
Che  jetty  and  dike  are  parallel  and  are  725  feet  apart.  That  distance 
Drds  ample  room  for  entrance  from  the  lake  and  channel  room 
/ween.  It  is  quite  probable  that  during  the  construction  of  these 
rks  the  scour  which  will  be  induced  may  result  in  extending  the  deep 
innel  by  pushing  the  sand  outward  and  leaving  it  farther  along  and 
IS  reduce  the  depth  until  the  extension  of  the  contracted  current 
dl  be  sufficient  to  connect  the  deep  channel  with  deep  water  in  the 
e.  This  temporary  effect  may  necessitate  dredging  to  prevent  inter- 
>tion  of  the  channel.  The  quantity  of  material  to  be  dredged  can 
-dly  exceed  the  amount  for  which  an  estimate  is  included  in  the 
»ent  project. 

i?he  works  of  construction  for  which  the  estimate  is  most  conveniently 
4le  cover  all  that  are  now  considered  necessary,  and  therefore  include 
tain  incomplete  parts  of  the  present  project,  viz,  a  length  of  725  feet 
jetty  on  east  side  and  2,500  feet  of  dike  on  west  side,  the  sections  of 
ich  are  somewhat  modified  in  the  later  plan  with  a  view  to  reducing 
[lense. 

Che  cost  of  these  items,  amounting  to  (77,000,  is  therefore  deducted 
m  the  total,  to  give  the  estimated  cost  of  additions  considered 
Pessary, 
^ith  these  remarks  the  following  estimate  is  submitted: 

tending  east  Jetty  3,225  feet  beyond  present  limits,  to  complete  a  length 

f  5,000  feet: 

Brash  mattress,  19,000  square  yards,  at  40  cents $7,600 

Stone,  including  laying  top  and  slopes,  54,500  tons,  at  $1.50 81, 750 

Beacons,  two  6  feet  square  and  8  feet  high ;  one  10  feet  square  and  12 

feet  high 420 

8par  from  Cedar  Point^hrush  and  stone 800 

Total 90,570 

^  protecting  crest  of  bar  and  shore  of  Sand  Point,  sill  of  brash  mattress, 
^000  feet  long,  16  feet  wide,  covered  with  stone  1  foot  deep,  and  having  a 
dnmp  of  stone  along  the  middle  10  feet  wide  and  not  less  tnan  2  feet  high, 
And  where  water  is  deep  not  more  than  2  feet  below  mean  lake  level : 

Brush,  14,300  square  yards,  at  40  cents 5,720 

Stone,  14,000  tons,  at  $1.50 21,000 

Three  spurs  on  Sand  Point: 

Brash,  2,700  square  yards,  at  40  centR 1, 080 

Stone,  2,064  tons,  at  $1.50 3,096 

Total » 30,896 

^Tetment  of  slope  at  firont  range  light : 

Brush  mattress,  6,250  square  yards,  at  40  cents 2,500 

Stone,  4,840  tons,  at  $1.50 7,260 

Total 9,760 
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West  dike  or  Jetty,  5,650  feet  long;,  10  feet  wide  on  top,  900  feet  in  length 
raised  to  mean  lake  level;  remainder  to  a  plane  3  feet  below  mean  lake 
leTel.  Mattress  to  project  6  feet  beyond  foot  of  slopes,  and  that  part  to  be 
covered  with  stone  1  foot  deep : 

Brush  mattress,  30,300  sqn are  yards,  at  40  cents $12,120 

Stone,  80,000  tons,  at  $1.50 120,000 

Beacons,  four  6  feet  square  and  8  feet  high;  one  10  feet  square  and  12 
feet  high * oOO 

Total 132,620 

Reflecting  dike  for  inner  bar  1,500  feet  long,  10  feet  wide  on  top,  and  2  feet 
below  mean  lake  level,  on  brush  mattress,  extending  beyond  slopes  and 
covered  with  stone,  as  in  west  dike : 

Brush,  10,000  square  vards,  at  40  cents 4,000 

Stone,  33,300  tons,  at  $1.50 49,950 

Total SS,9S0 

Total  for  all  works  of  construction ^^^'SS 

Included  in  approved  project 77,000 

Estimated  cost  of  extensions  proposed 240, 70^ 

Amount  estimated  to  complete  present  project 185,  OOO 

Total 425,796 

The  estimates  of  qaantities  and  cost  of  material  to  constract  the  worl^ 
which  I  have  devised  have  been  made  by  Mr.  F.  8.  Burrowes,  Unit«d 
States  assistant  engineer.  The  qaantities  are  doubtless  as  nearly  co^' 
rect  as  they  can  reasonably  be  made.  I  believe  that  the  prices  are  sof' 
ficieutly  large  to  cover  all  contingencies  of  engineering. 
Very  respectfnlly,  your  obedient  servant, 

Jabed  a.  Smith, 
Colonely  Corps  of  Engineers, 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MB.  WM.  T.   BLUMT,  ASSISTANT  ENGINBKS. 

Toledo,  Ohio,  Janttary  g5, 1S98* 

Sir  :  I  have  the  honor  to  file  herewith  a  chart  of  the  har  at  the  month  of  Sandnslc^ 
Hnrbor,  from  a  snrvey  made  in  November,  1896,  under  yonr  orders  and  in  complisB"^ 
with  requirements  of  riyer  and  harbor  act  of  June,  1896.  ,. 

Work  of  surrey  was  begun  October  22  and  finished  NoTember21,  actual  field  wor» 
occupying  nineteen  days  of  that  period.  The  work  was  done  b^  myself  and  the  ci9j*^ 
of  the  steamer  Swansea,  Captain  Stevenson,  and  the  boatmen  being  regularly  at  iror»/ 
assisted  when  necessary  by  the  engineer  and  fireman.  ^ 

Survey  was  based  on  a  secondary  trianghlation  connecting  with  the  primary  ^' 
angulation  of  the  Lake  Survey,  bnt  owing  to  the  absence  of  availabfe  poio^^' 
connection  the  final  calculations  can  not  be  made  until  a  base  can  be  measQi^ 
The  azimuths  were  adjusted  by  working  back  to  the  ends  of  the  primary  base  ^ 
Cedar  Point,  and  are  practically  correct.  While  distances  may  be  m  error  sligbtlf / 
the  discrepancy  will  nardly  show  on  the  scale  used. 

Geodetic  positions  were  calculated  and  the  chart  developed  on  a  projection  ^  * 
scale  of  1:4000. 

Shore  line^ptopography,  and  elevations  Were  determined  by  transit  and  stadia. 

About  10,000  soundings  were  taken  with  a  rod  upon  ranges  laid  out  bv  wire*^^ 
measurement,  checking  where* possible,  and  located  on  these  ranges  by  mx^^ 
angles.  I  believe  all  to  be  reasonably  correct,  and  those  not  within  the  limits  ^^^\ 
scale  to  be  very  few.  Water  surface  daring  the  survey  was  from  1.4  to  2.2  feet  b«i^^ 
mean  level  of  Lake  Erie,  1860-1875,  but  on  tne  chart  depths  and  elevations  are  jd^ 
at  mean  level  in  feet  and  tenths.  Contours  are  drawn  for  each  foot  of  depth,  i0^  | 
vals  of  5  feet  being  shown  in  heavy  lines.  i 

The  new  stone  Jetty,  of  which  about  2,000  feet  was  completed  in  1897,  is  abo^ 
on  the  map. 


I 


V 


[ 
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r,  about  1870.  From  oomparison  with  the  published  chart  of  that  survey  on 
L:  20000,  it  appears  that  Sand  Point  has  extended  nearly  due  south  about 

00  square  feet,  and  that  the  water  over  the  bar  is  quite  perceptibly  shoaler. 
>py  of  the  original  map  of  the  Lake  Survey  on  a  large  scale  can  be  procured 
nparison  would  be  useful. 

survey  of  1892  made  under  your  direction  only  covered  the  immediate  vicin- 
ihe  channels  which  are  influenced  by  dredging  from  year  to  year.  Compari- 
LOW  that  the  18-foot  curve  around  the  "Deep  Hole"  has  extended  outward  at 
nd,  while  the  general  limits  of  the  steep  banks  are  practically  unchanged. 
Bgular  observations  of  currents  have  been  made,  but  probably  personal  obser- 
B  are  fully  as  accurate  and  serviceable  on  account  of  the  great  and  sudden 
ions.  Hardly  a  day  paM^  without  some  current  in  or  out  of  the  entrance,  even 
absence  of  winds.  The  area  of  Sandusky  Bay  is  so  large  and  the  bar  to  the 
iflsage  of  water  so  decided,  that  the  slightest  variation  of  pressure  on  either 
luses  a  translation  of  water.  The  current  so  induced  varies  from  a  eentle  one 
)t  weather  to  a  strong  flow  in  gales  of  winds.  A  wind  from  the  lake  north- 
»  east  throws  a  heavy  current  up  along  the  shore  and  around  Cedar  Point 
:h  the  '*  Deep  Hole/'  a  large  part  tnence  passing  in  through  the  Straight  Chan- 
liarge  portions  of  water  also  pass  in  over  the  bar  as  the  surface  rises,  and  I 
oted  a  current  around  the  Straight  Channel  front  beacon  so  strong  as  to  test 
ility  of  one  man  to  pull  a  boat  against  it.  I  estimated  this  current  one  day 
B  been  at  least  3  miles  an  hour.  A  3-mile  current  in  the  "Deep  Hole''  is  quite 
>n. 

1  the  wind  from  northwest,  west,  or  southwest  the  water  flows  outward, 
jrrents  are  usually  not  as  strong  and  are  more  generally  confined  to  the 
d,  the  bar  being  more  abrupt  on  the  inside  and  tending  to  guide  the  water 
I  natural  outlet.  The  area  of  the  bay  is  so  large  as  to  make  a  reflex  move- 
ifter  these  changes^  and  the  oonsequence  is  a  marked  current  one  way  or  the 
i  greater  portion  or  the  time. 

nk  that  with  the  more  serviceable  steamer  and  the  office  help  allowed  me, 
f  which  have  been  recently  granted  through  your  efforts,  I  shall  be  able  to 
leee  matters  the  closer  attention  they  demand.  I  shall  endeavor  not  only  to 
comparative  record  of  the  changes  in  the  channels  and  about  the  jetty,  but 
er  the  bar,  and  of  the  currents  under  varying  conditions. 
7ery  respectfully, 


Jared  a.  Smith, 

7crp9  ofSngineert,  United  State*  Army, 


Wm.  T.  Blunt, 
United  States  AeeUtant  Engineer, 


M  M  17. 
SURVEY  OF  BLACK  RIVER  (LORAIN)  HARBOR,  OHIO. 
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therein,  made  to  comply  with  provisioiiB  of  the  river  and  harbor  actofi 
June  3, 1896. 

Colonel  Smith,  in  the  accompanying  report,  submits  alternative  plans.  ^ 
Plan  A  is  designed  to  afford  an  entrance  400  feet  wide  in  water  27  feeti 
deep  at  mean  lake  level,  and  is  estimated  to  cost  $590,500.  Plan  Bis i^^ 
for  a  harbor  entrance  in  a  depth  of  29  feet  of  water  at  mean  lake  level,  h 
and  is  estimated  to  cost  $695,500.    The  local  officer  remarks  that^     \ 

The  present  indications  of  development  in  lake  commerce  are  that  the  principal  r 
freights  will  be  carried  in  mnch  larger  yessels  than  heretofore,  and  that  hsrbont 
which  can  not  afford  Uiem  a  safe  entrance  and  sufficient  depth  of  water  will  DotL 
onlj  fail  to  increase- in  business  but  can  hardly  avoid  suffering  great  loss  in  intenttBJ. 
previously  established.  i' 

Bespecting  the  two  plans  presented  in  his  report,  he  says: 

Between  the  two  plans,  "A"  and  "B,"  presented  with  this  report,  a  glance  will  be 
sufficient  to  show  the  great  superiority  of  plan  ''B"  for  every  ousiness  purpose  «od 
for  a  harbor  of  ref  age.    In  point  of  expense  only  the  former  plan  is  to  be  recommeDded. 

In  my  opinion  it  is  not  wise  to  limit  the  provisions  for  a  harbor  at  such  a  place  to 
present  necessities  only,  and  looking  to  tne  future  the  larger  and  more  expeiuiTe 
plan  is  the  one  which  will  best  serve  the  purposes  required. 

Yery  respectfully,  yoar  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.j  Chief  of  Engineers^ 

U.  8.  Amy. 

Hon.  B.  A.  Algeb,  [ 

Secretary  of  War.  ;; 

i, 
k 
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beport  of  ool.  jabed  ▲.  smith,  cobp8  of  enoineebs. 

United  States  Enoineeb  Office, 

Cleveland^  OhiOy  November  i,  1897. 

Genebal:  I  have  the  honor  to  submit  the  following  repoi-t  of  a  snr' 
vey  of  tlie  harbor  of  ^lack  River  (Lorain),  Ohio,  and  the  estimated  cost: 
of  improvement,  ^^with  a  view  to  providing  better  access  to  said  har- 
bor and  the  safety  of  boats  therein,"  as  required  by  the  river  and 
harbor  act  of  June  3, 1896,  and  by  letter  from  office  of  Chief  of  Engi- 
neers, dated  June  17, 1897: 

To  explain  the  present  conditions  and  the  necessities  of  navigation, 
a  brief  outline  of  the  development  of  such  harbors  on  Lake  Erie  will  be 
pertinent. 

The  first  project  for  improving  the  channel  at  the  mouth  of  the  Black 
River,  Ohio,  in  order  to  permit  its  use  as  a  harbor,  was  adopted  in  l^j^ 
in  compliance  with  a  provision  in  an  ^'act  to  authorize  the  improvini^^ 
of  certain  harbors,"  etc.,  approved  May  23, 1829,  as  follows:  ^'TowaKia' 
removing  the  sand  bar  at  or  near  the  month  of  Black  Biver,  in  ^^* 
State  of  Ohio,  by  the  erection  of  piers  or  other  works,  seven  thoasand' 
five  hundred  dollars." 

At  that  time  the  commerce  of  the  lakes  was  comparatively  small  ao^" 
freights  were  carried  in  small  sail  vessels.  Depths  of  8  to  10  feet  ov 
water  at  harbor  entrances  were  ample  and  the  piers  required  could  there* 
fore  be  of  a  very  simple  and  inexpensive  construction.  When  the  pier^ 
were  made  of  timber  cribs  they  usually  rested  upon  or  but  sligbtlf 
below  the  natural  bottom  of  the  lake  near  the  shore.  When  greatet 
channel  depths  became  necessary  the  piers  were  extended  farther  into 
the  lake  and  the  scour  of  the  current  was  assisted  by  dredging.  Mean- 
time the  old  piers  became  more  or  less  decayed,  worn,  and  undermined 
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>8  or  currents,  so  that  they  were  necessarily  repaired  or  rebailt. 
and  driven  along  the  shore  under  the  action  of  the  winds  and 

has  had  its  movement  arrested  by  the  piers,  resulting  in  an 
ce  of  the  shore  line  and  the  formation  of  a  sand  beach  on  one  or 
ides  of  the  harbor  entrance.  The  advance  of  the  shore  line  has 
3d  in  pushing  the  contours  of  depth  farther  into  the  lake  until 
)f  the  sand  has  been  driven  past  or  between  the  ends  of  the  piers, 
ars,  sometimes  two  parallel  bars,  have  been  formed  across  the 
el.  The  sand  of  the  broadened  beach  has  been  driven  along  by 
nd,  often  fairly  filling  the  air  to  a  height  of  several  feet,  until  it 
^d  the  channel  between  the  piers,  where  it  has  fallen  and  caused 
injury  to  the  channel  until  removed  by  dredging  or  driven  out  to 
>r  by  the  strong  current  of  a  freshet. 

m  the  foregoing  brief  description  it  will  be  readily  understood, 
ily  that  the  cost  of  maintenance  has  been  a  very  great  factor  of 
8e,  but  that  the  channel  depths,  especially  at  the  harbor  entrances, 
^een  subject  to  constant  variations  and  uncertainty  from  a  chang- 
)ttom  in  addition  to  those  resulting  from  changing  elevations  of 
ke  surface. 

obstruction  of  channel  by  drifting  sand  has  been  less  at  the  har- 
Lorain  than  at  most  other  harbors  similarly  located  in  the  mouths 
ers  on  Lake  Erie,  but  the  piers  have  suffered  as  elsewhere  from 

and  the  effects  or  ice,  drift,  water,  deepened  channels,  and  other 
)s,  so  that  the  greater  portion  is  now  in  bad  condition. 

extensions  of  piers  constructed  in  1889  and  later  are  compara- 
new,  their  total  length  being  approximately  140  feet  on  the  east 
nd  238  feet  on  the  west  side.  In  1893  a  section  of  east  pier  151 
iig,  which  had  fallen  into  the  deepened  channel,  was  rebuilt,  and 
^  the  present  season  a  section  of  west  pier  396  feet  long  is  being 

newest  part  of  pier,  built  previously  to  1889,  was  completed 
y-two  years  ago,  but  the  greater  part  is  very  much  older,  and  all 
s  in  such  condition  that  it  must  soon  be  rebuilt  for  the  preserva- 
f  the  channel,  because  no  mere  repair  caif  be  judiciously  under- 
When  the  old  pier  on  east  side  is  rebuilt,  the  alignment  should 
inged  to  give  a  better  and  wider  channel.  This  will  require  the 
reconstruction  of  east  pier,  save  the  part  at  outer  end  140  feet 

The  total  length  which  should  be  rebuilt  within  a  few  years  is 
feet  on  the  east  side  and  365  feet  on  the  west  side.  The  estimated 
\  therefore  included  in  this  report. 

vast  commercial  interests  of  the  lakes  have  been  so  much  devel- 
in  recent  years  that  an  entirely  dififerent  class  of  vessels  is  now 
yed  and  those  formerly  used  have  practically  disappeared.  Under 
rity  of  Congress  the  depth  of  channels  between  the  Great  Lakes 
len  gradually  increased,  and  a  minimum  depth  of  20  feet  will  soon 
:ained  throughout.  Every  increase  in  navigable  depths  has  been 
ed  by  an  increase  in  the  size  and  draft  of  vessels,  until  many  of 
exceed  400  feet  in  length,  and  still  greater  ones  are  now  under 
uction,  to  carry  from  6,000  to  7,000  tons  of  coal  or  ore. 
it  of  the  vessels  carrying  freight  on  the  lakes  are  now  propelled 
red  by  steam  power,  and  when  fully  loaded  there  are  but  few 

draw  as  little  as  16  feet  of  water.  Most  of  them  ordinarily  draw 
L8  feet  with  a  tendency  to  still  greater  depths.  For  such  vessels 
er  a  harbor  during  even  an  ordinary  storm  requires  a  depth  of 
at  the  harbor  entrance  very  much  greater  than  is  needed  in  the 
kratively  protected  channels  between  the  lakes  or  the  fully  pro- 


\ 


For  the  purpose  of  this  report  a  Lydrograpbic  survey  was 
under  my  direction  in  September  and  October,  1896,  and  it  bw 
supplemented  by  maps  from  previous  surveys,  covering  an  area 
1  mile  long  along  the  lake  shore  and  extending  into  the  lake  to  a 
of  29  feet.  Upon  the  map  thus  constructed  is  shown  the  outer  p 
of  the  present  harbor  of  Lorain,  the  proposed  alignment  of  eas 
and  plans  for  breakwaters  to  provide  '^better  access  to  said  barb 
the  safety  of  boats  therein."  The  map  is  forwarded  to  accompai 
report. 

Two  plans  for  breakwaters  are  indicated  upon  the  map,  n 
respectively  Plan  A  and  Plan  B.  The  plans  are  essentially  alik 
in  dimensions^  depth  of  water  at  the  entrance,  and  protected  ares 

Plan  A  is  designed  to  afford  an  entrance  400  feet  wide  in  water : 
deep  at  mean  lake  level,  determined  by  records  from  1860  to  1875. 
will  ordinarily  afford  a  depth  of  25  feet  under  unfavorable  condit 
the  lake. 

The  breakwaters  are  given  such  directions  and  locations  th 
impact  of  heavy  seas  upon  them  must  be  from  such  directions  tl 
drift  will  be  carried  from  the  entrance  and  the  formation  of  a  1 
any  action  of  storms  on  the  lakes  will  be  effectually  prevented. 

It  may  be  well  to  submit  a  brief  explanation  of  this  part  of  the  si 

The  fact  that  unless  |:he  surface  of  water  is  exposed  to  the  aci 

winds  over  a  considerable  distance  where  the  depth  is  great  u 

heavy  seas  can  be  produced  is  too  well  understood  to  require  con 

II  It  is  evident  that  all  winds  blowing  from  land,  even  though  obli 

will  leave  the  lake  surface  near  the  shore  comparatively  smooth, 
waves  are  raised,  a  forward  motion  is  produced;  the  surface  of  tl 
slope  of  the  wave  is  constantly  falling,  water  beneath  is  display 
the  direction  of  the  wave  motion,  and  the  surface  in  front  of  the 
is  raised.  In  great  depths  the  actual  water  in  the  wave  itself  hi 
very  slight  forward  movement,  but  the  displacement  of  the 
beneath  is  such  that  a  large  volume  is  moved  through  a  shorter  di; 
than  that  traversed  by  the  wave,  and  the  total  forward  movea 
water  is  sometimes  nearly  as  great  as  though  all  the  body  of  the 
were  transferred  while  the  part  below  remained  quiescent.    Whei 
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bottom,  and  heavy  seas  can  only  arrive  from  the  lake  in  directions  mak- 
ing a  considerable  angle  with  the  general  line  of  the  shore.  The  break- 
waters are  so  placed  that  it  is  believed  that  no  heavy  seas  will  impinge 
upon  them  from  such  directions  as  to  chase  along  the  breakwaters  toward 
the  entrance,  but,  on  the  contrary,  all  such  seas  will  be  turned  from  the 
entrance,  and  the  resulting  wave  motion,  current,  and  scour,  becoming 
greater  with  the  distance  traversed  because  of  receiving  constant  addi- 
tions, will  drive  the  sand  upon  the  beach  at  points  too  far  from  the 
entrance  to  be  again  returned.  Seas  which  are  driven  directly  in  at  the 
entrance  between  breakwaters  after  passing  that  point  will  necessarily 
be  greatly  reduced  in  height  by  spreading  over  the  widened  area  within : 
the  water  between  the  piers  will  be  comparatively  smooth,  and  loaded 
vessels  will  be  able  to  enter  the  channel  where  the  depth  is  smaller 
than  at  the  entrance  without  danger  or  difficulty. 

Plan  B  is  for  a  harbor  entrance  in  a  depth  of  29  feet  of  water  at 
mean-lake  level  and  the  two  wings  are  each  necessarily  somewhat 
longer  than  in  Plan  A.  From  whatever  point  it  be  considered,  Plan  B 
a^'ords  the  better  and  safer  entrance  because  in  deeper  water,  the 
greater  protected  area  for  use  as  a  refuge,  anchorage,  or  other  purposes, 
and  the  sea  has  more  room  in  which  to  lose  its  force  before  reaching 
the  entrance  to  channel  between  piers. 

The  choice  between  the  plans  must  then  be  decided  by  the  necessities 
to  be  served  and  the  expense  involved  in  each. 

Each  plan  involves  the  discontinuance  of  the  present  project  for 
extending  piers,  except  a  length  of  100  feet  on  east  pier.  The  renewal 
of  worn  and  decayed  parts  of  old  piers  will  be  necessary  in  each  case. 

The  estimated  cost  of  the  improvements  in  each  case  is  as  follows: 

PLAN  A. 

Etet  breakwater  1,200  feet  long. 
West  breakwater  1,500  feet  long. 

2. 700  feet,  at  $145 $391,500 

Two  pierheads, each  50  feet  square,  100  feet,  at  $285 28,500 

^tending  east  pier  100  feet. 
Hebnilding  east  pier  1,515  feet. 
Heboilding  west  pier    365  feet. 

1,980  feet  pier,  at  $75 -. 148,500 

l^iedging  area  ontside  of  piers  in  anchorage  to  dejitb  of  20  feet,  62,500  yards, 

in  scows,  at  16  cents 10,000 

l^ed^ing  channel  20  feet  deep  and  widening  same,  60,000  yards,  in  scows, 

at  20  cents 12,000 

Total 590,600 

FLAN  B. 

^att  breakwater  1,500  feet  long, 
^'est  breakwater  1,800  feet  long. 

^  3,800  feet,  at  $150 $495,000 

^0  pierheads,  each  50  feet  square,  100  feet  at  $300 30,000 

'^^tending  and  rebuilding  piers,  and  dredging  same  as  in  Plan  A 170, 500 

Total 695,500 

The  freight  tonnage  of  Lorain  Harbor  has  been  increasing  daring 
l^veral  years,  and  new  facilities  have  recently  been  introduced  which 
;l^mise  a  veiy  large  increase  in  the  near  fatore.  In  1896  the  freight 
^tering  and  leaving  the  harbor  amounted  to  565,219  tons. 

During  the  season  of  1897  the  Cleveland  Shipbuilding  Company  has 
l)66n  inaugurating  works  involving  an  expenditure  of  about  $600,000 

BNa  98—171 
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for  oonstractmg  a  complete  sUpbiiildiDg  plant  at  Lorain.  Among 
other  facilities,  the  dry  dock,  now  nearly  completed,  is  the  largent  npon 
the  lakes;  its  dimensions  flr»  500  feet  long  and  60  feet  wide  on  the  bot- 
tom5  and  560  feet  long  with  a  width  of  98  feet  on  top.  This  great  ship- 
building indns^  wiU  not  only  add  to  the  freight  tonnage  by  water, 
but  will  be  the  means  of  attracting  many  onload^  vessels  to  the  harbor 
for  repairs  and  for  winter  quarters. 

The  extensive  steel  mannfactaring  works  which  have  been  in  opera- 
tion but  a  comparatively  short  time  nnder  the  name  of  ^'The  Johnson 
Company,"  has  in  the  season  of  1S97  doubled  its  freight  tonnage  of 
1896,  and  is  soon  to  erect  famaces  of  such  capacity  as  to  more  than 
double  the  entire  freight  tonnage  of  the  harbor.  On  these  points  a 
statement  has  been  received  from  The  Johnson  Company,  a  copy  of 
which  is  appended  as  part  of  this  report. 

The  Cleveland,  Lorain  and  Wheeling  Railway  Company,  which  con- 
nects the  harbor  with  the  extensive  coal  deposits  of  Ohio  and  Pennsyl- 
vania, has  recently  erected  an  additional  plant,  at  an  exx)ense  of  about 
$100,000^or  handling  the  anticipated  Increase  in  coal  and  ore  ship- 
ments. During  the  summer  of  1897  there  has  been  a  falling  off  in  coal 
shipments,  owing  to  unusual  conditions  of  a  prolonged  strike  among  the 
miners  of  bituminous  coal,  preceded  by  a  general  business  depression. 
These  are,  however,  only  incidents  and  do  not  materially  affect  the  fact 
of  a  constant  increase  in  receipts  and  shipments  by  water.  To  fiu'tiier 
explain  this  point,  a  copy  of  a  letter  from  the  general  manager  of  the 
Cleveland,  Lorain  and  Wheeling  Bailway  Company  is  apx)ended,  to| 
accompany  this  report. 

The  foregoing  are  given  as  the  principal  commercial  interests  of  th 
harbor  of  filack  Eiver,  or  Lorain,  as  it  should  more  properly  be  desi 
nated,  but  there  are  other  minor  business  interests  more  or  less  depen 
eut  upon  water  freights,  such  as  lumber,  wood,  fish,  stone,  and  sand. 

The  present  indications  of  development  in  lake  commerce  are  th 
the  principal  freights  will  be  carried  in  much  larger  vessels  than  he 
tofore,  and  that  harbors  which  can  not  afford  them  a  safe  entrance  an 
sufficient  depth  of  water  will  not  only  fail  to  increase  in  business,  boi 
can  hardly  avoid  suffering  great  loss  in  interests  previously  establish 

Between  the  two  plans,  ^^A"  and  ^^B,"  presented  with  this  report, 
glance  will  be  sufficient  to  show  the  great  superiority  of  Plan  ^^B"  f( 
every  business  purpose  and  for  a  harbor  of  refuge.  In  point  of  exi>en 
only  is  the  former  plan  to  be  recommended. 

In  my  opinion,  it  is  not  wise  to  limit  the  provisions  for  a  harbor 
such  a  place  to  present  necessities  only,  and  looking  to  the  future  t 
larger  and  more  expensive  plan  is  the  one  which  will  best  serve 
purposes  required. 

Yery  respectfully,  your  obedient  servant, 

Jabed  a.  Smith, 
Colonelj  Corps  of  Engineers, 
Brig.  GtoL  John  M.  Wilson, 

Chief  of  Engineers  J  U.  8.  A. 
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THB  JOHNBOK  GOMPAIVT,  LORAINy  OhIO,  AND  JOHNSTOWN,  PA«, 

Lorain,  Ohio,  October  IS,  18S7* 

Dbar  Sib;  We  ue  pleased  to  hind  yoa  herewith  information  pertaining  to  oc 
lako  freight  receipts  and  shipments  for  the  years  1895,  1886,  and  1S97.    We  hsYi 
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led  in  the  tonnage  for  fhe  latter  year  shipments  which  are  under  contract  to  go 
id  previons  to  the  close  of  navigatioD.  The  figures  given  include  only  such 
ials  as  haye  been  received  or  shipped  from  our  own  dock  at  Lorain.  We  have 
ioos  times  been  the  consignees  of  large  amounts  of  iron  ore  for  tiunsmiraion  to 
or  blast  furnaces  with  which  we  have  had  conversion  arrangements.  As  such 
»ts  at  Lorain  will  be  comprised  in  the  statistics  furnished  by  the  Cleveland, 
n  and  Wheeling  Railway  Company,  we  have  omitted  them  from  the  following 
nent: 

BeoHpU  and  ikij^mmU  at  The  Joktaon  Campanffi  dock* 

BBCEIPTS. 


HaterisL 


1B05. 


1806. 


1W7. 


Ume net  tons.. 

m gross  tons.. 

Dgsand nettona.. 


12,500 

10,600 

8,500 


10,300 
900 


12,000 


SHIPMBKTS. 


nils gross  tons.. 

laiM,etc do 


I... 


.do. 


2,000 
860 


8,000 
700 


der  normal  business  conditions  the  above  figures  would  have  been  largely 

■Bed  and  a  regular  line  of  freight-carrying  steamers  stopping  at  Lorain  would 

swelled  the  total  tonnage  by  a  consiaerable  amount.    All  of  our  lake  freight 

the  present  time  has  been  carried  by  chartered  schooners  and  propellers  of  not 

1,000  tons  capacity. 

further  explanation  of  the  above  it  may  be  stated  that  the  existing  plans  of  The 

ion  Company  at  Lorain  comprise  a  Bessemer  steel  works  and  rolling  mills,  tum- 

nt  billets  and  steel  rolls  as  finished  product.    The  annual  output  of  the  plant 

ng  full  would  be  in  the  neighborhood  of  360,000  tons,  employment  being  fur- 

d  to  something  over  1,200  men.    Under  these  conditions  pig  iron  is  the  raw 

rial  with  which  we  start,  and  coal,  coke,  and  limestone  the  principal  adjuncts 

sazy  for  the  manufacturing  operations  by  which  it  is  converted  into  finished 

let. 

;  iron  and  fuel  must  come  fW>m  the  interior,  with  the  exception  of  such  iron  as 

kt  times  be  seonred  fh>m  Cleveland  furnaces.    Limestone  is  obtained  from  Kel- 

jsUuid  bv  water.    Our  finished  products  are  usually  destined  for  inland  points, 

Q|[;h  with  improved  service  over  the  Erie  Canal  we  can  avail  ourselves  ot  water 

portation  for  seaboard  shipments. 

IBS,  however,  always  been  a  part  of  our  plan  to  make  our  own  pig  iron  at  Lorain. 

leoesaary  developments  have  been  delayed  by  unfavorable  bnsiness  and  finan- 

londitions,  bnt  within  the  next  two  years  we  shall  complete  the  erection  of  two 

ftunaces  upon  the  Blaok  Biver,  having  a  combined  capacity  of  1,000  tons  of  pig 

p«r  day.    This  will  necessitate  the  receipt  at  our  docks  of  approximately  700,000 

of  iron  ore  and  160,000  tons  of  limestone  annually.    It  is  desirable  uiat  this 

rial  oome  in  boats  of  the  largest  tonnage  that  oan  reach  our  docks,  and  steps 

be  taken  to  provide  for  vessels  of  the  greatest  carrying  capacity  to  be  found 

ig  the  lake  fleets. 

\  consider  that  the  improvement  of  the  harbor  will  enable  us  to  take  advantage 

portnnitiea  in  the  way  of  freights  that  are  not  now  available,  and  a  very  mate- 

ncreaae  in  our  lake  traffic  can  not  fail  to  accompany  added  facilities  in  this 

tion. 

trust  that  the  information  herein  contained  may  be  such  as  you  desire  and  may 

;  in  the  formation  of  a  decision  to  recommend  for  the  harbor  improvement  at 

n  that  plan  best  calculated  to  satisfy  the  future  requirements  of  what  we  con- 

Jy  believe  is  to  be  one  of  the  most  important  ports  on  the  southern  shore  of 

Erie. 

Respectfully,  The  Johnson  Company, 

Per  F.  A.  Smyths. 
at.  CoL  Jarxd  A.  Smith, 

UuiM  8taU9  Corp§  o/Smgineen. 
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ubitkb  of  the  clbvklakd,  loraik  and  whkxlin6  railway  gompant. 

Ths  Clevsland,  Lorain  and  Whbxlino  Railroad  Company, 

Cleveland,  Ohio,  October  25, 1837. 

My  Dear  Sir:  In  oompliance  with  yonr  recent  request,  I  bee  to  Bnbmit  figares 
Bhowing  the  shipments  and  receipts  of  freight  over  onr  docks  at  Lorain  Harbor: 


Forwarded: 

Coal  in  oftrgoes 

Coal  for  veetel  fnel 

Steel  bUleta 

Received : 

Iron  ore 

Lumber,  lathe,  poets,  and  ties. 


Season  of 
1885. 


Ton*. 
202,698 
18,554 


214. 218 
12.084 


****•      OctoberL 


Tont. 
811, 743 
19,580 


Tons, 
88,008 
8,658 

4.r  - 


101,445 
11,262 


280,848 
8,808 


In  explanation  of  the  decrease  in  coal  shipments  this  season  as  compared  with 
previous  ones,  it  should  be  stated  that  owing  to  the  general  business  depression 
almostno  coal  was  shipped  prior  to  June  1,  and  on  July  4  the  great  bituminous  coal 
strike  commenced  and  lasted  until  September  20,  thus  absolutely  suspending  all 
shipments  of  coal  by  water.  Had  it  not  been  for  this  circumstance  the  shipments 
for  this  season  would  have  shown  an  Increase  over  those  of  1896. 

There  is  every  reason  to  believe  that  our  vessel  shipments  from  Lorain  will  con- 
tinue to  increase  from  year  to  year,  as  the  facilities  for  caring  for  the  larger  vessels 
are  improved. 

During  the  last  two  years  at  least  $200,000  have  been  spent  in  developing  new  ooal 
mines  on  the  line  of  this  railroad,  the  output  from  whicn  will,  to  a  great  extent,  be 
shipped  via  I^rain  Harbor,  and  traffic  arrangements  have  been  made  which  will 
result  in  large  quantities  of  coal  from  the  State  of  West  Virginia  being  shipped  to 
the  North  weRt  by  way  of  that  harbor  also. 

This  company  has  recently,  in  anticipation  of  largely  increased  ore  receipts,  erected, 
at  an  outlay  of  nearly  $100,000,  a  plant  for  handling  it,  and  we  are  now  having  plans 
prepared  for  other  extensive  improvements  on  our  docks,  because  of  the  altogether 
reasonable  expectations  of  increased  lake  shipments  during  the  next  year. 

If  more  detailed  information  is  desired,  kindly  so  advise. 
Yours,  very  truly, 

W.  R.  Woodford,  General  Manager, 

Col.  Jarsd  a.  Smith,  U.  8.  A, 


M  M  i8. 


SURVEY  OF  THE  BREAKWATER  AT  CLEVELAND  HARBOR,  OHIO. 
[Printed  in  House  Doo.  No.  128,  Fifty-fifth  Oongreas,  leoond  session.] 

Office  of  the  Chief  of  ENaiNEERS, 

United  States  Army, 
Washington,  D.  0.,  December  2, 1897. 

Sir  :  I  have  the  honor  to  snbmit  the  accompanying  report  of  Novem- 
ber 15, 1897,  with  map;  by  Col.  Jared  A.  Smith,  Corps  of  Engineers, 
upon  survey  of  the  breakwater  at  Cleveland  Harbor,  Ohio,  as  hereto- 
fore planned,  with  a  view  of  determining  the  advisability  of  changing 
the  plan  thereof  so  as  to  abandon  the  proposed  construction  of  the 
eastern  shore  arm,  and  in  lieu  thereof  extending  the  breakwater  east- 
wardly  in  a  general  direction  parallel  with  the  shore,  made  to  comply 
with  requirements  of  the  river  and  harbor  act  of  June  3, 1896. 
Colonel  Smith's  conclusions  may  be  summarized  as  follows: 
First.  Such  a  modification  wonld  greatly  increase  the  exposure  of 
wharves  and  anchorage  to  the  northerly  and  northeasterly  storms. 
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econd.  The  expense  of  the  same  length  of  breakwater  would  be 
siderably  increased  because  of  the  greater  depth, 
'bird.  In  case  of  a  further  extension  eastward  on  the  same  line  the 
bor  would  still  have  increased  exposure  to  the  north  and  northeast 
I  a  greater  cost  than  if  built  nearer  shore. 

'ourth.  The  width  between  breakwater  and  end  of  wharves  would 
too  great. 

"ifbh.  The  cost  of  protecting  the  harbor  from  northeast  storms  by  a 
re  arm,  which  would  ultimately  be  required,  would  be  greater  than 
he  breakwater  were  built  nearer  shore. 

ixth.  An  extension  eastward  from  the  end,  as  heretofore  planned, 
lid  afford  much  better  protection  to  wharves  and  anchorage  at  all 
68,  would  cost  less,  would  afford  ample  room  between  wharves  and 
akwater,  and  would  be  nearly  900  feet  nearer  shore,  with  a  corre- 
nding  decrease  in  the  cost  of  a  shore  arm  to  protect  the  harbor  from 
theasterly  storms. 

^hese  lioints  are  deemed  by  Colonel  Smith  to  be  sufQcient  to  indicate 
t  it  is  not  advisable,  either  with  reference  to  present  necessities  or 
cire  requirements,  to  abandon  the  construction  of  the  shore  arm  of 
breakwater  as  now  planned. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig,  Oen.^  Chief  of  Engineers^ 

v.  8.  Army. 
Ion.  B.  A.  Alger, 

Secretary  of  War. 


report  of  col.  jared  a.  smith,  corps  op  engineers. 

United  States  Engineer  Office, 

Cleveland^  Ohio,  November  15, 1897. 

rBNERAL:  I  have  the  honor  to  submit  the  following  report  of  a  siir- 
'  of  the  breakwater  at  Cleveland  Harbor,  Ohio,  as  require<l  by  a 
use  of  section  1  of  the  river  and  harbor  act  of  June  3,  1896,  as 
ows: 

lul  provided  aUo,  That  the  Secretary  of  VTar  be  directed  to  cause  a  saryey  to  be 
le  of  the  said  breakwater  as  heretofore  planned,  with  a  view  of  determining  the 
isability  of  changing  the  plan  thereof  bo  as  to  abandon  the  proposed  constriic- 
of  the  eastern  shore  arm,  and  in  lieu  thereof  extending  the  said  breakwater 
/wardly  iu  a  general  direction  parallel  with  the  shore. 

*lie  application  of  the  term  << breakwater"  as  used  in  the  foregoing 
airenient  of  law  is  not  understood  to  be  limited  to  the  structure 
(If,  but  is  assumed  to  include  whatever  area  may  be  necessary  for  a 
iplete  understanding  of  the  situation.  The  entire  outer  harbor  of 
velaiid  is  often  popularly  called  *'the  breakwater,''  and  apparently 
SI  in  a  kindred  sense  that  the  name  was  applied  in  the  clause  above 
»ted. 

n  September,  1896,  a  very  complete  survey  was  made  under  my 
^tion  by  Mr.  William  T.  Blunt,  assistant  engineer,  employing  the 
\\\  steamer  Swansea^  boats,  and  crew  in  making  soundings  and 
kininations  of  the  bottom.  A  copy  of  that  part  of  Mr.  Blunt's  report 
ich  describes  the  survey  is  appended  hereto.  A  tracing  of  the  map, 
h  some  recent  additions,  is  forwarded  to  accompany  this  report. 
?he  hydrographic  portion  of  the  map  covers  an  ar^a  2^  miles  long 
1  4,000  to  6,000  feet  wide.    Its  eastern  limit  is  If  miles  east  of  east- 
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em  end  of  breakwater  as  heretofore  planned,  and  the  line  of  shore 
extends  somewhat  farther. 

The  plan  of  the  east  breakwater  is  shown  upon  the  map.  The  main 
front  on  the  lake  is  on  the  same  line  as  that  of  west  breakwater,  a 
space  of  500  feet  being  left  for  an  entrance  to  the  harbor  opposite  the 
month  of  the  river.  It  extends  a  length  of  3,500  feet  on  the  lake  front, 
and  then  changing  direction  26^  toward  shore,  a  farther  distance  of 
2,000  feet.  The  last-named  part  is  that  which  has  been  designated  as 
the  ^^  shore  arm." 

A  length  of  2,494.5  feet  on  the  lake  front  of  the  east  breakwater  was 
completed  in  1893,  since  which  time  no  additions  have  been  made.  The 
length  now  remaining  to  be  bnilt  to  complete  the  breakwater  is  there- 
fore 3,005.5  feet. 

In  order  to  better  discuss  the  question  presented,  it  is  assumed  that 
if  the  plan  of  breakwater  is  to  be  extended  eastward  without  change  of 
direction,  the  total  length  will  at  first  not  be  increased  by  the  change, 
because  of  the  limitations  in  cost  which  are  made  in  the  same  paragraph 
relating  to  Cleveland  Harbor  in  the  act  of  June  3, 1896;  the  proposed 
change  is  therefore  indicated  upon  the  map,  making  the  total  length 
same  as  before. 

Through  the  eastern  end  of  the  breakwater  as  heretofore  planned, 
and  its  eastern  terminus  if  given  the  same  length  without  change  of 
direction,  heavy  broken  lines  have  been  drawn,  first  on  the  meridians, 
and  second  at  an  angle  of  45^  thereto,  indicating  directions  due  north- 
east and  southwest.  The  meridian  through  the  end  of  breakwater  as 
planned  is  about  350  feet  east  of  the  one  through  the  point  where  it 
would  terminate  if  built  on  a  straight  line.  To  aSbrd  the  same  theoret- 
ical cover  from  a  north  wind  the  straight-line  breakwater  would  require 
a  length  approximately  450  feet  longer  than  the  one  with  shore  arm. 

The  lines  indicating  the  respective  limits  of  areas  sheltered  from 
northeast  storms  show  very  plainly  that  the  straight-line  plan  leaves 
nearly  all  of  the  anchorage  on  east  side  entirely  exposed,  and  does  not 
even  fully  cover  the  west  side  anchorage.  The  shore-arm  plan,  while 
still  leaving  a  slight  exposure  to  the  northeast,  affords  vastly  better 
protection  than  the  other  to  both  anchorage  and  wharves.  The  straight- 
line  plan  would  have  to  be  extended  an  additional  distance  of  more 
than  6,000  feet  eastward  to  afford  the  same  direct  cover  from  northeast 
winds  that  is  furnished  by  the  shore  arm. 

The  average  depth  of  water  along  the  2,000  feet  of  shore  arm  is  about 
3  feet  less  than  over  the  corresponding  length  on  the  straight-line  plan, 
and  the  cost  for  same  length,  if  the  proposed  change  be  made,  would 
therefore  be  increased. 

An  examination  of  the  map  in  connection  with  the  lines  drawn  to 
illustrate  this  discussion  shows  conclusively  that  a  breakwater  upon 
the  present  plan  will  aiford  vastly  better  protection  from  north  and 
northeasterly  winds  than  it  will  be  possible  to  obtain  at  the  same  cost 
if  the  plan  be  changed  as  proposed  without  a  considerable  increase  in 
length. 

The  requirement  of  law  for  a  report  upon  the  advisability  of  modify- 
ing the  plan  of  the  breakwater  implies  that  the  necessities  of  commerce 
may  require  its  further  extension  eastward,  and  that  such  extension,  if 
made,  shall  be  on  the  prolongation  of  the  line  of  its  lake  front. 

In  order  to  ascertain  as  far  as  possible  the  facts  bearing  upon  this 
view  of  the  subject,  a  letter  was  addressed  to  the  Cleveland  Chamber  of 
Citmmerce  briefly  explaining  the  situation  and  asking  for  information 
upon  a  few  definite  points,  to  which  a  very  complete  reply  has  been 
received. 
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The  correspondence  is  as  follows: 

United  States  ENonnEBR  OfficBi 

Cleveland,  Ohio,  September  SO,  1837, 

Dear  Sir:  The  act  of  Congress  known  as  the  river  and  harbor  act  of  Jane  3, 1896, 
eontained  a  olanse  regarding  Cleveland  Harbor  in  the  foUowing  words : 

''That  the  Secretary  of  War  be  directed  to  canse  a  survey  to  be  made  of  the  said 
breakwater  as  heretofore  planned,  with  a  view  of  determining  the  advisability  of 
changing  the  plan  thereof  so  as  to  abandon  the  proposed  constmction  of  the  eastern 
shore  arm,  and  in  liea*thereof  extending  the  said  breakwater  eastwardly  in  a  genexml 
direction  paraUel  with  the  shore." 

In  a  separate  roU  I  hand  yon  a  bine-print  map  of  Cleveland  Harbor,  which  will 
illastrate  the  present  extent  of  the  breakwater  and  the  question  raised  in  regard  to 
its  future  extension. 

The  east  breakwater  now  has  a  length  of  2,494^  feet.  The  present  plan  of  this 
breakwater  contemplates  a  length  of  3,500  feet,  measured  on  a  straight  line  from  the 
east  side  of  harbor  entrance  and  thence  a  distance  of  2,000  feet  obliquely  toward  the 
shore  to  a  point  approximately  on  the  prolongation  of  the  west  side  of  Muirson  street, 
and  about  2,250  feet  outside  of  the  shore  line. 

I  am  now  reauired  to  submit  to  the  Chief  of  Engineers  a  report  upon  the  advisa- 
bilitv  of  modifying  the  plaTn  of  the  harbor  in  such  manner  that  the  entire  eastern 
breakwater  shaU  be  on  one  continuous  straight  line.  This  Is  not  directly  a  question 
of  engineering  so  much  as  of  expense  and  of  public  policy  in  the  interest  of  the  varied 
commerce  and  industries  of  Cleveland,  of  which  the  chamber  of  commerce  is  the 
representative  body.  The  question  is  therefore  submitted  in. the  hope  of  receiving 
in  reply  some  information  which  wiU  assist  in  formulating  a  complete  and  conclusive 
report.    I  beg  leave,  however,  to  make  the  foUowing  suggestions : 

First.  From  1376  to  1833  the  United  States  constructcSl  a  breakwater  on  the  west 
side  having  a  total  length  of  more  than  7,000  feet  and  protecting  an  area  on  the  west 
Bide  of  which  the  shore  line  is  slightly  more  than  1  mile  in  len^tn.  The  west  break- 
w^ater  has  been  completed  nearly  iourteen  years,  during  which  time  the  United  States 
lias  expended  a  considerable  sum  annually  for  maintenance,  and  it  Is  now  under  the 
necessity  of  expending  about  ^425,000  in  order  to  renew  parts  which  are  decayed  or 
worn.  Meantime  the  depths  in  tne  protected  area  have  been  greatly  reduced  by 
Tarious  causes. 

Up  to  the  present  time  no  wharf  or  pier  for  business  purposes  has  been  constructed 
'Within  the  area  thus  protected,  which  has  been  year  by  year  losing  its  depth  of  water. 

Second.  The  length  of  shore  line  and  the  area  to  be  protected  on  the  east  side, 
according  to  present  plans,  are  each  nearly  as  great  as  the  corresponding  parts  on 
the  west  side,  although  only  the  part  west  of  Seneca  street  is  now  available  for  com- 
mercial business  because  of  the  frontage  owned  by  the  city  for  park  purposes  and 
by  the  United  States  for  the  Marine  HospitaL  Next  east  of  Muirson  street  comes  the 
new  Lakeside  Hospital. 

If  the  breakwater  were  to  be  limited  to  the  length  now  authorized,  there  would 
Im  no  hesitation  in  deciding  that  the  plan  heretofore  adopted  affords  far  better  pro- 
tection than  could  be  obtained  by  the  same  length  in  one  straight  line.  The  ouestion 
now  raised,  therefore,  seems  to  imply  that  the  commercial  interests  of  Cleveland  are 
such  as  to  justify  the  United  States  in  extending  the  breakwater  farther  eastward 
than  is  now  planned,  and  that  such  extension  should  be  on  a  continuous  straight  line. 

Any  business  which  would  require  a  protection  beyond  what  is  contemplated  in 
present  plans  must  necessarily  be  located  east  of  Caniield  street,  and  the  farther  the 
protection  is  from  the  shore  the  greater  the  length  required  to  afford  shelter  from 
northeast  storms.  The  original  cost  of  the  breakwater  may  be  estimated  at  $160  per 
linear  foot,  and  in  twenty  years  the  cost  of  maintenance  will  increase  that  amount 
about  50  per  cent. 

It  seems  pertinent  therefore  to  ask : 

First.  What  commercial  enterprises  are  now  in  operation  on  the  lake  front  of  Cleve- 
land east  of  Canfield  street  whose  business  would  be  greatly  facilitated  or  increased 
by  the  extension  of  the  breakwater  sufficiently  far  to  protect  their  respective  water 
fronts  f 

Second.  To  what  extent  is  it  certain  that  a  further  extension  of  the  breakwater 
eastward  would  develop  new  enterprises  f 

Third.  If  all  the  benefits  to  be  derived  from  an  extension  of  the  breakwater  beyond 
the  limits  of  present  plans  were  to  accrue  directly  to  the  United  States,  would  they 
be  sufficient  to  Justify  the  expenditure  as  a  financial  investment  and  enterprise  t 

Fourth.  In  consideration  of  the  fact  that  the  breakwater  already  covers  a  large 
area  and  shore  line  on  the  west  side,  of  which  no  advantage  has  thus  far  been  taken 
to  develop  commercial  enterprises  on  the  lake  front  and  of  the  fact  that  an  addi- 
tional expenditure  of  $1,354,000  has  been  authorized  by  Congress,  is  it  justifiable  at 
present  to  submit  a  recommendation  for  the  modification  now  proposed  with  all  its 
direct  and  implied  results? 
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Fifth.  Should  the  oommeroe  of  Cleyeland  at  present  or  at  some  fatare  time  be 
found  to  Justi^  the  expense  of  additional  harbor  room  east  of  the  limits  heretofore 
adopted,  would  it  not  be  better  to  construct  an  independent  breakwater,  coYering 
only  the  space  required,  rather  than  to  extend  the  present  breakwater  on  the  same 
line,  resulting  in  a  haroor  which  would  leave  room  to  develop  a  considerable  sea 
firom  the  northeast  within  its  own  limits  t 

Thanking  you  in  advance  for  any  consideration  and  reply  which  may  be  given  to 
the  questions  here  presented,  I  am. 

Very  respectfully,  yours,  Jarbd  A.  Smith, 

Colonel,  Corp$  of  Eng%noer$, 
Hr.  W.  R.  Warnxr, 

FtuiAmi  of  ike  Cleveland  Chamber  of  Commerce,  Cleveland,  Ohio, 

TiiB  CuevkijlND  Chamber  of  Commerce,  October  iO,  18S7. 

Sir:  I  have  to  transmit  herewith  a  copy  of  the  report  submitted  to  the  Chamber 
of  Commerce,  at  its  general  meeting  held  last  evening,  by  the  committee  on  harbor 
and  docks  and  the  executive  committee  of  the  Maritime  Board,  to  whom  your  letter 
of  September  30,  addressed  to  President  Warner,  on  the  subject  of  the  extension  of 
the  breakwater  eastward,  was  referred.  As  indicated  in  the  report,  the  chamber 
will  be  very  glad  to  supplement  any  general  stntements  embraced  in  the  report  by 
more  definite  and  specific  information  if  you  will  kindly  indicate  what  would  be 
desirable. 

At  the  same  time  I  desire  to  advise  you  that  a  resolution  of  thanks  was  unani- 
mously adopted  by  the  chamber,  expressive  of  its  sincere  appreciation  of  the  courtesy 
and  consideration  shown  to  the  chamber  by  you  iu  invitiug  its  ofiicial  interest  upon 
this  important  matter. 

Again  thanking  you,  I  am,  very  respectfully, 

Ryerson  Ritchie,  Secretary, 

Col.  Jarbd  A.  Smith,  U.  S.  A. 

October  16,  1897 

Your  committee  on  harbor  and  docks  and  the  executive  committee  of  the  Maritime 
Board  have  met  and  conHidered  the  letter  referred  to  them  by  your  board  of  direct- 
ors from  Col.  Jared  A.  Smith,  United  States  Eugineer  in  charge  of  the  harbor 
improvements  at  Cleveland,  and  the  matters  therein  brought  forward.  After  fuU 
consideration  of  the  subject  it  is  recommended  that  a  reply  be  addressed  to  Colonel 
Smith,  the  substance  of  which  shall  be  to  recommend  and  urge,  on  behalf  of  the 
commercial  interests  of  the  city  of  Cleveland,  represented  by  this  chamber,  the 
extension  of  the  breakwater  easterly,  preferably  upon  the  line  of  the  present  break- 
water extended.    The  reasons  for  tliis  are,  briefly,  as  follows: 

The  breakwater  at  Cleveland  was  be^un  under  a  plan  snbinitted  in  1875,  the  modi- 
fication of  which,  under  which  the  east  breakwater  is  now  projected,  was  made  in 
1888,  the  design  then  being  to  limit  the  breakwater  by  a  shore  arm  at  a  point  about 
opposite  the  foot  of  Muirson  street.  The  enlargement  of  the  ori  (final  plan  was  mads 
in  1888  upon  a  showing  of  the  remarkable  increase  in  the  business  of  the  district,  in 
the  commerce  of  the  lakes  generally,  and  in  the  size  of  vessels  which  were  the  instru- 
ments of  this  trafiic.  It  was  shown  that  in  1888  there  were  ships  being  built  of  the 
then  great  length  of  310  feet,  with  a  carryiuj^  capacity  of  2,800  tons.  Since  that 
time,  or  during  the  past  ten  years,  the  increase  in  all  theBC  respects  has  been  beyond 
the  greatest  expectations  of  anyone  connected  with  the  lake  commerce  at  that  time. 

For  the  year  ending  June  30, 1897,  more  steam  tonnage  was  built  on  the  lakes  than 
in  all  other  ports  of  the  United  States  combined.  There  are  to-day  many  more  ves- 
sels of  a  tonnage  of  1,000  tons  and  upward  on  the  lakes  than  in  the  entire  American 
merchant  marine,  exclusive  of  the  Great  Lakes.  There  are  many  ships  over  400  feet 
in  length.  Steamers  are  now  building  of  450  feet  keel,  and  one  is  about  to  be  built 
of  500  feet,  and  it  is  undoubtedly  true  that  the  demands  auH  economies  of  lake  com- 
merce will  necessitate  the  continued  construction  of  vessels  of  great  dimensions.  A 
contract  was  recently  let  for  a  steamer  guaranteed  to  carry  6,500  tuns  and  for  2 
consorts  guaranteed  to  carry  7,000  tons  each.  Harbors,  shipping  facilities,  and 
breakwaters  which  were  entirely  adequate  ten  years  ago  are  now  insuflicient.  So 
far  as  the  purposes  of  a  harbor  of  refuge  are  concerned,  the  breakwater,  if  completed 
as  now  projected,  will  be  entirely  inadequate  to  the  demands  of  the  commerce  car- 
ried on  in  vessels  more  than  double  the  size  of  those  in  use  ten  years  ago. 

The  enlargement  and  deepening  of  channels  by  the  Government  has  so  greatly 
increased  the  facility  with  which  cargoes  are  carried  in  large  vessels,  that  the  aver- 
age rate  for  carrying  a  ton  per  mile  on  the  lakes  in  1897  will  scarcely  exceed  one- 
tenth  of  the  cost  on  the  most  favored  railroad  in  the  United  States.  Recent  devel- 
opments in  business  have  increased  the  ore  and  other  shipmeuts  by  lake,  so  that  in 
1896  it  is  confidently  predicted  there  will  be  an  increase  of  50  per  cent  over  any  pre- 
vious year  in  the  transportation  of  iron  ore  alone,  and  the  same  conditions  will  make 
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crease  a  continuons  one  from  year  to  year.  The  fixed  and  established  work  of 
eak water,  together  with  the  fact  that  the  western  arm  extends  absolutely  to 
ore,  makes  it  impossible  to  Increase  the  accommodation  behind  the  breakwater 
i  by  extending  it  easterly. 

enormons  growth  in  lake  trafllo  has  already  taxed  the  inner  harbor  of  Cleve- 
klmost  to  its  capacity,  and  the  lake  bnsiness  of  Cleveland  demands  to-day 
Bed  facilities  not  merely  in  the  matter  of  transshipment,  but  in  the  aooommo- 

of  bnsiness  actually  established  in  the  city  depending  upon  the  receiving  and 
ant  of  commodities  by  water,  and  there  is  no  place  available  for  the  acooi^mo- 

of  local  business  of  this  character  except  east  of  the  river, 
ing  the  past  five  years  there  have  been  turned  away  from  the  city  of  Cleveland 
1  very  important  enterprises,  the  shipments  and  receipts  of  which  by  lake 

be  measured  by  hundreds  of  thousands  of  tons  annually,  solely  for  the  reason 

0  place  for  the  accommodation  of  their  buHiness  could  be  found  except  upon 
£e  shore  east  of  the  river,  and  that  land  was  unavailable  by  reason  of  the  lack 
bection  by  breakwater.  And  at  least  one  institution  already  located  there,  the 
ts  and  shipments  of  which  would  aggregate  almost  2,000,000  tons  in  a  single 

of  navigation,  has  been  prevented  from  enlarging  its  facilities,  and  is  said  to 
inder  contemplation  the  removal  of  its  bnsiness,  because  its  property  is  nnpro- 
and  ships  could  not  come  to  docks  which  that  company  desires  to  construct, 
ceming  the  statement  that  there  is  already  a  protected  space  west  of  the  river 
has  thus  far  not  been  utilized,  the  investigation  made  by  your  committee  leads 
«o  report  that  this  territory  is  available  only  for  transfer  docks—  that  is  to  say, 
)  receii>t  and  transshipment  of  heavy  freights,  such  as  iron  ore  and  coal.  Rail- 
ompanies  and  others  having  appliances  tor  that  bnsiness  in  the  inner  harbor, 
is  already  overtaxed,  have  been  ready  for  some  years  to  make  the  necessary 
cements  outside,  and  have  only  been  deterred  from  doing  so  because  of  certain 
table  controversies  in  regard  to  riparian  ownership ;  and,  in  consequence  of  the 
)  to  develop  these  possibilities,  Cleveland  as  a  transferring  port  has  suffered 
ulable  ii^jury.  But  this  business,  at  Cleveland's  loss,  has  been  accommodated 
lere. 

h  respect  to  the  extension  of  the  east  breakwater,  the  condition  is  essentially 
int.  Protection  is  needed  on  that  side,  not  for  transferring  docks,  but  for  docks 
ich  may  be  received  and  shipped  commodities  which  enter  into  the  local  bnsi- 
f  the  port  which  could  not,  under  tfny  circumstances,  be  accommodated  behind 
Mt  breakwater  and  which  can  only  be  accommodated  at  other  points  at  great 
ot  only  at  Cleveland,  but  to  the  buHiness  interests  of  the  country  at  large.  It 
ascertained  and  established  fact  that  Cleveland  is  the  assembling  point  for 
ials  in  certain  lines  of  manufacture  which  are  dependent  upon  cheap  water 
lortation  for  their  existenci^  The  available  territory  has  been  occupied,  and 
:tension  of  these  lines  of  bnsiness  depends  upon  furnishing  protection  to  our 
ront  as  a  receiving  and  shipping  point  west  of  the  river, 
le  this  is  a  matter  of  extreme  importance  to  Cleveland  as  a  city,  your  commit- 
not  base  their  recommendation  upon  any  advantage  to  local  property  owners, 
n  upon  advantage  to  the  city;  but  we  desire  to  report  that,  as  a  lake  receiving 
lipping  port,  Cleveland  has  reached  a  point  at  which  enlargement  is  absolutely 
ed  for  the  aocoumiodation  of  existing  business,  which  can  only  be  obtained 

1  extension  of  the  east  breakwater.  There  is  no  question  that  the  business  to 
le  there,  which  to-day  would  exceed  half  a  million  tons,  would,  within  a  very 
/ime,  be  increased  tenfold.    In  this  connection  your  committee  desires  to  sub- 

an  early  date  a  supplementary  report,  showing  the  magnitude  of  the  interests 
id  and  the  prospective  invrease  in  water  traffic  in  the  event  of  suitable  protec- 
Bing  furnished. 
be  chief  center  of  the  shipbuilding  and  shipowning  interests  of  the  Great  Lakes, 

chief  center  of  the  Iron  and  steel  industry  and  lake  coal  trade,  the  fact  is 
he  small  inner  harbor  of  Cleveland  has  been  outgrown,  notwithstanding  the 
liture  during  the  last  yearof  half  a  million  dollars  by  the  city  in  tbeimprove- 
of  the  river.    Great  interests  not  located  in  Cleveland,  but  the  business  of 

mnst  center  here  or  suffer  great  loss,  depend  upon  a<lequate  facilities  at  this 
»r  the  transaction  of  the  commerce  naturally  gravitating  to  this  city,  and  your 
ttee  can  see  no  possible  means  of  accommodating  this  traffic,  except  by  extend- 
B  breakwater  easterly,  not  as  a  local  improvement,  but  for  the  accommodation 
iinerce  in  which  many  cities  and  millions  of  our  people  have  a  direct  and 
^Dt  interest. 

r  committees  distinctly  recommend  against  an  independent  breakwater  and 
the  extension  of  the  east  breakwater  substantially  parallel  with  the  shore. 
9ly  the  manner  in  which  this  slionld  be  done  is  an  engineering  question,  but 
lid  not  be  done,  in  the  Judgment  of  your  committees,  in  any  such  manner  as 
imit  the  breakwater  by  any  means  to  its  now  projected  dimensions  or  prevent 
ension  as  a  continuous  whole  a  considerable  distance  farther  east  than  is  now 
•dfor. 
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planned  is  not,  however,  at  present  reqoired.  The  discussion  in  this 
report  is  therefore  restricted  to  the  necessity  for  modifying  present 
plans  with  reference  to  probable  requirements  of  the  future. 

Examining  the  present  plan  of  east  breakwater  and  the  proposed 
modification,  with  reference  to  the  resi>ective  advantages  ofilered  for 
future  development  of  the  harbor  eastward  should  it  be  required,  we 
find: 

That  a  face  of  the  lake  front  of  breakwaters  when  prolonged  east- 
ward is  in  general  as  much  as  3,750  feet  outside  of  the  shore  line,  which 
is  about  1,000  feet  farther  into  the  lake  than  the  average  distance  of 
west  breakwater  from  shore.  The  harbor  line  heretofore  established, 
affording  room  for  an  anchorage  outside  of  the  wharves,  is  1,700  feet 
inside  of  the  inner  face  of  the  breakwaters,  and  that  distance  is  ample 
for  every  reasonable  demand  of  the  future.  Very  few  vessels  anchor  in 
the  harbor,  and  generally  those  few  are  small  pleasure  craft,  with  an 
occasional  large  vessel  which  lies  at  anchor  because  out  of  employment. 
The  distance  between  harbor  line  and  breakwater  is  about  four  times 
the  length  of  the  largest  vessels  at  present  plying  on  the  lakes.  It 
therefore  affords  ample  room  for  turning  or  otherwise  handling  vessels 
with  reasonable  care. 

If  we  assume  that  the  breakwater  is  to  be  prolonged  eastward  in  a 
direct  line  and  that  the  harbor  line  to  be  established  shall  be  at  the 
same  distance  from  breakwater  as  before,  its  extension  eastward  would 
be  in  water  from  26^  to  31  feet  deep,  and  an  average  depth  of  more  than 
29  feet. 

It  is  not  at  all  probable  that  any  necessity  for  depths  greater  than  20 
feet  on  wharf  fronts  will  arise  for  many  years  to  come,  and  should  such 
a  necessity  arrive  the  greater  depth  could  be  more  cheaply  obtained  by 
dredging  than  by  extending  the  wharves  farther  into  the  lake.  The 
contour  of  1^0  feet  depth  in  the  lake  east  of  the  harbor  limit  heretofore 
planned  is  at  an  average  distance  less  than  1 ,000  feet  from  shore.  This 
would  leave  a  space  more  than  half  a  mile  wide  between  the  outer  ends 
of  wharves  and  the  rectilinear  breakwater,  a  width  which  is  not  only 
unnecessary  but  injurious,  because  of  the  room  it  affords  within  the 
harbor  itself  to  raise  a  sea  sufQcient  to  prevent  vessels  from  lying 
quietly  at  wharves  during  heavy  northeasterly  storms. 

The  line  of  lake  front  of  the  breakwater  prolonged  eastward,  being 
farther  from  shore  than  the  part  now  completed,  is  also  in  water  of  a 
greater  depth,  so  that  the  cost  of  construction  on  that  line  would  be 
considerably  increased. 

From  the  eastern  terminus  of  the  breakwater  heretofore  planned 
let  a  line  be  drawn  eastward  and  parallel  to  the  prolongation  of  lake 
front  of  breakwaters;  it  will  be  at  an  average  distence  of  nearly  2,700 
feet  from  shore  and  in  water  generally  33  feet  deep.  If  we  assume  that 
the  breakwater  may  be  extended  eastward  upon  that  line  after  the 
structure  heretofore  planned  has  been  completed,  and  that  the  extended 
h»rbor  line  be  located  1,700  feet  inside  of  the  breakwater,  as  before,  the 
limit  thus  established  for  wharves  will  be  at  a  distance  of  nearly  1,200 
feet  from  shore  and  in  water  having  an  average  depth  of  about  22  feet. 
Tbese  conditions  of  depth  and  breadth  are  more  than  enough  to  satisfy 
every  necessity  of  the  immediate  future,  and  to  provide  for  all  probable 
necessities  of  any  period  more  remote. 

Tbe  points  with  reference  to  the  advisability  of  modifying  the  plan  of 
breakwater  in  such  manner  as  to  extend  it  eastward  on  a  straight  line 
may  ^  briefly  summarized: 

First.  Such  a  modification  would  greatly  increase  the  exposure  of 
wliarves  and  anchorage  to  northerly  and  northeasterly  storms. 


2732      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 

Second.  The  expense  for  the  same  lengiih  of  breakwater  wonid  be 
considerably  increased  becaase  of  the  greater  depths. 

Third.  In  case  of  a  farther  extension  eastward  on  the  same  line,  the 
harbor  would  still  have  increased  exposure  to  the  north  and  northeast, 
and  at  a  greater  cost  than  if  built  nearer  shore. 

Fourth.  The  width  between  breakwater  and  ends  of  wharves  would 
be  too  great. 

Fifth.  The  cost  of  protecting  the  harbor  from  northeast  storms  by  a 
shore  arm,  which  would  ultimately  be  required,  would  be  greater  than 
if  the  breakwater  were  built  nearer  shore. 

Sixth.  An  extension  eastward  from  the  end  as  heretofore  planned 
would  afford  much  better  protection  to  wharves  and  anchorage  at  all 
times,  would  cost  less,  would  afford  ample  room  between  wharves  and 
breakwater,  and  would  be  nearly  1)00  feet  nearer  shore,  with  a  corre- 
sponding decrease  in  the  cost  of  a  shore  arm  to  protect  the  harbor  from 
northeasterly  storms. 

Other  points  to  the  same  effect  might  be  mentioned,  but  the  forego- 
ing are  sufficient  to  indicate  that  it  is  not  advisable,  either  with  refer- 
ence to  present  necessities  or  future  requirements,  to  abandon  the  cod- 
struction  of  the  shore  arm  of  breakwater  as  heretofore  planned,  and  in 
lieu  thereof  to  extend  the  breakwater  eastwardly  in  a  general  direction 
parallel  with  the  shore. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Colonely  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U,  &  A. 


REPORT  OF  MR.  WILLIAM  T.   BLUNT,  ASSISTANT  RNGINKKR.  , 

Toledo,  Ohio,  Jan  vary  IS,  1897, 

Sir:  I  have  the  honor  to  transmit  in  separate  roll  a  maniiRcript  chart,  scale  ^oW* 
of  a  Hiirvey  at  Cleveland  Harbor  made  in  September,  18S6,  in  compliance  with  year 
orders  issued  under  the  provisions  of  the  river  and  harbor  act  of  June  3,  1896. 

SURVEY  AND  CHART. 

Triangulation. — Several  of  the  old  point«  of  1884  and  1892  were  fonnd  and  utilized. 
A  new  base  was  measured  on  west  breakwater  and  reduced  to  standard  length. 
East  of  Erie  street  the  two  points  A  Otis  and  A  Intake  were  determined  bj  use  of 
a  buoy  anchored  in  the  lake  and  carefully  observed  on  but  not  itself  occupied. 
These  points  are,  therefore,  located  only  sufficiently  for  use  in  general  work.  The 
true  meridian  was  obtained  by  observation  on  polaris  at  east  breakwater  and  is 
probably  less  than  IC  in  error.  A  check  on  this  was  obtained  at  the  true  meridisn 
monuments  set  in  Marine  Hospital  grounds  by  the  United  States  Coast  and  Geodetic 
Survey. 

Shore  location. — A  survey  by  transit  and  stadia  was  carried  along  the  shore  locst> 
in;;  prominent  objects,  bluff  lines  and  heights,  sounding  ranges,  etc.,  and  checking 
on  triangulation  points.    This  was  carriedS  miles  east  of  the  piers. 

Soundings. — The  soundings  covered  the  area  extending  from  the  new  PennsylTSof^ 
Company  docks  to  1,600  feet  east  of  Case  avenue,  a  total  distance  of  13,200  feet^tsd. 
outward  4,000  to  6,000  feet  from  shore.  They  were  taken  on  nearly  parallel  rtn|t» 
normal  to  the  general  shore  line,  200  feet  apart  until  the  old  dumping  ground  at  1^^ 
street  and  the  present  projected  location  of  breakwater  were  covered,  then  400  ft^t 
apart  until  the  present  anmping  ground  oif  Case  avenue  was  covered.  These  raof^ 
lines  were  marked  by  flags  and  carefully  located  by  transit.  Soundings  were  Uk^ 
from  either  a  small  bout  or  the  steamer  running  along  these  ranges,  ancf  were  locat^o- 
on  the  ranges  by  sextant  angles,  the  outer  ends  of  lines  being  tested  by  two  ortbrj^ 
sextant  angles.  A  rod  was  used  in  water  less  than  22  feet  deep,  reading  to  *•"*? 
of  a  foot,  and  a  tested  lead  line  in  greater  deptha,  reading  to  one-half  foot   Ab<^*  | 


I 
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* 

5,O0Q  BonndiDgs  were  taken  on  upward  of  42  miles  of  ranges,  thns  ayeraging  abont 
45  feet  apart,  bat  in  shoal  water  being  about  25  feet  apart. 

Jkoring»» — Thirty-two  borings  were  made  at  interyals  along  the  line  of  projected 
breakwater,  and  on  the  prolongation  of  that  already  built,  as  far  east  as  Case  avenue. 
They  were  made  with  a  small  steel  rod,  forced  by  hand  into  the  bottom.  While  it 
is  usually  easy  to  determine  the  change  from  mud  to  sand,  to  gravel,  and  to  clay,  the 
determination  was  nearly  always  verified  by  material  adhering  to  the  rod.  Gener- 
ally the  rod  was  forced  2  to  3  feet  into  the  clay. 

'hme, — Work  was  much  delayed  during  shore  winds  or  calms  by  heavy  smoke  from 
the  city,  and  also  by  several  heavy  winds  from  the  lake.  Time  consumed  was  from 
September  11  to  26 ;  without  the  steamer  and  its  trained  orew  the  work  would  have 
consumed  at  least  twice  the  time. 

Chart. — Triangulation  and  transit  points  were  reduced  by  latitude  and  departure 
to  a  plane  rectangular  projection  and  so  platted,  fiUine  in  being  by  polar  coordi- 
nates and  intersections.  Depths  and  elevations  were  reduced  to  mean  level  of  Lake 
Erie,  1860-1875.  Contours  of  depth  are  drawn  at  each  foot.  True  meridian  is  found 
to  be  1^  38'  15^'  east  of  the  magnetic  meridian  assumed  in  1890  and  used  on  charts 
made  since  that  time.  The  entire  woik  is  platted  on  one  sheet  to  a  scale  of  Ttttf^-  ^t 
connects  with  and  overlaps  that  done  in  June,  1896,  about  the  mouth  of  the  harbor, 
whioh  was  platted  on  a  scale  rijn^ 

•  •  •  •  •  • 

Very  respectfully,  Wm.  T.  Blunt, 

V*  8.  AisUtant  Engineer, 
Lieut.  Col.  Jared  A.  Smith, 

Corps  of  Engineers,  U.  8,  A 


M  M  19. 

establishment  of  harbor  lines  at  sandusky  harbor,  ohio. 

Sandusky,  Mansfield  and  Newark  Bailroad  Company, 

Sanduskyy  OhiOj  January  17j  1898, 

The  president  and  receivers  of  the  Sandusky,  Mansfield  and  Newark 
Road  hereby  make  application  for  the  establishment  of  a  harbor  line  at 
Sandusky,  it  being  the  desire  of  this  company  to  extend  their  docks. 

They  respectfully  petition  that  the  harbor  line  be  located  as  shown 
on  the  inclosed  plans.*  This  proposes  moving  the  channel  at  that  point 
100  feet  farther  into  the  bay,  and  if  the  petition  is  granted  the  presi- 
dent and  receivers  obligate  themselves  to  do  the  necessary  dredging  to 
the  satisfiaction  of  the  engineers  of  your  Department  before  obstruct- 
ing in  any  way  the  channel  as  now  located. 
Respectfully, 


The  Secretary  of  War. 

[Second  indorsement.] 


Jay  O.  Moss,  Receiver. 


Office  Chief  of  Engineers, 

U.  S.  Army, 
January  21, 1898. 

Bespectfitlly  referred  to  Ool.  Jared  A.  Smith,  Corps  of  Engineers,  for 
report. 

If,  in  Colonel  Smith's  opinion,  harbor  lines  should  be  established  at 
this  locality,  he  will  please  submit  a. tracing  showing  the  lines  recom- 
mended for  adoption. 
To  be  returned. 
By  command  of  Brig.  Gen.  Wilson: 

A.  Mackenzie, 
Lieut  OoLf  Corps  of  Engineers. 

*  Not  printed. 
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(Thlid  IndoneDieBt.] 

IT.  S.  Engineer  Office, 
Cleveland^  OhiOy  January  25, 1898.        j 

^  Bespectfnlly  returned  to  the  Ohief  of  Engineers  with  a  separate 
letter  and  tracing.* 

Jared  a.  Smith, 
Oolonelj  Corps  of  Engineers. 

[Fourth  indonemant.] 

Office  Ohief  of  Engineers, 

U.  S.  Army, 
February  i,  1898. 

Eespectfully  returned  to  the  Secretary  of  War. 

The  Sandusky,  Mansfield  and  Newark  Eailroad  Company,  by  Jay  O. 
Moss,  receiver,  requests  that  harbor  lines  be  established  at  Sandusl^ 
Harbor,  Ohio. 

Col.  Jared  A.  Smith,  Corps  of  Engineers,  who  has  charge  of  the 
improvement  of  this  locality,  has  investigated  the  subject,  and  atten- 
tion is  invited  to  his  report  of  the  25th  ultimo,  herewith. 

I  recommend  that  the  line  proposed  by  Colonel  Smith,  shown  by  the 
broken  black  line  on  the  accompanying  tracing,  be  established  as  a 
pierhead  line  and  that  that  portion  of  the  line  at  intersection  of  the 
dock  chMinel  and  straight  channel  be  adopted  conditionally  upon  com- 
pletion by  the  railroad  company  of  the  dredging  opposite  its  docks 
necessary  to  widen  the  channel  as  shown  on  the  map,  and  that  no 
modification  or  extension  of  wharves  at  that  place  be  permitted  until 
such  dredging  shall  have  been  completed. 

The  tracing  has  been  prepared  for  the  signature  of  the  Secretary  of 
War. 

John  M.  Wilson, 
Brig.  Oen,,  Chief  of  Engineers, 

If.  8.  Army. 

[Fifth  indonemeiit.] 

War  Department, 

February  14, 1898. 

Approved  as  recommended  by  the  Chief  of  Engineers. 

O.  D.  Meiexejohn, 

Acting  Secretary  of  War. 


report  of  col.  jared  a.  smith,  corps  of  engineers. 

IJnitbd  States  Engineer  Office, 

Cleveland,  Ohio,  January  25, 1898. 

General:  Beferring  to  second  and  third  indorsements  on  letter  of 
J.  O.  Moss,  dated  Sandusky,  Ohio,  January  17, 1898, 1  have  the  honor 
to  submit  the  following  statement  and  recommendation  regarding  the 
establishment  of  a  harbor  line  at  Sandusky,  Ohio: 

It  has  for  several  years  been  apparent  that  the  establishment  of  a 
harl  or  line  along  the  principal  wharf  front  of  Sandusky  Harbor  is 
desirable,  becciuse  it  would  permit  of  various  modifications  or  exten- 

*  Not  printed. 


APPENDIX  M  M — REPORT  OF  COLONEL  SMITH.     2735 

fAons  of  most  of  the  wharves  without  the  necessity  of  obtaining  author- 
ity from  the  Secretary  of  War  in  each  particular  case. 

This  application  is  on  the  part  of  the  Sandusky,  Mansfield  and  Newark 
Bailroad  Company,  and  has  been  made  for  the  special  purpose  of 
enabling  the  company  to  increase  its  shipping  facilities  by  the  exten- 
sion northward  of  one  or  more  of  its  wharves. 

I  was  consulted  upon  the  subject  some  weeks  ago  and  informed  the 
officers  of  the  company  that  authority  from  the  Secretary  of  War  would 
be  required,  and  indicated  my  opinion  that  such  authority  would  not 
be  granted  save  on  such  conditions  as  should  prevent  iiyury  to  the 
channel  or  to  the  rights  of  other  riparian  owners. 

To  prevent  injury  to  the  channel  and  to  riparian  rights  west  of  the 
railway  company's  wharves,  the  company  proposes  in  advance  of  the 
extension  to  its  wharf  to  widen  the  chann^  somewhat  more  than 
the  additional  length  to  which  the  wharf  will  be  extended,  as  shown 
uiK>n  the  blue  print,  and  the  consent*  of  all  riparian  owners  who  might 
otherwise  be  ^ected  by  a  change  in  the  lines  of  channel  at  that  angle 
has  been  obtained  and  presented  in  triplicate,  •  •  •  accompanied 
by  a  statement*  of  lots  also  in  triplicate.    •    •    • 

In  a  separate  roll  I  forward  a  tracing  of  the  principal  part  of  the 
wharf  front  of  the  city,  showing  the  channel  which  is  partially  dredged 
and  the  line  recommended  for  adoption  as  a  harbor  line. 

I  recommend  that  the  harbor  line  at  intersection  of  dock  channel 
and  straight  channel  be  adopted  conditionally  upon  the  completion  of 
dredging  by  the  railroad  company  to  widen  the  channel  as  shown  upon 
the  tracing;  that  no  modification  or  extension  of  wharves  at  that  place 
be  permitted  until  the  dredging  shall  have  been  completed.  In  order 
that  this  ofiQtee  may  know  when  the  dredging  is  properly  completed,  it 
should  be  done  under  supervision  of  an  inspector  employed  by  this 
ofBce  but  paid  by  the  company,  the  inspector  rendering  all  reports  in 
the  same  manner  as  though  the  work  were  done  by  and  for  the  United 
States. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  Smith, 
Oolonelj  Carps  of  Engineers. 
Brig.  Gton.  John  M.  Wilson, 

Chief  of  Engineers^  XT.  8.  A. 

*  Not  piintod. 
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idPROVEMENT  OP   ERIE   HARBOR,   PENNSYLVANIA,   AND    OP  CERTAIN 
RIVERS  AND  HARBORS  IN  WESTERN  NEW  YORK. 


£POnT  OF  MAJ.   r.    JT.  STMONS,    CORPS  OF  ENGINEERS,  OFFICER  IN 
CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  SO,  1893,  WITH  OTHER 
DOCUMENTS  RELATING  TO  THE  WORKS. 

IMPROVBMENTS. 


Erie  Harbor,  PennBylyania. 
Harbor  at  Dunkirk,  N.  Y. 
Buffalo  Harbor,  New  York. 
Tonawauda  Harbor  and  Niagara  River, 
New  York. 


5.  Niagara  River  from   Tonawanda   to 

Port  Day,  N.  Y. 

6.  Wilson  Harbor,  New  York. 


United  States  Engineer  Oppiob, 

Buffalo^  N.  r.,  July  12^  1898. 

General.:  I  have  the  honor  to  forward  herewith  annual  reports  and 
ummaries    •    •    •    on  the  following  works  in  my  charge: 

•  •••••• 

Very  respectfully,  your  obedient  servant, 

T.  W.  Symons, 
Major i  Corps  of  Engineers, 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U,  8.  A, 


N  N  X. 

IMPROVEMENT  OF  ERIE  HARBOR,  PENNSYLVANIA. 

Original  condition, — In  its  original  condition  tlie  harbor  of  Erie  was 
andlocked,  the  only  entrance  being  to  the  east.  The  channel  leading 
D  and  out  was  narrow  and  tortuous,  variable  in  position,  and  with  a 
[epth  of  only  about  6  feet. 

Project  for  improvement, — ^The  project  for  the  improvement  of  the 
arbor  as  originally  prepared  in  1823  and  approved  in  1824  (at  which 
[Die  the  entrance  to  the  bay  was  narrow  and  tortuous  and  only  6  feet 
I  depth)  provided  for  closing  all  of  the  eastern  end  of  the  harbor  by 
teans  of  a  breakwater  in  which  should  be  left  an  opening  200  feet  wide, 
Qd  for  extending  to  deep  water  in  the  lake  two  parallel  piers,  one  ou 
ich  side  of  the  opening.  This  project  is  substantially  in  force  at  the 
JOJO  98 ^172  2737 
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present  time,  excepting  that  the  piers  are  360  feet  apart.  It  is  nnder- 
stood  that  the  project  inclndes  the  necessary  work  of  dredging  to  keep 
the  channel  open  to  the  required  width  and  depth,  to  make  the  required 
repairs  to  existing  structures,  buxA  to  do  such  work  as  may  be  found  nec- 
essary from  time  to  time  for  the  preservation  and  care  of  Presque  Isle 
Peninsula.  This  peninsula  is  the  outer  inclosure  of  the  harbor  of  Erie, 
which  is  a  landlocked  bay  about  5  miles  long,  having  a  maximum  width 
of  1^  miles.  The  peninsula  is  a  low  sand  formation  about  6  miles  long, 
varying  in  width  from  300  feet  at  the  ^^neck"  to  1^  miles  at  its  widest 
part.  The  ^^  neck  "  is  about  2  miles  long  and  joins  the  body  of  the  penin- 
sula to  the  mainland  at  its  western  end. 

The  preservation  of  the  peninsula  is  of  vital  importance  to  Erie  Harbor, 
and  it  is  for  the  purpose  of  preserving  the  harbor  that  the  protection  of 
the  weak  parts  of  the  peninsula  have  been  deemed  necessary.  The  weak 
portion  is  the  long  narrow  neck  at  the  western  end.  The  object  for 
which  all  the  works  of  protection  have  been  constructed  is  the  preven- 
tion of  a  breach  through  this  narrow  neck.  The  danger  exists  during 
severe  storms  from  the  westward. 

At  the  present  time  there  are  no  protection  works  except  a  few  dilapi- 
dated pile  jetties  no  longer  of  service,  and  the  main  line  of  piles,  mat- 
tresses, and  stone  ballast  on  mattresses  of  the  shore  protection  con- 
structed in  1889. 

During  the  past  year  there  has  been  considerable  erosion  along  the 
neck  of  the  peninsula,  mainly  near  its  junction  with  the  mainland  and 
at  the  upper  end  of  the  shore  protection  work  built  in  1889.  For  a  mile 
along  the  westerly  end  of  the  body  of  the  peninsula  pronounced  erosion 
occurred.  The  old  pile  jetties  normal  to  the  shore  have  disappeared, 
and  the  old  pile  protection  near  them  now  stands  at  least  75  feet  out 
from  the  shore  line.  A  cutting  of  probably  50  feet  occurred  for  a  part 
of  the  distance.  A  matter  of  interest  is  that  the  cutting  away  of  the 
bluflf  bank  has  uncovered  many  large  trees,  very  well  preserved,  whicb 
formerly  must  have  grown  on  ground  at  about  the  mean  level  of  Lake 
Erie.  Above  this  buried  forest  growth  the  present  forest  of  large  trees 
has  grown. 

There  appears  to  have  been  no  erosion  along  the  remainder  of  the 
peninsula,  except  at  the  old  pile  jetty  at  the  eastern  extremity,  where 
severe  erosion  has  occurred.  The  advance  of  the  northeasterly  shore 
line  of  the  peninsula,  and  also  the  accumulation  of  sand  just  above  the 
north  pier,  continue  as  heretofore. 

Oljects, — ^The  objects  of  the  improvement  made  are — 

1.  To  protect  the  harbor  from  severe  winds  frt>m  the  east  and  north- 
east. 

2.  To  obtain  and  maintain  a  channel  between  deep  water  in  the  har 
bor  and  the  open  lake,  16  feet  deep  at  low  water  and  of  navigable  width. 

3.  To  prevent  the  filling  up  and  damage  to  the  harbor  by  keeping 
the  peninsula  intact. 

Present  works. — ^The  present  works,  which  require  to  be  maintained, 
consist  of— 

1.  A  breakwater  lying  in  a  north  and  south  direction  from  the  main 
shore  to  the  south  side  of  the  entrance  channel. 

2.  A  pier  on  the  south  side  of  the  entrance  channel  nearly  east  and 
west  in  position. 

3.  A  pier  on  the  north  side  of  the  entrance  channel  nearly  parallel 
with  and  360  feet  distant  from  the  pier  above  mentioned. 

A  north  breakwater  from  the  north  pier  to  the  main  x)ortion  of  the 
penlosola  was  »lso  built^  but  in  has  fulfilled  all  its  functions,  is  boned 
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accamnlations  of  sand,  and  needs  no  farther  consideration  or 
Mutenance. 

In  1883  there  was  also  bmlt  a  sand-catcli  jetty  abont  3,000  feet  north  of 
e  channel  entrance,  bat  it  never  fulfilled  its  parpose  and  is  badly 
"ecked.  and  it  is  not  proposed  to  repair  it.  It  is  hardly  to  be  classed 
one  01  the  harbor  works. 

Hie  piers  and  breakwater  consist  of  timber  crib  work,  filled  with 
)ne  and  covered  with  a  pine-plank  deck. 

The  sand-catch  jetty  consisted  of  a  single  row  of  piles  driven  close 
^ether  and  bound  with  oak  walings. 

A  large  amount  of  work  was  done  in  former  years  at  the  neck  of  the 
ninsnla  in  building  pile  jetties,  shore  protection,  crib  work,  sand 
ices,  etc.,  but  these  works  have  either  folfilled  their  objects  and  are 
tried  in  the  sands,  or  have  been  wrecked,  and  are  not  considered 
)rthy  of  maintenance. 

During  the  spring  of  1896  some  2,000  young  trees  and  cuttiugs  were 
t  out  on  the  neck  of  the  peninsula  with  a  view  of  thickening  the 
owthf  arresting  the  driftiug  sand,  and  augmenting  the  width  and 
isiug  the  height  of  the  neck,  thus  increasing  its  power  to  resist  ero- 
>n,  and  so  lessening  the  liability  of  a  breach  in  times  of  high  water 
id  severe  storms.  These  trees  as  a  whole  did  very  well,  particularly 
e  locnsts,  which  developed  bushy  tops,  good  roots,  and  a  sturdy 
t>wth. 

Baring  the  spring  of  1897  2,400  more  yellow-locust  trees  were  planted, 
hich  have  thriven  very  well,  and  during  the  spring  of  1898,  2,000 
>ney-locust  tiees  and  200  willow  cuttings  were  planted.  This  plant 
rowth  is  regarded  as  an  important  part  of  the  harbor  works  and  is 
uder  constant  care  and  maintenance. 

Original  estimate  of  cost — ^The  original  estimated  cost  of  the  existing 
n>ject  can  not  well  be  determined,  and  would  be  of  little  value,  as  the 
n>ject  has  been  modified  and  changed  many  times,  and  the  cost  of 
>D8traction  and  maintenance  could  hardly  be  separated. 
The  total  amount  expended  by  the  General  Government  on  the 
aprovement  of  Erie  Harbor  to  June  30, 1897,  was  $910,462.91,  and  the 
inomit  expended  during  the  fiscal  year  ending  June  30,  1898,  was 
'^jl77.36« 

REPORT  OF  OPERATIONS. 

Repairs  to  piers  and  breakwater. — Only  minor  repairs  to  the  decks  of 
^^  structures  were  made  during  the  year.  The  repairs  were  begun 
^pril  25  and  completed  May  2, 1898,  at  a  cost  of  $33.59  for  materials 
^d  $27.06  for  labor.  The  structures  have  remained  intact  with  these 
^ight  repairs,  but  the  superstructures  of  the  older  part  of  the  north 
^^i  south  piers  and  of  the  entire  south  breakwater  are  fast  reaching  a 
'ondition  which  will  require  extensive  rebuilding. 

Ihedging. — During  the  autumn  of  1897  a  shoal  with  only  15  to  16  feet 
f  water  over  it  developed  in  the  outer  channel  outside  of  the  piers, 
^nder  the  existing  contract  with  Garkin,  Stickney  &  Gram,  of  Detroit, 
tich.,  the  removal  of  this  shoal  was  begun  on  May  2  and  completed  on 
tay  28, 1898.  The  total  quantity  of  material  dredged  was  6,535  cubic 
uds,  scow  measure,  and  the  cost  of  the  dredging  $1,110.95.  The 
aterial  was  sand.  This  work  again  placed  the  channel  in  good  con- 
tion  throughout,  and  at  the  close  of  the  fiscal  year  it  was  not  less 
an  16  feet  deep  at  low  water  for  its  full  width  of  300  feet. 
Surveys. — No  surveys  were  made  during  the  year.  An  examination 
the  entrance  channel  was  made  April  22-26, 1898.    This  examina- 
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tion  showed  the  channel  to  be  in  good  condition  except  across  the  shoal 
in  the  outer  channel,  which  shoal  was  removed  as  above  noted. 

Observations  of  velocities  of  currents  in  entrance  channel. — ^In  com- 
pliance with  instructions  contained  in  a  letter  from  the  Chief  of  Engi- 
neerSy  dated  April  16,  1897,  a  series  of  observations  was  made  for 
determining  the  velocities  of  currents  through  the  entrance  channel 
between  the  piers.  These  currents  are  caused  by  the  changes  of  water 
level  in  the  lake  and  harbor,  due  to  various  meteorological  causes,  and 
the  observations  were  for  the  purpose  of  determining  the  frequency 
and  intensity  of  the  currents  and  their  influence  on  navigation  through 
the  channel. 

The  observations  were  begun  on  June  15  and  concluded  on  November 
30, 1897.  A  report  of  the  observations,  with  a  tabulation  of  the  results 
obtained,  was  submitted  on  December  8,  1897,  and  is  given  herewith: 

United  Statbs  Enginebr  Offics, 

Buffalo f  K  Y.f  Deoew^er  8, 1SS7. 

GsKBRAL :  In  sooordance  with  the  inBtmctions  contained  in  yonr  letter  of  April  IBt 
1897, 1  have  the  honor  to  snhmit  the  following  report  on  current  velocitiee  between 
the  piers  at  Erie,  Pa.,  supplemental  to  my  report  of  May  24, 1897,  on  the  results  of 
the  survey  of  Erie  Harbor,  Pennsylvania,  under  the  provisions  of  the  act  of  June  S, 
1896. 

The  observations  of  current  velocities  were  made  with  rod  floats  8  feet  long  over 
a  base  line  1,000  feet  long,  extending  inward  from  the  outer  end  of  the  south  pier. 
The  floats  were  timed  at  the  extremities  of  the  base  line  and  also  at  its  middle 
point,  thus  giving  velocities  over  two  500-foot  intervals  and  a  check  on  the  timing 
of  floats. 

The  location  of  the  course  traversed  by  the  floats  is  shown  on  the  accompanying 
sketch  and  the  results  of  the  observations  on  the  accompanying  tables  of  velooitiea, 
one  table  for  currents  inward  and  one  for  currents  outward.  The  observations  began 
on  June  15,  1897,  and  continued  to  November  SO,  1897.  During  this  time  a  constant 
watch  was  maintained  during  the  hours  of  daylight,  and  whenever  a  current  through 
the  channel  was  noticeable  the  floats  were  set  and  observations  made. 

The  flow  was  of  course  intermittent  and  in  either  direction,  depending  upon  the 
change  of  water  level  due  to  wind  or  other  meteorological  causes.  The  Hght-honM 
keeper  and  captain  of  the  life  saving  station,  who  live  at  the  pier  and  are  well  con- 
versant with  tne  current  movement  through  the  channel  and  who  assisted  thronghoat 
the  season  in  taking  the  observations,  state  that  "the  current  changes  every  hour  or 
two;  it  runs  in,  then  stops,  then  ruus  in  again.  Sometimes  it  turns  and  runs  oat, 
then  turns  and  runs  in  again.  The  current  runs  curiously ;  it  wiU  run  for  an  hoar, 
then  stop,  then  run  in  on  the  north  side  and  out  on  the  south  side/' 

The  duration  of  flow  in  one  direction  was  variable,  ranging  from  less  than  on« 
hour,  sometimes  only  a  few  minutes,  to  several  hours,  and  averaging  about  one  hoar. 

The  number  of  times  the  current  was  observed  was  60  during  the  hours  of  daylight 
for  a  period  of  one  hundred  and  sixty-eight  days.  Only  wel^defined  currents  were 
tested  with  the  floats.  Assuming  that  well-defined  currents  occur  as  frequently  st 
night  as  in  the  daytime,  we  would  have  120  well  defined  flows  of  current  in  one 
hundred  and  sixty-eight  days,  and  at  an  average  duration  of  flow  of  one  hour,  such 
currents  would  prevail  in  the  channel  about  3  per  cent  of  the  time. 

The  tables  show  that  the  currents  are  moderate  as  a  rule*,  and  that  the  current 
inward  from  the  lake  is  about  twice  as  rapid  on  an  average  as  the  current  outward 
toward  the  lake. 

Basing  calculations  upon  the  percentage  of  time  that  currents  prevail  as  shown 
above,  uie  observations  indicate  that  currents  exceeding  3  miles  per  hour  are  inward 
and  occur  rarely— only  a  small  fraction  of  1  per  cent  of  Uie  time;  currents  between  3 
and  3  miles  per  hour  are  generally  inward  and  occur  less  than  1  per  cent  of  the  time; 
currents  between  1  and  2  miles  per  hour  are  generally  inward  and  occur  lees  than  1 
per  cent  of  the  time ;  and  currents  less  than  1  mile  per  hour,  which  are  the  rnling 
currents  outward  and  the  most  prevalent  currents  inward,  occur  about  1  per  cent  <h 
the  time. 

The  velocities  obtained  on  November  5  and  6  are  remarkable,  and  were  secared 
most  opportunely  during  the  severest  storm  of  the  season.  The  light  keeper  at  the 
pier  says  it  was  **  the  strongest  current  he  has  seen  for  some  years.^ 

This  series  of  velocity  observations  was  undertaken  because  of  a  complaint  thst 
the  present  entrance  channel  is  too  narrow,  causing  at  times  dangerously  swift  onr- 
rents.  Near  the  end  of  my  report  of  May  24, 1897,  on  the  survey  of  Erie  Harbor, 
Pennsylvania,  occurs  this  paragraph : 
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"If  a  carefal  stady  of  conditions  should  show  conolusively  that  the  entrance 
ehsnoel  is  too  narrow,  the  above  outlined  project  would  be  changed  by  replacing 
the  south  pier  by  one  farther  south.'' 

The  channel  between  the  piers  at  Erie  is  390  feet  wide  at  the  outer  end  of  the 
louth  pier,  narrowing  to  350  feet  at  its  narrowest  part,  as  shown  in  the  accompany- 
ing sketch.  The  Telocity  obseryations  lead  to  the  conclusion  that  strong  currents — 
Tiz,  currents  of  3  miles  or  more  per  hour — are  a  rarity  and  not  such  as  could  be 
oslied  dangerous  to  yessels  of  the  types  prevailing  on  the  lakes  and  engaged  in  com- 
merce at  Erie. 

Accidents  to  vessels  due  to  currents  in  the  entrance  channel  have  been  rare  and 
never  of  a  serious  nature.  Once  in  a  while,  averaging,  perhaps,  once  a  season,  a 
tow  barge  will  sheer  into  the  piers,  due  to  the  currents,  and  receive  slight  damage 
or  slightly  damage  the  piers,  but  steam  vessels  properly  handled  are  not  liable  to 
SQch  acoidents  and  do  not  meet  with  them. 

Moreover,  it  is  very  (questionable  if  any  reasonable  widening  of  the  entrance 
duumel  at  Erie,  Pa.,  which  is  now  one  and  a  half  times  as  wide  and  conmiodious  as 
the  geneitility  of  lake  harbor  entrances,  would  reduce  the  current  velocities 
materially. 

I,  therefore,  would  deem  it  inadvisable  and  unjustifiable  to  change  the  project 
ratlined  in  my  report  by  a  provision  for  a  wider  entrance  channel. 
Very  respectfully,  your  obedient  servant, 

Thomas  W.  Stmons, 

MajoTf  Corps  of  Engineen. 

Brig.  (Sen.  John  M.  Wilson, 

Ckisf  of  Engineers,  U.  8.  A. 
(Through  the  Division  Engineer.) 

^H^eervoHan  of  ourrent  velooiiiee  through  entrance  channel  at  Erie  Harbor,  Pennsylvania, 

CT7RBENTS  OUTWARD. 


No.  of 

float. 

Dietanoe 

Veloc- 

Date. 

Rav- 

Time. 

ity  per 

Bemarke. 

ened. 

hoar. 

1887. 

MUes. 

ime  ao 

600 

14-17 

0.80 

Set  float  900  feet  from  north  pier;  drifted  to  north  pier 

98 

600 

ie-54 

.88 

after  goins  500  feet 
Set  in  imd-ohannel;  drifted  to  north  pier  after  going  600 

feet. 
Set  in  mid-channeL 

29 

1.000 

12-18 

.92 

2» 

1,000 

11-56 

.94 

Do. 

sly  10 

800 

17-54 

(«) 

Stopped  at  300  feet,  tamed  aboat,  and  reached  etarting 
pomt  in  13  minates. 

11 

1,000 

5>15 

2.10 

Sqoally;  wind  eouthweet. 
wind  Boathweet;  freeh. 

J7 

1.000 

15-22 

.74 

37 

1,000 

14-55 

.70 

Do. 

30 

1,000 

23-4)3 

.49 

Wind  Boathweet;  moderatOb 

SO 

1.000 

23-20 

.48 

Do. 

ag.   2 

600 

41-44 

.14 

No  poaitiTe  oorrent. 

7 

75 

11^48 

.07 

Stopped ;  no  positive  carrentb 
Sqniuly;  wind  soathweet 
^  ind  Boatheaat;  moderate. 

15 

1,000 

11-21 

1 

29 

1,000 

11-58 

.00 

28 

200 

4-26 

.51 

Ban  same  time  as  No.  1 ;  drifted  to  north  pier  after  going 

200  feet 
Windeoath;  moderate. 

SI 

1,000 

32-20 

.35 

apt    6 

400 

23-20 

.20 

Went  aboat  400  feet  and  stopped. 

9 

600 

71-55 

.08 

Stopped  at  middle  range. 
Went  60  feet  and  came  to  pier. 

19 

60 

49-25 

.01 

24 

600 

35-20 

.20 

Went  50  feet  farther,  then  tamed,  and  oame  to  etarting 
point 

20 

1,000 

24-20 

.48 

•T.     4 

1,000 

12-57 

.88 

Light  Bouthweat  wind. 

15 

1,0J0 

10-08 

.70 

Moderate  eontheaet  wind. 

Mean. 

.68 

a  Not  appreciable. 

nne  oorered  by  observationa,  168  days. 

nnber  of  timea  velocity  waa  less  than  1  mile  per  hoar 20 

imber  of  tJuMM  velocity  waa  between  1  and  2  miles  per  hoar 1 

uaberof  times  velocity  exeeeded  2  miles  per  hoar ••••. 1 


fyyi— iM  relooitj,  2.10  mllea  per  hons. 
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CITBBBNTS  INWABD. 


No.  of 
float. 

IMatanoe 

Yeloe- 

Date. 

trav- 
eraed. 

Time. 

Ityper 
boor. 

1897. 

JTOm. 

June  16 

1 

1,000 

18-24 

0.84 

Set  float  40  feet  south  tnm  north  pier. 

1« 

2 

1,000 

12-14 

.98 

Set  float  100  feet  south  from  north  pier. 

Jaly    8 

500 

8-08 

.70 

Stopped  200  feet  west  of  middle  range. 
South  wind;  litfht. 
Southeast  wind ;  light. 

14 

1,000 

18-21 

.86 

19 

1,000 

9L.22 

1.21 

19 

500 

4-57 

1.16 

Went  about  60  feet  ftom  second  zange. 

23 

1.000 

14-12 

.80 

West  wind:  fresh. 
Stopped  at  last  range. 

Ang.   4 

1,000 

6-^ 

2.04 

4 

1,000 

6^ 

1.98 

Weather  squally. 

Wind  southwest;  modeiata. 

10 

1,000 

4-22 

2.61 

10 

1,000 

6-38 

2.06 

Do. 

12 

1,000 

26-39 

.48 

Wind  northwest;  moderate^ 

27 

1,000 

40-25 

.29 

Wind  south;  fresh. 

Sept.   2 

1.000 

17-20 

.66 

Northeast  wind;  light. 

18 

1.000 

84-07 

.88 

Set  100  feet  firom  north  pier. 

18 

1,000 

27-18 

.42 

Set  160  ftet  ftvm  north  pier. 

16 

1.000 

4-20 

2.68 

West  wind. 

16 

1,000 

4-83 

2.61 

Squally. 

Went  60  fset  past  seoond  ranga. 

Oot.     8 

600 

7-04 

.80 

8 

600 

a-02 

.71 

Went  75  feet  past  seoond  raoga. 
Stopped  at  middle  range. 
Strong  southwest  wina. 

7 

600 

27-36 

.20 

12 

1,000 

6-22 

L78 

12 

1,000 

6-28 

1.75 

Set  in  mid-channel. 

16 

1,000 

5-05 

8.28 

Fresh  northwest  wind. 

16 

1,000 

5-06 

2.23 

Set  in  mid-channoL 

22 

1,000 

12-16 

.92 

Wind  aouthwest;  light. 

22 

1,000 

18-10 

.86 

Do. 

Nov.    5 

1,000 

8-00 

8.79 

Wind  southwest;  strong. 
Went  to  south  side  of  onannel. 

6 

400 

l-ll 

8.84 

0 

1,000 

4-00 

8.84 

Wind  northwest;  squally. 

9 

1,000 

8-56 

2.90 

Do. 

10 

1,000 

6-37 

1.72 

Wind  southwest;  fresh. 

11 

500 

1-48 

8.16 

West  wind;  moderate  gale. 
Wind  southwest;  fresh. 

21 

1,000 

16-39 

.68 

25 

1,000 

15-45 

.72 

Wind  southwest;  moderate. 

26 

1.000 

e-38 

L71 

Wind  southwest:  moderate  gale. 
West  wind;  a  gale. 

20 

1,000 

6-22 

2.12 

20 

1,000 

6-19 

2.13 

Do. 

Moan. 

1.07 

Timeoorered  byobserTations,  168  days. 

Number  times  ydocity  was  less  than  1  mile  per  hour 

Number  times  velocity  was  between  1  and  2  miles  per  hour. 
Number  times  velocity  was  between  2  and  8  miles  per  hour. 
Number  times  veloci^  exoeeded  8  miles  per  hour 


Maximum  velocity  occurred  during  severe  westerly  gale  on  Lake  iftrie  November  6  and  6, 8i 
per  hour. 

Tree  planting  an  the  neck  of  the  peninsula, — Gontinaing  the 
begun  in  1896,  2,000  boney-locnst  trees  were  planted  on  the  neck  < 
peninsula,  April  12  to  May  6, 1898.  About  one-half  of  these  trees 
set  out  between  those  planteid  in  former  years,  with  a  view  to  mi 
the  growth  more  dense.  Others  were  set  on  bare  spots  aboy< 
main  portion  of  the  neck  and  others  along  the  narrow  strip  of  the 
at  its  junction  with  the  body  of  the  peninsula.  At  the  latter  Iw 
200  willow  cuttings,  donated  by  the  commandant  of  the  Pennsyl 
Soldiers'  and  Sailors'  Home,  were  also  planted  • 

The  cost  of  planting  was  as  follows : 

TroM,  2,000 

Mantue,  44  oubio  yards 

Labor 

Total 

The  trees  planted  during  the  past  two  years  haye  grown  vigon 
This  is  especially  true  of  the  locusts,  and  therefore  the  locust  was  o 
for  planting  this  spring. 


y  5  €mgm££/i  ornc£ 
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PBESEBYATIGN  OP  PBESQX7B  ISLB  PEKINSITIiA. 

Fhe  watchman  was  on  duty  throaghout  the  year  patrolling  the  penin- 
ia.  No  serioas  depredations  were  committed  and  only  a  few  small  fires 
»irred  daring  the  year.  In  addition  to  his  other  daties,  the  watch- 
II  has  been  instmcted  to  watch  the  effects  of  erosion  on  the  shores  of 
I  peninsula  and  to  make  reports  thereof  i)eriodically. 
Jceupatian  ofPresque  Isle  Peninsula. — For  several  years  efforts  have 
sn  made  by  parties  to  secure  rights  of  occupation  or  i>ossession  of 
ds  on  the  peninsula  of  Presque  Isle.  In  1895  <<An  act  conveying  to 
I  city  of  Erie  certain  water  lots  and  land  on  the  shores  of  Presque 
3  Bay"  was  introduced  in  the  legislature  of  the  State  of  Pennsyl- 
lia,  but  failed  of  enactment. 

tosort  to  the  State  legislature  was  made  because  the  promoters  of 
I  proposed  act  believed  that  the  title  of  the  United  States  to  the 
linsula  lands  was  not  indefeasible.  The  history  of  this  tiUe  is  out- 
ad  in  documents  incorporated  in  this  report. 

n  June  and  August,  1896,  letters  were  sent  to  the  Ghief  of  Engineers 
the  mayor  of  the  city  of  Erie,  Pa.,  in  the  interest  of  the  city  or  of 
ties  purporting  to  act  in  that  interest,  in  the  endeavor  to  obtain 
tain  claims  and  rights  of  occupation  ui>on  the  peninsula  of  Presque 
d,  forming  the  outer  limits  of  the  harbor  of  Erie,  Pa.  The  primary 
ect  sought  was  the  establishment  of  a  picnic  ground  at  ^^Big  Bend," 
the  bay  side  of  the  i>eninsula.  opposite  the  dty. 
nie  matter  was  referred  to  tnis  office  for  report,  which  report  was 
de  under  date  of  August  12, 1896.  Under  date  of  August  18, 1896, 
I  Secretary  of  War  denied  the  request  in  a  letter,  of  which  the  foUow- 
[  is  a  copy: 

WaB  DEPARTICBNTy 

WoBhingUm,  2>.  C,  August  18, 1896. 

ol:  Referring  to  preyioiiB  oorreepondence  on  the  sntject  and  replying  fdrther  to 
r  letter  of  Jnne  26, 1896,  nrging  that  the  citizens  of  Erie  be  permitted  to  nse  a 
Uon  of  the  peninsola  of  Presqne  Isle  as  a  pleasure  ground,  I  oeg  to  inform  yon 
t  the  matter  has  been  carefnlly  investigated  by  Mi^.  T.  W.  Symons,  Corps  of 
^neersy  who  submits  a  report  unfavorable  ta  the  proposition.  The  Acting  Chief 
Sogineers  concurs  in  the  views  of  Mi^or  Symons,  and  states  that  "there  are  sev- 
.  aerious  objections  to  panting  the  request  of  the  mayor  of  Erie,  some  of  which 
of  a  legal  nature,  while  others  relate  to  the  stability  of  the  peninsula  and  the 
*tj  of  the  harbor.  These  objections  are  weU  founded,  and  this  office  concurs  in 
opinion  of  Hi^or  Symons  that  the  request  of  Mayor  Saltsman  should  not  be 
ited.* 

i  view  of  the  foreffoing,  the  Department  is  constrained  to  deny  the  request. 
Very  respectfuUy, 

Joseph  B.  Doe, 
Acting  Secretary  0/  War, 
on.  BOBBBT  J.  Saltsman, 

Mayer  of  Eric,  Pn. 

n  March,  1897,  efforts  to  secure  lands  on  the  peninsula  were  renewed, 
[  two  bills  were  introduced  into  the  legislature  of  the  State  of  Penn- 
rania,  one  of  which  was  a  repetition  of  the  bill  introduced  in  1895. 
he  attention  of  the  War  Department  was  called  to  these  efforts  by 
1  office,  and  on  April  14, 1897,  the  Secretary  of  War  sent  the  follow- 
letter  to  the  governor  of  Pennsylvania: 

WaB  DEPABmBNTy 

Washington,  2>.  C,  April  14, 18S7. 

X:  By  section  14  of  an  act  of  the  general  assembly  of  Pennsylvania  approved 
il  2, 19BS,  entitled  "A  further  supplement  to  an  act  to  incorporate  the  city  of 
^,**  the  city  of  Erie  was  given  the  <* supervision  and  control"  of  the  peninsula  of 
ique  Isle  (then  the  property  of  the  State  of  Pennsylvania),  with  power  to  lease 
ttffie  and  apply  the  proceeds  thereof  to  the  marine  hospital  in  said  city,  "but 
Wt  power  to  seU  or  convey  or  cut  any  live  timber  or  nnderbmah|  or  to  author- 
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ice  the  same  to  be  done,  or  to  aathorise  any  act  that  may  have  a  tendency  to  affect 
i^joiiously  the  stability  of  the  peninsula,  the  object  and  intent  being  that  the  said 
peninsnla  shall  forever  remain  in  its  present  condition,  so  far  as  may  be  neceasaiy 
for  its  present  preservation  and  that  of  the  harbor  of  Erie  depending  thereon.'' 

This  section  farther  provides  that  the  "Commonwealth  hereby  reserve  the  right 
at  any  time  hereafter  to  annnl  the  privileges  hereby  granted  and  to  resame  the 
absolute  control  of  said  peninsula  for  military  or  other  public  purposes." 

In  the  following  year,  by  an  act  of  the  general  assembly,  approved  Febraary  4^ 
1869,  entitled  "A  supplement  to  an  act  incorporating  the  Marine  Hospital  of  Penn- 
sylvania, at  Erie  "  the  said  section  14  was  "so  far  amended  as  to  place  tne  superyision 
and  control  of  said  peninsula  in  the  power  of  the  board  of  directors  of  the  Marine 
Hospital  of  Pennsylvania  •  •  •  and  the  said  board  of  directors  is  hereby 
empowered  to  exercise  such  supervision,  disposition,  and  control  of  the  same,  by  leas* 
ing  or  otherwise,  as  to  them  should  be  deemed  for  the  best  interests  of  said  hospital.' 

It  was  further  provided  that  if  the  same  should  be  accepted  by  said  board  of 
directors  of  the  marine  hospital,  then  the  marine  hospital  should  "hold  the  same 
by  and  under  the  oonditions"  or  section  16  of  the  act  incorporating  the  hospital, 
approved  March  22,  1867,  which  provides : 

"  Sec.  16.  That  the  said  marine  hospital  corporation  shall,  within  ninety  days 
after  its  organization,  cause  to  have  surveyed  and  measured  out  the  lands  named  in 
this  bill,  and  the  map  of  the  same  shall  be  filed  w^th  the  surveyor-general,  whose 
duty  it  shall  be  to  issue  a  patent  to  said  hospital  corporation  for  the  same  from  the 
Commonwealth  by  the  saia  company  merely  paying  the  lawful  office  fees,  and  said 
hospital  company  shall  not  bold  or  en^joy  the  lands  donated  to  them  by  the  Common- 
wealth until  the  provisions  of  this  section  are  complied  with." 

This  section  refers  to  lands  which  had  been  granted  to  the  hospital  by  this  act  of 
incorporation  of  the  hospital. 

The  provision  of  said  section  16  having  been  complied  with  by  the  marine  hos- 
pital, a  patent  was  issued  on  October  18, 1869,  granting  said  peninsula  (described 
therein  by  metes  and  bounds,  and  as  containing  2,024  acres)  to  said  marine  hospital, 
to  have  and  to  hold  the  same  "  forever  for  thepurposes  specified  "  in  said  act  of  Feb- 
ruary 4, 1869,  and  in  said  act  of  March  22, 1867,  "  so  fskr  as  the  last-named  act  relates 
hereto." 

By  an  act  of  the  general  assembly  of  May  11, 1871,  the  sum  of  $30,000  was  appro- 
priated for  the  purpose  of  fitting  the  hospital  building  for  the  reception  of  patients 
and  paying  the  debts  of  the  corporation,  upon  this  condition,  inter  alia: 

"That  the  said  marine  hospital  corpoi^tion  shall  convey  to  the  United  States  of 
America  all  title  it  may  have  to  the  peninsula  of  Presque  Isle  obtained  from  tbe 
State  of  Pennsylvania  by  act  of  February  4,  1869,  entitled  '  A  supplement  to  an  act 
incorporating  the  marine  hospital  at  Erie,  to  be  held  by  the  United  States  as  near 
as  may  be  in  ita  present  condition,  and  onl^  for  the  purposes  of  national  defense,  and 
the  protection  of  the  harbor  of  Lrie,  but  in  all  otner  respects  to  be  subject  to  the 
civil  and  criminal  Jurisdiction  of  the  State  of  Pennsylvania;  and  the  consent  of  the 
State  of  Pennsylvania  is  hereby  given  to  such  transfer,  only  for  the  purposes  and 
under  the  limitations  hereinbefore  mentioned.'' 

In  accordance  with  this  proviso,  and  within  the  time  specified  by  the  act,  the 
marine  hospital,  by  deed  executed  May  25,  1871,  conveyed  to  the  United  States  of 
America  "all  the  estate,  right,  title,  interest,  property,  claim,  and  demand  whatso- 
ever of  them,  the  said  Marine  Hospital  of  Pennsylvania,  in  law  or  equity  or  other- 
wise, of  into  or  out  oV*  said  peninsula  "to  be  held  by  said  United  States  as  near  as 
may  be  in  its  present  condition  and  only  for  the  purposes  of  national  defense  and 
for  the  protection  of  the  harbor  of  Erie ;  to  have  and  to  hold  all  and  singular  the 

g remises  hereby  remised  and  released,  with  the  appurtenances,  unto  the  said  United 
tates  of  America."  This  deed  was  recorded  in  the  recorder's  office  of  Erie  County 
on  August  18,  1871. 

An  act  of  Congress,  approved  May  27, 1872,  authorized  the  Secretary  of  War  to 
accept  the  said  peninsula  ''to  be  held  by  the  Government  of  the  United  States  for 
the  protection  of  the  harbor  of  Erie:  Providedy  That  the  deed  eonveying  the  same 
shall  not  be  received  until  the  title  t>o  the  same  is  complete  and  indefeasible,  nor 
unless  the  acceptance  shall  be  recommended  by  a  board  of  officers  of  the  Corps  of 
Engineers  appointed  by  the  President." 

It  appears  that  the  acceptance  of  the  peninsula  was  recommended  by  a  board  of 
officers  of  the  Corps  of  Engineers,  convened  in  accordance  with  the  foregoing  pro- 
vision, on  July  9,  1873,  but  that  owing  to  the  opinion  of  the  Department  of  Justice, 
that  the  title  tendered  was  not  ''complete  and  indefeasible,"  the  same  was  not 
accepted  at  that  time. 

By  the  river  and  harbor  act  approved  August  5,  1886,  the  Secretary  of  War  was 
authorized  and  directed  to  receive  and  accept  the  title  to  said  peninsula  *'iw  iendertd 
by  the  said  marine  hoepitalf  ajgreeably  to  the  provisions  of  an  act  of  the  legislatore 
of  the  State  of  Pennsylvania,  approved  May  11,  1871;  and  provided  fur&er,  that 
$22,500  of  said  sum  (i.  e.  the  sum  appropriated  for  continuing  improvement  of  Erie 
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harbor)  shall  not  be  expended  ontil  the  aforesaid  title  shall  be  accepted  by  the  Seo- 
retary  of  War." 

Under  date  of  December  14, 1886,  the  Secretary  of  War  accepted  the  title  to  said 
peninsnla  by  directing  that  the  same  be  entered  upon  and  taken  possession  of  in 
behalf  of  the  United  States,  and  under  this  authority  the  land  was  entered  apon  and 
taken  possession  of  in  behalf  of  the  United  States  on  Jannary  27, 1887. 

In  a  report  dated  March  25, 1897,  Mi^ .  Thomas  W.  Sy  mons,  the  United  States  en^neer 
oflBcer  at  Buffalo,  N.  Y.,  calls  attention  to  an  effort  of  certain  parties  purporting  to 
act  in  the  interest  of  the  city  of  Erie  to  obtain  some  claim  upon  said  peninsula,  and 
he  inclosed  with  his  report  a  copy  of  a  bill  which  has  been  introduced  in  the  general 
anembly  for  this  purpose  by  Mr.  Gibson,  the  senator  from  the  Erie  district.  In  his 
report  Major  Symons  says : 

"It  has,  I  think,  always  been  the  belief  of  engineers,  as  it  is  my  belief,  that  the 
preservation  of  this  peninsula,  with  the  timber  growtn  thereon,  is  in  the  highest 
decree  important  for  the  preservation  of  Erie  Harbor,  and  it  seems  to  me  desirable 
that  it  should  remain  entirely  under  the  control  of  the  General  Government,  which 
has  assumed  the  responsibility  of  preserving  this  harbor." 

It  would  seem,  therefore,  that  the  title  of  the  United  States  to  this  peninsula  is 
not  regarded  as  complete  and  indefeasible,  and  as  it  seems  to  have  been  the  inten- 
tion of  the  general  assembly  of  Pennsylvania,  as  expressed  in  said  act  of  May  11, 
1871,  that  the  peninsula  should  remain  entirely  under  the  control  of  the  General 
Government  for  the  purposes  specified  therein,  I  have  the  honor  to  request  that  you 
▼ill  submit  the  matter  to  the  general  assembly  of  Pennsylvania  in  your  recommenda- 
tion that  an  act  be  passed  confirming  and  Testing  in  the  United  States  a  complete 
and  indefeasible  title  to  said  peninsula,  as  the  same  is  described  in  the  deed  trom. 
the  Marine  Hospital  of  Pennsylvania  to  the  United  States. 
With  highest  respect,  I  remain,  your  obedient  servant, 

B.  A.  AiiGfiB,  Secretary  of  War. 

Hon.  Danisl  H.  Hastings, 

Governor  of  the  State  of  Penntylvania,  HarrUhurgf  Pa, 

On  March  11, 1898,  the  mayor  of  the  city  of  Erie  again  applied,  by 
letter,  to  the  Secretary  of  War  for  permission  to  use  a  portion  of  the 
peninsnla  as  a  pleasnre  ground.  The  application  was  referred  to  this 
office  for  rei>ort,  which  report  was  made  under  date  of  April  19, 1898. 
On  April  29, 1898,  the  Secretary  of  War  denied  the  request  in  the  fol- 
lowing letter: 

War  DEPA.RTMENT, 

Waehington,  D.  C,  April  S9,  1898, 

Sir:  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter  of  11th  ultimo, 
lUting  that  the  city  of  Erie  desires  to  lease  for  a  pleasure  ground  that  portion  of 
tbe  peuinsula  of  Presque  He  known  as  "  Big  Bend.'' 

In  reply  I  beg  to  inform  you  that  it  appears  a  similar  request  was  made  by  you  in 
1S96,  which,  after  a  thorough  investigation  by  the  local  engineer  officer,  was  denied 
1>7  the  Secretary  of  War,  for  the  reason  that  there  were  several  serious  objections  to 
Rrantiiig  the  request,  some  of  which  were  of  a  legal  nature,  while  others  related  to 
tile  stability  of  the  peninsula  and  safety  of  the  harbor.  The  matter  has  again  been 
^ferred  to  Mig.  Thomas  W.  Symons,  the  local  engineer  officer,  who  reports  Aversely, 
^d  calls  attention  to  his  former  report  upon  the  subject,  in  view  of  which  the 
Department  feels  compelled  to  adhere  to  its  previous  action,  and  regrets  that  it  must 
deny  your  re<iuest. 

Very  respectfully,  B.  A.  Aloer, 

Secretary  of  War, 

Hon.  BOBT.  J.  6ALT8MAN, 

Mayor  of  Erie,  Pa, 

BEMABKS  AS  TO  EBIE  HABBOB. 

The  last  river  and  harbor  act  required  a  new  survey  and  preparation 
^t  plans  and  estimates  for  improvement  of  Erie  Harbor.  This  was 
Signed  to  my  charge,  and  a  report  upon  it  was  submitted  under  date 
of  May  24, 1897,  and  printed  in  House  Doc.  No.  70,  Fifty-fifth  Congress, 
A^t  session,  and  in  annual  report  of  the  Chief  of  Engineers  for  1897, 
pages  3237-^245. 

As^  this  rei>ort  provides  for  a  new  project  and  makes  new  estimates 
^f  cost,  it  is  not  deemed  necessary  to  make  any  farther  estimate  for 
Work  or  appropriations  here. 
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Money  statement 

July  1, 1897y  balMioe  nnexpended $36, 122.21 

JnneSOy  189i8,  amount  expended  during  fiBoal  year 6,177.36 

Jnly  1, 1898,  balanoe  nnenended '. 30,944.85 

Jnly  1, 1898,  outstanding UabUities $100.00 

July  1, 1898,  amount  ooyered  by  uncompleted  contracts 700. 14 

'—         800.14 


July  1, 1898,  balance  available 30,144.71 

'  Amount  (estimated)  required  for  completion  of  existing  project (*) 

I  AmountthatcanbeprofitablyexpendedinfiscidyearendingJuneSO,  1900       (*) 
^  Submitted  in  compliance  witb  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundj^  oivil  aot  of  June  4, 1897. 


Statement  of  appropriatione  and  allotmenti  made  for  improving  harbor  at  Brie,  Pa,,  from 

1823  to  ikepreetnt  time. 


1823,  allotment $150.00 

May  26.  1824 20,000.00 

May  25, 1826 7,000.00 

March  2, 1827 2,000.00 

May  19, 1828 6,223.18 

March  3,1829 7,390.26 

March  2, 1831 1,700.00 

Julv3,1832 4,600.00 

March  2,1833 6,000.00 

June  28,  1834 23,045.00 

March  3, 1835 6,000.00 

July2.1836 15,122.80 

March  3, 1837 '. 15,000.00 

July7,1838 30,000.00 

June  11,  1844 40,000.00 

August 30, 1852 30,000.00 

1864,  allotment 15,000.00 

June23,  1866 36,961.00 

March2.1867 25,000.00 

1868,  allotment 40,000.00 

1869,  allotment 22,275.00 

June  11, 1870 20,000.00 


March  3, 1871 $29,000.00 

1871,  allotment 10,000.00 

June  10, 1872 16,000.00 

June23,  1874 20,000.00 

March  3, 1875 80,000.00 

August  14, 1876 40,000.00 

June  18,  1878 25,000.00 

March  3, 1879 25,000.00 

June  14,  1880 25,000.00 

March  3, 1881 20,000.00 

August  2, 1882 20,000.00 

July  5,1884 60,000.00 

August  5, 1886 87,500.00 

August  11, 1888 83,000.00 

September  19, 1890 40,000.00 

1891,  received  from  sales 4, 716. 89 

July  13,1892 40,000.00 

August  18, 1894 10,000.00 

May,  1897,  repayment 1. 00 


Total 946^586.13 


AhBfraot  ofpropotali. 


Ko. 


Kame  and  sddreu  of  bidder. 


Dredgliic 

percoblo 
yard. 


1 
2 
B 

4 


Carkln,  Sticlcnay  A  Cram,  Detroit,  Mich 

Broymann  Bros.,  Toledo,  Ohio 

James  Rooney,  Toledo,  Ohio 

Hingston  A.  Woods,  Baifalo,  K.  Y 


Oma. 

M 

IS 


•  Aooeptanca  recommeoded. 
Contracts  in  force  at  close  of  fiscal  year. 


Contractors. 

Data. 

Date  of 
approval. 

Date  of 
beginning. 

Date  of 
azpiratioB. 

Carkin.  Stiokney  ft  Cram,  Detroit,  Mioh 

Mar.   8,18M 

Mar.  24, 1888 

May    2,1898 

Kov.  M.1M 

BucASKS.— For  dredging  in  entraaoe  channel  of  Srie  Harbor. 


*  New  project  reported. 
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COMMERCIAL  STATISTICS  OF  ERIB  HABBOB,  PENKSTLYANIA. 

Arrivals  and  departure  of  vesieUfar  the  year  ending  December  31, 1897 • 


ArriTEls  fttHn— 

Departures  to — 

YdsaelB. 

Home  ports. 

Foreign  ports. 

Home  ports. 

Foreign  ports. 

• 

her. 

Tone. 

Kam- 
ber. 

Tons. 

Ktim- 
ber. 

Tons. 

Num- 
ber. 

Tons. 

Steam,  nil,  and  barger. 

1,477 

2,053,895 

90 

19,707 

1,494 

1,970,579 

72 

7,808 

Greatest  draft  of  vessels,  17^  feet. 

Total  arriyals  and  departures :  Niiin1>ery  3^33;  tonnage,  4,051,984. 

Increase  of  tonnage,  1897  over  1896,  417,142  tons. 

Yalne  of  imports,  $10,958. 

Valne  of  exports:  By  lake,  $7,874;  by  rail,  none. 

Enrolled  tonnage,  port  of  Erie,  1897,  38,767.68  gross  tons. 

No  new  lines  of  transportation  established. 

Amount  of  revenne  collected  for  year  ending  December  31, 1897,  $5,210.99. 

BeoeipU  and  ehipfnente  hy  lake* 

[Tons  of  2,000  pounds.] 

RECEIPTS. 


Articles. 


Merchandise. 

Bariey 

Com 

Oats 

Rye 

Wheat 


Flonr 

Halt 

Lamber  ... 

Laths 

Shingles . . . 
Stave  bolts 

Poles 

Ties 

Iron  ore  . . . 
Pig  iron  ... 


SST". 


Limestone.. 

Plaster 

Scrap  iron . . 
Steefbillets. 
Prodoce 


Total 


1892. 


87,401 

1,900 

147,256 


10,915 

237,630 

7,866 

200,190 


21,567 

343 

20 

868 


720,504 
4,432 

704 


5,626 
1,784 


12 


1, 899, 103 


1883. 


68,374 
1.825 

210, 770 
5,748 
6,232 

101,051 
6,877 

170,438 


12,843 
135 


549,205 


2,410 

5,544 

12,991 

21,294 


1,175,732 


1804. 


86,120 

9,640 

74,252 

80 

2,656 

67.665 

2,056 

219,289 

516 

14.463 

93 


111 

909 

721,514 

741 

14, 495 

11,535 


14, 614 


1,240.748 


1895. 


82,329 

3,716 

77,276 

805 

2,239 

63,315 

7,837 

191, 811 


26,182 
14, 443 


157 


907.258 

6,783 

21,572 

1,593 


1,201 


1,397,517 


1896. 


123,3J)7 
3,399 

191,621 
6,156 
4,929 

109,306 
20,092 

190,720 


11,762 

300 

22 


925,071 

13,810 

81,987 

5,333 


2,430 

18, 780 

681 


1,719,785 


1897. 


228,383 
10.617 

260,290 

6,968 

22,041 

154,203 
13.335 

199,798 


18.886 
715 
144 


526 

1,442.756 

11,086 

36,751 

15,212 


1,831 


2, 422, 041 


SHIPMENTS. 


Anthracite  ooal.. ........... 

428,785 
133,676 

400 
110,592 

550 

838,973 
78,387 

474,887 
265,037 

637,628 
233,489 

492,563 
179, 640 

616,801 
234,432 

Jiiinminona  coal ............ 

Pig  and  manofactured  iron. 
Men^harditte.  .t-. 

45,918 

89,187 

87,823 

81,731 

123,677 

AfMie XT 

Total 

673,952 

463,278 

829,111 

858,440 

753,934 

873, 910 
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The  following  table,  compiled  from  the  reports  of  the  Chief  of  Engineers,  giTM 
the  combined  number  of  arrivals  and  departures  and  the  tonnage  of  arriving  and 
departing  vessels  for  the  past  ten  years : 


1888. 

1889. 

1800. 

1891. 

1801 

ArriTAla  and  danArtarM. . ............... 

2,  111 
1,852,001 

2,488 
2,851,485 

2,604 
2,480,853 

2,487 
2.843,566 

XUi 

Tomuige 

%m^ 

1803. 

1894. 

1806. 

1896. 

mt. 

AttIvaIv  Mftd  dapartiirR*! 

1,677 
1,701,542 

2,687 
8,069,545 

2,036 
8,823,672 

8,100 
8,634,842 

I.U 

Tonnami 

4,051,961 

NN  a. 

I 

IMPROVEMENT  OF  HARBOR  AT  DUNKIRK,  NEW  YORK. 

Original  oonditian, — ^The  harbor  at  Dunkirk  is  naturally  a  simple 
indentation  of  the  south  shore  of  Lake  Erie.  It  lies  between  Point 
Gratiot  on  the  west  and  Battery  Point  on  the  east.  Between  the  two 
points  is  a  distance  of  about  9,600  feet,  and  the  maximum  breadth  of  th^ 
bay  behind  the  line  of  the  two  headlands  is  3,600  feet.  The  geneiil 
natural  depth  of  water  in  the  bay  was  about  10  feet.  The  bay  is  ande^ 
laid  with  rock  at  an  average  depth  of  15  to  16  feet.  The  object  of  the 
improvement  is  to  form  an  artificial  protected  harbor  in  the  indenta- 
tion or  bay  above  described. 

Project  for  improvetnent — ^The  original  project  was  adopted  in  1827 
and,  with  its  sabsequent  modifications,  provided  for  the  constraction 
of  a  pier  running  out  from  the  west  shore  of  the  indentation  and  a 
detached  breakwater  parallel  with  the  pier  and  about  2,000  feet  distant 
from  the  city  front.  An  opening  between  the  two  structures  provided 
a  harbor  entrance  through  which  a  channel  leading  to  the  docks  wtf 
to  be  deepened  to  13  feet.  By  1832  the  sum  of  $28,439.84  had  bees 
expended  on  the  original  plan,  and  the  breakwater  was  then  2,504  ftet 
long  and  the  pier  1,400  feet  long.  Subsequently  various  improvements 
and  repairs  were  made.  In  1848  the  breakwater  was  demolished  bf 
storms.  ' 

In  1870  the  question  of  the  improvement  of  this  harbor  was  referred  to 
a  board  of  engineers.  The  board  recommended  a  plan  which  provided 
for  a  detached  breakwater  2,860  feet  long,  one  part  of  which,  2,300  feet 
long,  was  to  be  nearly  parallel  with  the  shore,  the  other  part,  560  feet 
long,  to  be  nearly  parallel  with  the  axis  of  the  channel  entrance  and 
terminating  at  the  position  of  the  day  beacon. 

This  breakwater  and  the  pier  already  built  were  to  form  the  harbor, 
and  the  old  channel  was  to  be  enlarged  to  170  feet  wide  and  13  feet 
deep. 

All  the  works  now  existent  at  Dunkirk  have  been  built  in  aocordaBce 
with  this  plan.  The  project  adopted  by  Congress  and  provided  for  by 
the  river  and  harbor  act  of  June  3, 1896,  consists  of  completing  tbe 
breakwater  as  before  planned  by  the  addition  of  310  feet  to  its  eastern 
end,  adding  the  channel  arm,  560  feet  long,  and  in  addition  thereto 
dreaging  an  entrance  channel  and  a  harbor  basin,  containing  in  all 
about  65  acres,  to  a  depth  at  mean  lake  level  suitable  for  vessels  draw- 
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ig  16  feet.    The  estimated  cost  to  complete  this  project  was  $408y258| 
ivided  as  follows: 

Kteosion  of  breakwater,  ohannel  arm,  oonstraotion  of  day  beacon,  and 

repain  to  existing  stmctnres $74,900 

redj^iDg  for  channel  and  basin  to  a  depth  of  17  feet,  to  seenre  a  navigable 

depth  of  16  feet 306,650 

ontingencies,  engineering,  etc 26,708 

Total 408,258 

The  total  amount  expended  on  the  harbor  by  the  General  Oovern- 
lent  to  Jane  30, 1897,  was  $563,418.23. 

The  amount  expended  during  the  fiscal  year  ending  June  30, 1898, 
ras  $257,100. 

The  law  of  June  3, 1896,  having  authorized  the  entering  into  contract 
or  the  radical  improvement  of  Dunkirk  Harbor,  specifications  for  this 
fork  were  prepared,  and  on  March  22, 1897,  bids  for  the  work  were 
>pened  and  the  contract  was  let  to  Edward  J.  Hingston,  Buffalo,  K.  Y. 

The  work  contracted  for  at  Dunkirk  consists  of  the  excavation  of 
about  555,000  cubic  yards  of  material,  of  which  it  is  estimated  that 
475,000  cubic  yards  is  mud,  sand,  gravel,  etc.,  and  80,000  cubic  yards 
IB  rock;  the  replacement  of  680  linear  feet  of  the  decayed  superstruc- 
ture of  the  west  pier  with  concrete;  the  building  of  a  timber  crib 
Btmcture  along  the  eastern  edge  of  the  proposed  entrance  channel ;  and 
the  extension  of  the  breakwater  to  the  east  310  feet,  which  extension 
will  consist  of  a  timber  and  stone  foundation  surmounted  by  a  concrete 
and  Btone  superstructure.  Illustrations  showing  the  different  con- 
stmctions  as  planned  were  published  in  the  last  annual  report.  As 
explained  in  the  report  of  operations  herewith  the  plans  for  the  con- 
crete and  stone  superstructure  on  the  breakwater  extension  were  some- 
what changed  in  construction. 

The  annual  report  for  this  harbor  for  1896  contained  an  account  and 
description  of  existing  works  and  the  condition  of  the  harbor.  (Chief 
<rf  Engineers'  Report,  1896,  p.  3108.) 

Under  date  of  August  11,  1897,  a  supplemental  contract  with  the 
contractor,  Mr.  E.  J.  Hingston,  was  entered  into  to  increase  the  depth 
over  the  greater  x>ortion  of  the  harbor  basin  from  17  feet  as  ])rovided 
in  the  original  contract  to  18  feet,  in  order  that  Vessels  drawing  16  feet 
might  at  mean  lake  stages  have  2  feet  of  water  under  their  keels.  This 
Supplemental  contract  also  provides  for  increasing  the  depth  of  water 
in  the  entrance  channel  from  17  feet  as  provided  in  the  original  con- 
tract to  19  feet,  in  order  that  vessels  drawing  16  feet  might  at  mean 
ake  stages  have  3  feet  of  water  under  their  keels,  thus  reducing  the 
iability  to  strike  bottom  in  heavy  seas.  These  changes  were  deemed 
issential  to  carry  out  the  general  project  which  requires  the  harbor  to 
«  suitable  for  vessels  drawing  16  feet,  and  it  was  in  the  interests  of 
oonomy  that  the  additional  depth  should  be  secured  at  the  same  time 
hat  the  originally  projected  depth  was  secured. 
Another  supplemental  contract  was  entered  into  with  Mr.  Hingston 
nder  date  of  January  26, 1898,  for  replacing  167  feet  of  old  crib  work 
1  the  west  pier  structure.  Upon  removing  the  wood  superstructure 
•om  the  extreme  eastern  portion  of  the  pier  to  be  concreted,  the 
Dderlying  cribs  were  found  to  be  in  such  a  condition  that  it  was 
semed  unwise  to  place  the  concrete  superstructure  on  thenu    The 


i 


r' 


been  started  at  the  beginning  of  the  fiscal  year. 

Basin  and  channel  excavation. — Under  the  original  contrac 
April  15, 1897,  aboat  65  acres  of  harbor  basin  and  entrance 
were  to  be  deepened  to  17  feet  at  mean  lake  level.  A  snpp]< 
contract  was  entered  into  Angast  11, 1897,  to  increase  the  dept 
channel  excavation  to  19  feet  and  of  the  basin  to  18  feet,  exec 
reserved  area  in  the  extreme  northeast  comer  of  the  basin  whi 
remain  at  the  originid  projected  grade  of  17  feet  below  mean  lal 

In  order  to  keep  an  accurate  record  of  the  work  of  different  < 
the  harbor  basin  was  divided  into  eleven  sections  and  the  chan 
five  sections.  Afterwards  the  two  easterly  basin  sections  were 
and  the  area  redivided  into  three  sections,  with  a  fourth  in  the  ( 
northeasterly  corner.  The  final  division  of  the  work  and  the  1 
the  basin  and  channel  excavation  are  shown  on  the  accompany] 
of  Dunkirk  Harbor. 

At  the  beginning  of  the  fiscal  year  five  dredges  and  one  drill  b< 
in  operation,  with  the  requisite  number  of  scows  and  tugs.  Two 
were  added  to  the  fleet  during  the  season  and  two  withdraw] 
I^ovember,  1897.  On  December  1,  only  one  dredge  remained  i 
and  on  the  fourth  of  that  month  it  also  suspended  operations 
winter. 

Bock-drilling  operations  were  begun  on  May  17, 1897,  with  < 
boat,  and  the  plant  was  increased  firom  time  to  time  until  A' 
when  three  drill  boats  were  in  operation.  At  that  date  one  d: 
was  found  unsuited  to  the  work  and  withdrawn,  and  operatic 
tinned  with  the  other  two  until  work  was  suspended  for  tiie  w 
December  1. 

In  order  to  commence  work  for  the  season  of  1898  as  soon  a 
ble,  a  channel  was  blasted  through  the  ice  to  the  west  end  of  tl 
March  1  to  6, 1898,  and  drilling  operations  were  resumed  and 
in  progress.  Dredging  operations  were  resumed  and  are  still 
ress.  Dredging  operations  were  resumed  by  one  dredge  March 
other  dredges  were  added  until  on  June  7  the  fleet  consisted  ( 
dredges  and  two  drill  boats  with  the  necessary  scows  and  tugs. 

#>1/\aA  rk^  i-\\£k  fia/tO-l  ttaoi*  f-liia  -ftiiA^  rtroa   afill   o4r  iir/\'v»l7'  ort/l   ^Ka  fiviol 


APPENDIX  N  N — REPORT  OF  ICAJOB   STM0N8. 


2761 


After  very  careful  coinpntations  based  upon  the  origiDal  survey,  the 
bllowing  are  the  established  official  quantities  of  material  to  be  paid 
br  under  the  contracts : 


Ori||;lnil  eontraet 

SspplemeDtal  contract 

Total... 


Book. 


Cubic  ydt. 
73,429 
46,388 


119,817 


Sand,  etc. 


Oubieyds. 

469.496 

54,206 


523,706 


Total 


Chibieydt, 
542,927 
100,596 


643,528 


The  total  amount  excavated  and  credited  to  the  contractor  as  pro- 
vided by  contract  up  to  and  including  June  30, 1898,  is  as  follows: 


Oriftnal  oontraet 

8i9^flinental  oontraot 

Total 


Bock. 


Cubic  ffda, 

107,758 

85,303 


148,061 


Sand,  etc. 


Cubic  tfdt. 
383,021.8 
28,159 


411,180.8 


TotaL 


Cubic  ydt. 
490, 779. 8 
63,462 


654,241.8 


The  conduct  of  the  work  has  been  closely  observed.  The  positions  of 
the  drills  and  dredges  for  each  day's  rnn  are  a  matter  of  record.  The 
records  of  the  inspector  of  dredging  include  gauge  and  weather  observa- 
tions; for  each  dredge  the  number  of  hours  work  and  delay  and  the 
^ases  of  delay,  the  number  of  scows  loaded  and  unloaded,  time  each 
icow  left  for  the  dumping  ground  and  time  of  its  return,  number  of  yards 
»f  material,  and  classification  for  each  scow  loaded. 

At  a  recorded  time  during  each  day  (with  few  exceptions)  soundings 
rere  taken  around  the  dredges,  scows,  and  drill  boats  in  the  excavated 
rea  and  to  the  adjacent  natural  bottom.  These  records  are  utilized  as 
,  basis  for  determining  the  amount  of  material  excavated  from  below 
Tade  and  represented  in  the  scow  measure,  and  for  the  purpose  of  verifl- 
ation  of  the  total  estimated  place  and  scow  measure  and  of  the  depths 
J  sand  and  rock  shown  on  the  map  of  the  original  survey. 

Briefly  described,  the  excavated  material  consists  of  a  sedimentary 
eposlt  of  clay,  sand,  and  gravel,  underlaid  either  above  or  below  the 
pecified  grades  by  a  close-grained  foliated  blue  shale,  hard  and  com- 
act  in  the  interior  of  the  reefs,  but  disintegrated  about  their  surfaces. 
lU  effort  was  made  by  each  dredge  in  succession  to  excavate  the  shale 
in  situ"  after  stripping  the  softer  material.  Each  effort  was  aban- 
oned  after  several  expensive  breakdowns  of  machinery. 

The  engineering  methods  employed  in  the  work  are  to  first  remove 
le  soft  material  overlying  the  rock,  using  drill  scows,  and  then  to 
3move  the  broken-np  rock  by  the  same  dipper  dredges.  The  nature 
f  the  rock  renders  it  necessary  in  order  to  get  <<  grade"  to  remove 
inch  more  rock  than  is  paid  for. 

Channel  arm. — ^The  channel  arm  of  the  breakwater  was  completed 
uring  the  year.  The  construction  details  of  this  structure  are  shown 
Q  the  drawing  opposite  page  3106  of  the  Annual  Report  of  the  Chief 
r  Engineers  for  1897.  The  structure  was  built  as  shown  on  the  draw- 
ig,  except  that  for  120  feet  lakeward  from  its  junction  with  the  main 
reakwater,  the  depth  of  the  cribbing  was  increased  to  16  feet  to 
inform  to  the  depth  to  bed  rook.    The  total  length  of  this  channel 
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arm  is  581.6  feet,  and  it  makes  an  angle  of  43^  5T  with  the  axial  line  of 
the  breakwater. 

The  location  of  this  channel  arm  required  the  removal  of  two  crib 
lengths,  or  60  linear  feet,  of  the  west  end  of  the  breakwater.  These 
were  removed  by  catting  the  saperstmcture  at  the  proper  point  and 
then  shattering  the  stracture  by  light  dynamite  charges  distributed 
through  it.    The  whole  was  then  removed  by  dredging. 

Excavation  for  the  foundation  of  the  channel  arm  was  begun  Jane28 
and  completed  August  16, 1897.  For  120  feet  lakeward  from  the  break- 
water a  depression  in  the  bed  rock  occurs.  Borings  were  made  in  this 
area  to  a  depth  of  28  feet  without  reaching  hard  bottom.  A  trench  was 
excavated  to  a  depth  of  23  feet  through  the  soft  material  and  back  filled 
with  rubblestone  to  a  grade  of  16  feet  below  mean  lake  level.  Beyond 
this  depression  bowlders  and  crib  debris  overlying  the  bed  rock  were 
removed  from  the  foundation  area,  and  rubblestone  deposited  where 
necessary  to  bring  the  foundation  to  a  grade  of  8  feet  below  mean  lake 
level.  The  construction  of  the  cribs  was  begun  July  8  and  completed 
August  24, 1897.  The  grillage  bottoms  were  assembled  and  bolted  in 
the  water,  as  no  convenient  launching  area  was  obtainable.  The  sev- 
eral courses  conforming  to  the  specifications  were  then  added  and 
securely  bolted. 

The  cribs  were  successively  placed  in  position  over  the  prepared 
foundation,  securely  fastened  at  both  ends  by  cross  turnbuckles  and 
anchors,  sunk  to  mean  lake  level,  and  filled  with  stone.  The  saper- 
structure  was  then  built  continuous  over  the  sunken  cribs.  The  st^nc^ 
ure  was  fully  completed  October  30, 1897.  The  structure  as  completed  is 
8  feet  above  water  level,  with  a  flat  deck  14  feet  wide  on  the  harbor 
side,  and  a  timber  slope  on  the  lake  side  extending  from  the  deck  to 
the  lake  face  1  foot  above  water  level.  At  the  outer  end,  30  feet  of 
superstructure  is  built  with  vertical  walls  to  the  height  of  the  deck 
planking  and  surmounted  by  a  pyramidal  day  beacon,  the  apex  of 
which  is  16  feet  above  mean  lake  leveL 

The  outer  end  of  the  superstructure  is  protected  with  3  fenders  of 
white  oak  timber,  6  by  12  inches,  extending  across  the  full  front  and  for 
7  feet  on  the  sides.  The  corners  are  further  protected  with  iron  straps, 
^  by  6  inches,  spiked  to  the  fenders.  The  top  ends  of  the  slope  timbers 
for  264  feet  were  painted  with  two  coats  of  carbolineum  avenarias,  the 
remainder  was  rounded  on  the  top  angle  and  covered  with  galvanized 
iron  sheets  one-eighth  inch  thick,  securely  spiked  to  the  timbers.  At 
the  reentrant  angle  at  the  junction  with  the  main  breakwater  the  slopes 
were  brought  together  and  thoroughly  bonded. 

Since  the  completion  of  this  structure  comparatively  quiet  water  is 
noted  in  the  inner  channel,  its  efiect  being  to  partially  impound  the 
waves  deflected  from  the  west  pier  across  the  channel  entrance. 

BEPAIBS  TO  WEST  PIEB. 

This  work  implies: 

First.  The  removal  of  the  decayed  superstructure,  including  the  stooe 
filling  to  2  feet  below  mean  lake  level,  over  a  section  of  the  pier  500  feet 
long  beginning  at  the  shore,  and  a  section  180  feet  long  110  feet  farther 
east. 

Second.  The  examination  and  repair,  where  necessary,  of  the  noder* 
lying  cribs. 

Third.  The  deposition  <4n  situ''  upon  the  prepared  foundation  and 
inside  of  molds,  bf  a  subaqueous  base  of  concrete  monoliths  of  a  Idft^ 
length  of  20  feet,  completely  covering  the  underlying  cribs. 
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Pourth.  The  bailding  of  a  concrete  superstructure  on  the  concrete 
ase. 

The  construction  details  are  illustrated  at  page  3106  in  the  Annual 
^port  of  the  Chief  of  Engineers  for  1897.  The  work  of  removing  the 
Id  superstructure  began  at  the  shore  end  on  July  2, 1897.  Previous 
>  this  date  the  contractor  was  employed  in  assembling  plant,  collect- 
ig  material,  etc.  Until  July  26  the  work  was  confined  exclusively  to 
le  removal  of  the  old  superstructure.  The  first  concrete  was  deposited 
1  this  date. 

The  underlying  cribs  were  found  to  be  in  irregular  alignment  and 
irface,  and  difficulty  was  experienced  in  making  the  sides  of  the  con- 
rete  molds  sufficiently  tight  to  exclude  wave  pulsation.  Adjacent  to 
tie  shore  line,  within  the  beach  limits,  the  base  sections  of  concrete 
rere  laid  dry,  temporary  cofferdams  having  been  constructed  of  sand 
lags  and  ihe  pits  pumped  out. 

In  deep  water  temporary  protection  cribs  3  feet  in  width  were  sunk 
»n  the  lake  side  a  few  feet  from  the  molds,  and  the  mold  boards  braced 
io  them.  This  method  of  protecting  the  work  answered  very  well  until 
'be  fall,  when  it  was  abandoned  and  If  inches  square  steel  bars  were 
Iriven  in  the  lake  bottom,  to  which  the  molds  were  fastened  by  staples. 

The  plant  for  handling  the  concrete  work  consisted  of  a  stone  crusher, 
^bical  mixer  with  a  capacity  of  2  cubic  yards,  and  a  double  track  nar- 
"owgauge  tramroad  built  along  the  bay  side  of  the  pier,  and  a  derrick 
Jto  of  proper  gauge  to  cover  the  four  tracks,  with  a  friction-geared 
listing  engine  and  a  '^ stiff-legged"  derrick  mounted  upon  it. 

The  material  used  for  the  concrete  was  first  class  in  every  respe(;t, 
Uid  the  greatest  care  was  taken  to  see  that  each  batch  of  concrete  w  as 
nade  of  proper  proportions.  The  mixer  delivered  the  concrete  into  a 
|he6t-iron  skip  with  hinged  bottom,  which  was  transported  to  the  work, 
ifted  by  the  derrick,  placed  in  position,  and  unloaded  through  the 
DOTable  bottom. 

The  general  method  adopted  for  laying  the  subaqueous  concrete  was 

0  build  up  one  corner  of  the  base  and  then  deposit  the  skip  loads  on 
Ms  mass  above  the  water  surface,  working  the  concrete  over  the  edges 
nth  shovels.  When  the  base  was  completed  the  superstructure  sec- 
Ions  were  built  up  by  placing  proper  molds,  inside  of  which  the  skip 
^ads  were  deposited  and  spread  to  a  thickness  of  about  6  inches  and 
horoughly  rammed,  the  sides  being  smoothed  with  a  long  narrow 
pade  before  the  mass  compacted.  Stones  taken  from  the  crib  filling 
t  hard  and  durable  quality  and  selected  sizes  were  incorix)rated  in  the 
eart  of  the  wall,  in  conformity  with  the  specifications.  The  interstices 
'ere  filled  with  concrete  and  rammed  to  thoroughly  unite  the  mass. 

Concrete  for  thQ  parapet  was  unloaded  on  a  platform  constructed  on 
)p  of  the  mold  frames  and  shoveled  to  position  in  layers.  The  top  of 
anquet,  parapet,  and  base  were  manipulated  to  smooth  surfaces  with- 
it  the  use  of  mold  boards. 

The  500-foot  section  of  this  concrete  work  adjoining  the  shore  was 
>mpleted  by  the  6th  of  November,  1897.  On  October  9  the  removal 
r  timber  superstructure  was  commenced  on  the  180-foot  section,  and 
W  many  delays  the  forms  were  set  for  the  subaqueous  concrete  base 

1  November  5  and  concreting  commenced.  A  severe  storm  that 
ght  not  only  washed  out  the  deposited  concrete,  but  wrecked  three 
nail  defective  cribs  in  the  lake  wall  of  this  section.  The  exposed  cribs 
ere  secured  and  work  suspended  for  the  winter. 

On  February  25,  1898,  a  supplemental  contract  was  made  with  the 
^Dtractor,  Mr.  E.  J.  Hingston^  for  a  crib  167  feet  long,  14  feet  wide^ 
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and  7  feet  deep,  to  replace  the  defective  cribs  in  the  lake  wall.  The 
constraction  of  this  crib  was  commenced  on  April  26, 1898,  and  com- 
pleted May  21, 1898.  The  foundation  was  prepared  and  the  crib  wa£ 
sank  May  31,  and  filled  with  stone  by  June  6, 1898. 

The  cement  used  on  the  work  is  Atlas  Portland,  made  near  Allen- 
town,  Pa.,  and  it  is  carefdUy  tested  before  use  in  the  work.  Up  tc 
June  If  1898,  219  samples  had  been  tested,  for  which  3,547  briquets 
were  made.  The  neat  cement  briquets  developed  the  following  average 
tensile  strength  per  square  inch  : 

In  twenty-four  hours,  384  pounds;  in  seven  days,  638  pounds;  ii 
twenty-eight  days,  724  pounds;  in  ninety  days,  770  pounds;  and  in  si^i 
months,  S)Q  i)ounds. 

The  briquets  made  of  one  part  of  cement  and  three  parts  standard 
crushed  quartz  sand  developed  the  following  average  tensile  strengtii 
per  square  inch: 

In  seven  days,  195  pounds;  in  twenty-eight  days,  264  pounds;  in 
ninety  days,  267  pounds;  in  six  months,  264  pounds. 

The  number  of  briquets  broken  after  ninety  days  and  six  montlu 
was  not  large. 

Everything  is  now  ready  for  completing  the  concrete  superstructure 
on  the  180-foot  section  of  the  west  pier  repair  work.  The  contractoi 
is  preparing  his  plant,  and  it  is  expected  that  within  a  short  time  aftei 
the  close  of  the  fiscal  year  the  work  will  be  completed. 

Breakwater  extension. — Under  the  project  and  the  existing  contrael 
the  breakwater  is  to  be  extended  to  the  eastward  310  feet.  The  super- 
structure of  this  extension  is  to  be  a  concrete  shell  filled  with  stone. 
The  construction  details  for  this  work  are  shown  opposite  page  3106  oi 
the  Annual  Report  of  the  Chief  of  Engineers  for  1897.  The  crib  con- 
struction for  this  extension  began  August  6, 1897,  and  the  cribs  were 
completed  August  24, 1897.  The  two  cribs  comprising  the  total  length 
were  30  feet  in  width ;  one  crib  was  150  feet  long  and  10  feet  deep,  the 
other  crib  was  150  feet  long  and  6  feet  deep.  The  cribs  were  sunk  od 
October  27  and  November  22,  and  were  completely  filled  with  stone  by 
the  4th  of  December.  Owing  to  a  reef  on  the  harbor  side  of  tl^  exten- 
sion, which  had  but  6^  feet  of  water  on  it  at  the  time  the  work  was 
done,  it  was  necessary  to  reduce  the  draft  of  the  deeper  crib  before  it 
could  be  towed  into  x>ositiou.  This  was  accomplished  by  securely  lash* 
ing  two  scuttled  scows  alongside  the  crib  to  serve  as  pontoons.  Tight 
boxes  of  the  full  area  of  the  crib  pockets  were  also  submerged  and 
wedged  in  tlrs  cribs.  When  the  buoyancy  of  the  submerged  fleet  was 
restored  the  draft  of  the  crib  was  decreased  from  7  to  5  feet,  and  it  was 
then  put  in  position. 

At  the  close  of  operations  for  the  season  of  1897  the  cribs  were  left 
without  protection  to  the  exposed  stone  filling  which  was  at  an  eleva- 
tion of  about  2  feet  below  mean  lake  level.  Storms  during  the  winter 
were  of  frequent  occurrence,  but  the  structure  weathered  them  withouC 
shifting  either  in  alignment  or  surface.  Sixteen  of  the  i>ost8  for  sup- 
porting  the  concrete  shell  of  the  superstructure  at  the  slope  angle  were* 
however,  washed  away,  and  must  be  replaced  at  the  expense  of  tha 
contractor. 

Operations  upon  the  superstructure  were  renewed  on  June  9, 180^- 
Upon  the  contractor's  request,  concrete  foot  blocks  were  substitute! 
for  the  corresponding  subaqueous  concrete  deposited  in  situ  in  the 
original  plans.  These  concrete  foot  blocks  were  made  10  feet  long,  ^ 
feet  wide,  and  3  feet  high,  and  when  placed  conform  to  a  top  elevatioa 
of  1  foot  above  mean  lake  level.  Each  of  the  blocks  for  the  lake  froni^ 
weighs  about  8  tons.    The  harbor- wall  blocks  each  weighs  about  7  tott** 
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The  work  of  placing  these  blocks  was  ander  way  at  the  close  of  the 
iiscalyear. 

There  is  submitted  herewith  a  view  of  operations  on  the  several 
i^orks  in  progress  under  the  existing  contract. 

Surveys. — No  surveys  were  made  during  the  year  except  those  inci- 
dental to  the  authorized  works  of  improvement. 

The  ice  conditions  during  the  winter  of  1897-98  were  unfavorable  for 
extended  examinations  of  the  basin  and  channel  area.  In  February 
the  established  ranges  for  basin  and  channel  excavation  were  verified 
by  precise  measurements  made  on  the  ice.  To  determine  the  location 
of  the  19-foot  curve  at  the  channel  entrance,  a  hydrographic  survey 
was  made  June  3, 1898.  Soundings  were  taken  on  six  lines  100  feet 
apart,  ranged  at  right  angles  to  the  east  range  of  the  channel.  The 
Boundings  cover  the  area  of  the  outer-channel  section  and  extend  approx- 
imately 100  feet  on  each  side  of  channel. 

The  work  was  done  by  regular  employees  without  incidental  expense. 

Repair  of  structures, — The  only  repairs  made  during  the  year  were 

minor  repairs  made  between  November  1  and  15, 1897,  by  hired  labor. 

The  work  consisted  in  replacing  some  of  the  lower  waling  on  the  west 

pier,  and  100  linear  feet  of  lower  waling  on  the  main  breakwater. 

The  top  ends  of  650  linear  feet  of  slope  timber  at  the  east  end  of 
the  breakwater  were  painted  with  one  coat  of  iron-ore  paint  mixed 
with  the  best  quality  of  boiled  linseed  oil,  at  a  cost  of  938.95. 

It  is  expected,  under  the  existing  contracts  and  with  the  money  avail- 
able, to  complete  the  project  during  the  present  season's  operations. 
There  is,  therefore,  no  need  for  further  appropriations  under  the  exist- 
ing project. 

Money  statement. 

July  1, 1897^  balance  anezpended $398, 919. 65 

June  30, 1898,  amount  expended  daring  fiscal  year 257, 100. 00 

Jaly  1, 1898,  balance  unexpended 141,819.65 

July  1, 1898,  outstanding  liabilities $500.00 

July  1, 1898,  amount  covered  by  uncompleted  contracts 129, 685. 40 

130, 185. 40 

July  1, 1898,  balance  available 11,634.25 


StaUmeni  of  appropriations  and  allotmenta  for  improving  the  harbor  at  Dunkirk,  N,  Y,, 

from  March  jP7, 1827,  to  the  present  time. 


March  27,1827 $3,000.00 

May  19, 1828 6,000.00 

March  3, 1829 9,812.75 

Apnl23,1830 1,342.75 

March  2, 1831 7,102.50 

July  3, 1832 10,200,00 

June  28, 1834 4,000.00 

March  3, 1835 10,988.43 

July  2, 1836 11,000,00 

March  3, 1837 15,000. 00 

July7,1838 10,000.00 

June  11, 1844 5,000.00 

August  30, 1852 30,000.00 

March2,1867 100,000.00 

1869 2,000.00 

July  11, 1870 25,000.00 

March  3, 1871 25,000.00 

June  10, 1872 25, 000.00 


March  3, 1873 $48,132.95 

June23,1874 35,000.00 

March  3, 1875 85,000.00 

August  14, 1876 18,000.00 

1879 2,500.00 

June  14, 1880 10,000.00 

July  5, 1884 10,000.00 

August  5, 1886 20,000.00 

August  11, 1«88 15,000.00 

September  19, 181)0 20, 000. 00 

July  13, 1892 20,000.00 

August  18, 1894 20,000.00 

June3,1896 10,000.00 

June  4, 1897 398,258.00 

May,  1897,  repaymeut .50 

Total 962,337.88 
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Contracts  in  force  at  close  of  fUcal  year. 


Contractor. 

Date. 

Date  of  ap- 
proval. 

Date  of  be. 
ginning  work. 

Date  of  expi- 
ration. 

Bemarkft. 

Edward  J.  Hingaton, 
Buffalo,  N.Y. 

Do.a 

Apr.  15, 1897 

Avg.  11, 1897 
Jan.  26,1898 

Apr.  2«,  1897 

Aug.  28, 1807 
Feb.  25, 1898 

May   5,1897 

Aug.  28, 1897 
Apr.  26, 1806 

Oct.  15,1888 

do 

do 

For  harbor  excsTatia 
and  breakwater  u- 
tension. 

Harbor  excaratien  to 

Do.a 

increatted  depth. 
Replacing  derectiT* 
cribe  in  weel  pier. 

a  Supplemental  to  contract  of  April  15, 1897. 


COBOfERClAL  STATISTICS  OF  DUNKIRK  HARBOR,  NRW  YORK. 

Arrivals  and  departures  of  vessels  for  the  year  ending  December  SI,  1897. 


Vessels. 


Steam 
Sail... 


Total, 


Arrivals  from  home 
ports. 


Number. 


03 
8 


101 


Registered 
tonnage. 


3,242 
4,206 


7,447 


Departures  to  honn 
ports. 


Number. 


8 


96 


Registered 
toonsga- 


l» 


Total  arrivals  and  departures,  197 :  tonnage,  14,745. 

Increase  in  tonnage  from  1896,  2,585  tons. 

Amount  of  revenue  collected  for  year  ending  December  31,  1897,  rail,  $231.47. 

Value  of  imports,  all  rail,  $3,313.61. 

Value  of  exports,  none. 

No  new  lines  of  transportation  established.  ^ 

Receipts  by  lake:  Lumber,  10,664  tons;  stone,  14,826  tons;  fish,  8  tons;  total, 25,4'^ 
tons. 

Shipments  by  lake,  none. 

Enrolled  tonnage,  port  of  Dunkirk,  K.  Y.,  98.20  tons,  gross. 

Greatest  draft  of  vessels,  11  feet. 

The  following  table  gives  the  total  of  the  arrivals  and  departures  and  the  tonoa^ 
of  the  vessels  arriving  and  departing  for  the  past  ten  years,  as  compiled  froiB  v^ 
Reports  of  the  Chief  of  Engineers : 


Total  of  arrivals  and  departures 

Tonnage  of  arriving  and  departing  vessels. 


1888. 


32 
12.302 


1888. 


88 
17,189 


1890. 


100 
22,496 


1891. 


96 
24,465 


I8tt 
9 

]gfl' 


Total  of  arrivals  and  departures 

Tonnage  of  arriving  ana  departing  vessels. 


1893. 


187 
19,158 


1894. 


76 
18,763 


1895. 


69 
15,650 


1886. 


4S 

12,100 


NN3, 

IMPROVEMENT  OF  BUFFALO  HARBOR,  NEW  YORK. 
ORiaiNAL  CONDITION  OF  THE  HABBOB. 

Buffalo  Greek  was  the  original  harbor  of  the  port  of  Buffalo.  In  W 
orifi:iDal  condition  it  was  shallow  and  closed  by  a  gravel  bar  for  mostol 
the  year. 
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PROJECTS  FOB  IMPROVEMENT. 

^  Btatement  as  to  the  former  projects  nnder  which  the  work  at  Buffalo 

B  been  carried  ou  by  the  General  Government  is  given  in  the  Annual 

port  of  the  Chief  of  Engineers  for  1896,  page  3110. 

ri^  works  built  by  the  United  States  which  require  care  and  super- 

lion  are  the  north  and  south  piers  protecting  the  entrance  to  Buffalo 

eek  and  the  Black  well  Ship  Canal,  and  an  outer  breakwater  7,608.6 

it  long,  built  of  timber  and  stone.    The  superstructure  on  3,879.13 

^t  of  this  length  has  been  replaced  with  concrete. 

There  is  also  a  sand-catch  pier  exteudinrr  out  from  the  lake  shore  to 

9  established  pierhead  line,  a  distance  of  1,148  feet 

The  project  in  force  for  the  further  improvement  of  Buffalo  Harbor  is : 

(1)  To  maintain  existing  structures,  making  the  requisite  minor  repairs 
d  replacing  the  wooden  superstructure  of  the  breakwater  with  con- 
dte  when  necessary. 

(2)  To  build  an  extension  of  the  breakwater  from  its  present  southern 
id  to  Stony  Point,  leaving  the  necessary  openings  for  the  convenience 

commerce. 

(3)  To  extend  the  sand-catch  pier  to  the  established  pierhead  line. 
s  long  as  only  minor  repairs  are  needed,  the  cost  of  maintenance  of 
isting  structures  is  estimated  at  $2,000  per  year.    There  is  a  stretch 

1,015  feet  of  wooden  breakwater  lying  between  the  two  concreted 
^itions  which  will  soon  require  to  have  its  superstructure  replaced 
th  concrete.  This  is  the  portion  which  gave  the  most  trouble  in  build- 
g  and  where  the  foundation  and  superstructure  are  most  insecure. 
^e  timber  crib  portion  at  the  outer  end  of  the  south  pier,  350  feet  in 
igth,  requires  a  new  top  course  of  superstructure  and  decking. 
7he  next  river  and  harbor  act  should  provide  for  replacing  this  1,015 
^t  with  concrete  and  for  the  repairs  on  the  south  pier.  It  is  estimated 
at  the  concrete  superstructure  of  the  1,015  feet  of  the  old  breakwater 
II  cost  $125  per  foot,  or  $126,875,  and  the  south  pier  repairs  $5,000; 
:al,  $131,875. 

Cwo  years  of  other  repairs  will  cost  $4,000,  making  an  estimate  for 
^  cost  of  maintenance  for  the  immediate  future  of  $135,875. 
Tb  accordance  with  the  authority  contained  in  the  river  and  harbor 
\  of  June  3, 1896,  the  work  of  extending  the  breakwater  to  Stony 
int  and  the  sand-catch  pier  to  the  pierhead  line  was  advertised,  and 
)  contract  was  awarded  to  Hughes  Bros.  &  Bangs,  of  Syracuse,  N.  Y. 
binder  this  contract  the  work  of  dumping  stone  in  the  rubble-mound 
^kwater  was  started  May  19,  1897^  and  of  building  cribs  for  the 
iber-crib  breakwater  July  23,  1897,  and  has  continued  ever  since 
-ept  during  the  winter.  Work  on  the  sand-catch  pier  was  started 
ky  25, 1897,  and  completed  October  22, 1897. 

D^nder  the  head  of  '< report  of  operations"  are  given  the  details  of  the 
^Tk  of  repair,  maintenance,  and  new  construction. 
Fhe  total  amount  expended  by  the  United  States  on  the  improvement 
Buffalo  Harbor  to  June  30, 1897,  was  $2,722,733.15. 
The  amount  of  money  expended  by  the  United  States  during  the 
cal  year  ending  June  30, 1898,  was  $153,457.07. 

BEPOBT  OF  OPERATIONS. 

Repairs  to  existing  structures. — "No  work  was  done  on  the  north  and 
ith  piers  during  the  year,  except  that  about  20  linear  feet  of  waling 
the  south  pier,  which  was  crushed  by  the  steamer  North  West  running 
0  the  pier,  was  fully  repaired  by  the  owners  of  the  vessel. 
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No  repairs  were  made  on  the  breakwater,  the  old  parts  of  the  wood 
snperstrnctare,  viz,  1,015  linear  feet  bailt  in  1873-1877  and  1,485  linear 
feet  built  in  1884-85,  remaining  intact  after  the  considerable  repairs 
made  in  1896. 

Under  authority  of  the  Secretary  of  War,  dated  December  14, 1895, 
arrangements  were  made  with  dredging  contractors  operating  in  ^affalo 
Harbor  to  dump  clean  rock  and  hardpan  dredgings  along  the  front  of 
the  breakwater.  This  placement  was  continued  throughout  the  year, 
the  material  being  dumped  close  along  the  lake  face,  between  Stations 
20  and  40,  to  form  a  revetment  for  the  crib  work. 

To  further  raise  this  protection  along  the  portion  of  old  timberwork, 
built  in  1873-1877,  so  as  to  gradually  get  it  into  position  for  rebuilding 
with  concrete,  the  arrangements  made  with  contractors  last  year  to 
place  such  masses  of  rock  as  they  might  have  for  disposal  immediatelj 
adjacent  to  the  breakwater  were  continued  during  this  fiscal  year. 
This  riprap,  which  is  composed  of  large  blocks  of  stone,  is  all  handled 
with  a  derrick  and  placed  carefully  in  position  in  front  of  the  break- 
water.   For  a  long  distance  it  reaches  above  water  level. 

Cable  yard*. 

Riprap  placed  and  paid  for,  fiscal  year  1897 317.2S 

Riprap  placed  and  paid  for,  fiscal  year  1S98 526.60 

Total 843.86 

Cost,  at  $1.20  per  cubic  yard,  $1,012.63. 

Besides  the  riprap  handled  by  a  derrick  and  paid  for,  there  was 
deposited  from  dump  scows  without  expense  to  the  United  States 
about  100,000  cubic  yards  of  rock  and  other  good  filling  material. 

JDumping  dredgings. — A  constant  supervision  was  maintained  over 
the  dumping  of  dredgings  from  the  various  works  of  excavation  carried 
on  by  the  State  and  city  authorities  and  private  parties  in  Buffalo 
Eiver,  the  City  Ship  Canal,  and  the  Erie  Canal.  Work  of  this  kind  is 
constantly  going  on,  and  the  disposal  of  the  dredgings  is  a  matt^ 
requiring  constant  and  serious  consideration  in  order  that  the  interests 
of  navigation  may  not  sufi'er.  With  the  exception  of  the  clean  rock  and 
hardpan  dredgings  deposited  along  the  breakwater,  all  dredgings  wen 
required  to  be  dumped  on  the  authorized  dumping  ground  in  Lake  Erie 
at  the  mouth  of  Smoke  Creek,  where  a  buoy  was  maintained  to  regulate 
the  dumping. 

Sounding  scow, — The  necessity  of  constant  and  elaborate  investigi^ 
tion  by  soundings  of  the  condition  of  work  as  it  progresses  on  breal:- 
water  construction  made  it  imperative  to  secure  a  sounding  scow  sai^ 
able  for  conducting  this  work  with  rapidity  and  accuracy.  A  scow  was 
therefore  designed  which  would  admit  of  readily  making  and  locating 
soundings  over  cross  sections  of  the  rubble-mound  breakwater  and  tba 
trench  excavated  for  the  timber-crib  breakwater.    In  order  to  securt 

■ 

as  many  cross  sections  as  possible  without  changing  the  boat's  posi- 
tion the  scow  was  built  with  two  hulls,  each  10  feet  wide  and  120  M 
long,  separated  by  an  open  space  10  feet  wide,  thus  forming  a  cats- 
maran.  By  this  arrangement  four  parallel  cross  sections  10  feet  ap^ 
can  be  sounded  from  one  position  ot  the  scow. 

Two  deck  houses,  each  8  by  10  feet  in  size,  were  built  on  the  sco^* 
one  to  serve  as  a  plotting  and  computing  room  and  one  as  a  storeroo^ 
for  lines,  etc.  The  scow  is  provided  with  a  crank  capstan  at  each  end 
for  handling  anchor  and  mooring  lines.  The  hulls  of  the  scow  were 
built  of  3  feet  depth  only,  in  order  that  the  deck  might  be  as  lowa^ 
possible  to  facilitate  sounding  operations,  and  were  provided  with  suit- 
able trussing  and  bracing  to  secure  stiffness. 
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rhe  scow  was  bailt  under  a^eement  with  Charles  A.  Dennis,  Bnttalo, 
Y.,  the  lowest  bidder,  in  September  and  October,  1897,  at  a  cost  of 
,890.90.    It  proved  to  be  adequate  in  strength  and  to  fully  meet  the 
[^nirements  of  the  work. 

Steam-inspection  vessel. — In  conducting  the  works  of  improvement  at 
i^^o  and  elsewhere  in  the  district  it  is  essential  to  have  at  command 
steamer  fitted  for  service  om  the  open  lake,  in  harbors,  and  on  canals. 
ne  best  boat  available  by  charter  at  a  moderate  cost  was  employed  at 
le  beginning  of  the  fiscal  year.  It  proved  to  be  unfit  for  service  in 
le  lake  except  during  calm  weather,  and  also  unfit  to  withstand  the 
ugh  usage  to  which  a  small  vessel  is  liable  to  be  subjected  in  a  crowded 
irbor  like  that  of  Buffalo.  The  latter  fact  was  demonstrated  when 
le  chartered  yacht  was  run  down  and  sunk  on  September  28, 1897,  by 
I  excursion  steamer  at  the  Bufialo  Harbor  entrance.  The  engineer  of 
le  yacht  was  drowned  and  the  officer  in  charge,  assistant  engineer, 
id  captain  of  the  yacht  narrowly  escaped  drowning. 
A  good,  sturdy  vessel  of  the  tug  type,  with  proj)er  housing  and 
MX>mmodations,  being  deemed  most  suitable  for  the  service  required, 
ithority  was  asked  and  obtained  to  build  one.  The  vessel  as  built  is 
good,  plain,  substantial  steel  steamer,  60  feet  length  of  keel,  70  feet 
ugth  over  all,  15  feet  beam,  and  8  feet  depth  of  hold,  supplied  with  a 
impound  engine  12  inch  and  22-inch  by  16-inch  stroke,  a  propeller  of 
r  feet  diameter,  and  a  water- tube  boiler  for  a  working  pressure  of  150 
>unds,  at  which  pressure  the  engine  must  develop  200  revolutions  per 
inute. 

Bids  were  opened  December  15, 1897,  bidders  submitting  their  own 
isigus,  and  an  agreement  was  entered  into  December  20, 1897,  with 
le  Oraig  Shipbuilding  Company,  Toledo,  Ohio,  the  lowest  bidder,  for 
mstructing  the  vessel  at  a  cost  of  $11,970. 

The  vessel  was  delivered  at  Buffalo  on  April  24,  and  placed  in  com- 
ission  and  accepted  after  a  final  inspection  and  speed  trial  on  May  2, 
(98,  which  fully  met  the  specifications. 

Surveys. — No  special  surveys  were  made  during  the  year.  Examina- 
ons  incidental  to  the  authorized  works  of  improvements  were  made  as 
Hows: 

Of  the  north  and  south  United  States  piers  and  the  channel  between 
lem  in  December,  1897. 

With  the  data  thus  obtained  a  new  map  of  the  piers  and  channel  was 
repared. 

Sand-catch  pier  extension. — The  work  of  extending  the  sand-catch 
ier  to  the  established  harbor  line  was  begun  by  the  contractors, 
inghes  Bros.  &  Bangs,  on  May  25, 1897.  The  work  was  delayed  by 
»ugh  weather,  but  was  fully  completed  on  October  22,  1897.  The 
ngth  of  the  extension  was  278  linear  feet,  making  the  total  length  of 
le  structure  1,148  linear  feet.  The  extension  is  a  pile  pier,  built  of 
brway-pine  piles  35  feet  long,  driven  close  together  in  two  parallel 
>W8  8  feet  apart,  and  penetrating  15  feet  into  the  bed  of  the  lake. 
be  tops  of  the  piles  are  6  feet  above  water  level.  The  pile  walls  thus 
»rmed  are  firmly  bound  with  Korway-pine  walings  12  inches  below 
leir  tops  on  the  inner  and  outer  faces  of  the  piles  and  bolted  to  them 
ith  screw  bolts.  The  walls  are  further  bound  together  with  tie-rods 
feet  apart.  At  the  outer  end  a  cross  wall  similarly  constructed  closes 
le  end.  The  inclosed  space  is  filled  with  stone  to  the  top  of  the 
alings. 
The  total  cost  of  the  extension  was  $6,632.44,  or  $23.85+,  per  linear 
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Daring  the  past  winter  the  outer  50  feet  of  the  stmctare  was  canted 
over,  due  to  scour  and  ice  pressure,  so  that  the  piling  stands  inclined 
at  an  angle  of  about  45^  instead  of  vertical.  The  structure  Is,  how- 
ever, intact  and  its  utility  is  in  no  way  impaired. 

Breakwater  construction. — This  work  consists  of  the  construction  of 
the  extension  of  the  Buffalo  breakwater  southward  to  Stony  Point, 
leaving  the  necessary  openings  for  the  convenience  of  commerce,  in 
accordance  with  the  existing  project,  which  is  based  upon  the  report  of 
the  Board  of  Engineers  of  July  1, 1895,  and  the  river  and  harbor  act  of 
June  3, 1896.  The  revised  plans  governing  the  location  and  construc- 
tion are  those  given  in  Major  Symons's  modification  of  plan  and  loca- 
tion  for  breakwater  at  Buffalo,  N.  Y.,  dated  April  6, 1896,  and  approved 
by  War  Department  indorsement  of  August  11, 1896. 

These  plans  provide  for  the  construction  of  a  section  of  breakwater 
9,700  feet  in  length,  beginning  at  a  point  even  with  the  southerly  end 
of  the  old  breakwater  but  250  feet  lakeward  therefrom,  so  as  to  leave  a 
fair-weather  entrance,  and  extending  thence  southerly  in  a  straight  line. 
The  northerly  5,000  feetof  breakwater  to  be  of  the  approved  rubble-mound 
type,  which  in  its  outer  form  is  modeled  upon  the  Delaware  Breakwater, 
and  the  remaining  4,700  feet  to  be  of  the  approved  timber-crib  type, 
mounted  upon  an  artificial  foundation  extending  down  to  solid  rock. 
Another  section  of  timber-crib  breakwater  2,800  feet  in  length  is  pro- 
vided for,  which  extends  out  from  the  shore  at  Stony  Point  in  a  north- 
westerly direction,  leaving  an  entrance  600  feet  wide  between  the  two 
structures. 

A  map  of  Buffalo  Harbor,  showing  the  location  of  the  breakwater 
extension,  is  herewith;  also  drawings  showing  typical  cross  sections  of 
the  rubble-mound  and  timber-crib  structures  composing  the  extension. 

The  work  is  under  the  continuous-contract  system,  and  is  being  done 
by  Hughes  Bros.  &  Bangs,  of  Syracuse,  N.  Y.,  under  contracts  of  Jan- 
uary 27  and  28, 1897,  and  supplemental  contract  of  April  26,  1898. 

Ruhhle-mound  hreakicater. — Construction  was  begun  on  May  19, 1897, 
on  the  rubble-mound  breakwater,  and  at  the  beginning  of  the  fiscal 
year  13,861.27  tons  of  small  rubblestone  had  been  placed  on  the  north- 
erly 1,000-foot  section  in  small  ridges  along  the  lake  side  and  harbor- 
side  footings  of  the  proposed  structure. 

Previous  to  the  actual  work  of  construction  the  axial  line  of  the 
breakwater  structure  had  been  marked  by  large  range  targets  located 
at  Stony  Point  and  on  the  existing  breakwater,  and  clusters  of  three 
piles  each  had  been  driven  on  the  axial  line  and  on  the  extreme  side 
lines  for  the  northerly  1,000-foot  section.  A  system  of  anchor  buoys 
had  also  been  set  for  mooring  scows  while  placing  stone  in  the  work. 

Similar  range  piles  had  been  set  by  July  3,  1897,  for  the  second 
1,000-foot  section,  and  the  building  up  of  the  tooting  ridges  with  rubble- 
stone was  carried  on  continuously  over  the  two  sections.  The  placing 
of  gravel  hearting  between  the  footing  ridges  was  begun  on  July  8, 
the  gravel  being  supplied  in  large  dump  scows,  into  which  it  is  loaded 
by  a  dredge  excavating  it  from  the  bed  of  JS^iagara  River  off  the  foot 
of  Ferry  street,  Buffalo,  about  5  miles  from  the  breakwater  8it«.  The 
gravel  is  of  most  excellent  quality,  being  composed  of  particles  of 
sound  stone  varying  from  3  to  4  inches  diameter  down  to  ordinary 
coarse  sand.  On  account  of  the  great  swiftness  of  the  water  in  the 
Niagara  River  between  Lake  Erie  and  the  point  where  it  is  dredged 
special  arrangements  were  required  for  towing.  At  first  two  to  four 
of  the  small  Buffalo  Harbor  tugs  were  used  to  tow  up  a  loaded  scow. 
Then  a  large  tug  from  Detroit  was  brought  to  the  work,  but  it  failed 
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o  satisfactorily  meet  the  requirements.  Then  the  method  was  tried 
>f  anchoring  a  dredge  at  the  head  of  the  rapids  and  nsing  it  as  a  sta- 
iionary  engine  to  pall  up  the  gravel  scow  by  a  cable  ran  down  the 
iver.  This  did  not  sacceed.  At  last  a  tag  was  devised  suitable  for 
;he  work,  and  it,  the  Chas.  F.  Dunbar j  is  now  in  commission  and  easily 
>ring8  up  a  large  scow  containing  550  cubic  yards  of  gravel.  The  tug 
8  large  and  powerful,  and  its  engine  and  propeller  wheel  are  suited 
or  use  in  the  swift  water  of  the  river. 

The  work  of  building  up  the  rubble-mound  structure  was  thence- 
brward  carried  on  by  building  up  the  footing  ridges  and  depositing 
;be  gravel  hearting  between  them,  care  being  taken  to  keep  the  two 
operations  in  proper  correlation,  so  as  to  secure  as  nearly  as  possible 
ihe  designed  cross  section  of  the  mound. 

By  the  1st  of  August,  1897,  the  work  in  the  first  and  second  l,0(X)-foot 
lections  had  advanced  to  the  point  where  large  rubblestone  and  cap- 
>ing  stone  were  essential  to  further  progress.  The  contractors  had  up 
70  this  time  obtained  rubblestone  of  small  size  only  from  the  debris 
>i]es  along  the  rock  cut  of  the  Erie  Canal  just  west  of  Lockport,  K.  Y. 
the  large  rubble  and  capping  stone  was  to  be  supplied  from  quarries 
>eing  opened  by  the  contractors  at  Windmill  Point,  Ontario,  Canada. 
These  quarries  are  near  the  Canada  shore  of  Lake  Erie  and  about  4 
niles  from  the  site  of  the  breakwater.  Delays  in  opening  them  mate- 
-ially  delayed  progress  on  the  first  and  second  1,000-foot  sections,  and 
lot  until  August  17  was  the  first  load  of  large  rubble  received  and 
ihenceforward  it  was  supplied  in  only  limited  quantities.  It  was  there- 
ore  apparent  that  in  order  to  advance  the  work  as  much  as  possible 
t  would  be  advisable  to  begin  the  construction  of  the  third  1,000- 
bot  section,  and  thus  admit  of  placing  the  small  rubble  from  Lockport, 
rhich  was  being  regularly  supplied.  Eange  piles  were  therefore  set  for 
be  third  1,000-foot  section,  and  when  the  setting  was  completed  on 
Aug^QSt  23,  1897,  the  rubble-mound  construction  was  begun  in  that 
tection. 

Daring  the  remainder  of  the  season  of  1897  rubble-mound  construc- 
aon  progressed  slowly  in  the  three  1,000-foot  sections.  Several  range 
>ile8  were  carried  away  by  storm  and  replaced  September  10  to  15. 
diis  delayed  work  somewhat,  but  the  limited  supply  of  large  rubble- 
itone  and  gravel  was  a  serious  drawback.  The  large  rubblestone  as 
isust  as  supplied  was  placed  in  the  first  1,000-foot  section,  with  the  object 
if  raising  at  least  a  portion  of  this  section  above  water  and  beginning  the 
^lacing  of  the  large  capping  stone  on  the  lake  slope  as  quickly  as  pos- 
ible.  Persistent  urging  was  necessary  to  induce  the  contractors  to 
»a8h  the  delivery  of  all  classes  of  stone  and  of  gravel,  but  nevertheless 
he  delivery  was  slow.  On  September  23  the  rubble-mound  structure 
lad  reached  an  elevation  of  15  feet  below  mean  lake  level  for  a  length  of 
00  feet  in  the  northerly  1,000-foot  section,  and  the  work  of  covering  the 
ravel  hearting  with  large  rubblestone  was  begun.  Preferably  this 
overing  would  have  been  done  at  5  feet  higher  elevation,  but  the  late- 
ess  of  the  season  and  danger  from  fall  storms  necessitated  protecting 
he  gravel  hearting  from  storm- wave  action,  which  is  probably  efiective 
0  15  feet  or  more  depth. 

While  the  rubblestone  was  being  placed  over  the  gravel  the  lake 
lox>e  in  this  limited  section  was  also  roughly  prepared  to  receive  the 
fcrge  capping  or  revetment  stone.  On  October  23  the  first  scow  load-^ 
nd  the  only  one  during  the  season  of  1897 — of  this  stone  was  received, 
nd  the  placing  of  the  footing  course  of  the  revetment  at  the  prescribed 
»vel  of  15  feet  below  mean  lake  level  was  begun.    These  stones  average 
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over  five  tons  in  weight,  and  mnat  necessarily  be  lowered  in  place  with 
a  derrick.  The  derrick  famished  by  the  contractor  was  improvised  on 
an  old  dredge  and  it  proved  inefficient.  The  placing  of  the  scow  load 
of  about  60  blocks  of  stone,  weighing  383^4  tons,  was  not  completed  nntil 
October  27. 

The  lack  of  sapply  of  this  stone,  the  lack  of  plant  for  handling  them, 
and  the  stormy  weather,  all  contribnted  to  the  failore  to  place  more  of 
the  revetment  during  the  remainder  of  the  season.  A  storm  on  Novem- 
ber 5  carried  away  12  range  piles,  and  unfavorable  weather  otherwise 
contributed  to  slow  progress  during  November.  The  last  load  of  rub* 
blestone  on  hand  was  placed  on  Deceqiber  4,  when  work  stopped  for 
the  winter. 

At  the  close  of  operations  for  the  season  of  1897  the  top  of  the  rub- 
ble mound  structure  had  reached  an  elevation  of  5  to  10  feet  below 
mean  lake  level  in  the  first,  or  northerly,  1,000-foot  section ;  14  to  20 
feet  below  in  the  second  l,0()0-foot  section,  and  20  feet  below  in  the 
third  1,000-loot  section.  One  scow  load  of  383.4  tons  of  revetment  stone 
had  been  placed  between  stations  4  and  5,  on  the  first  1,000  foot  section. 

During  the  winter  the  contractors  built  four  ]arge  decked  scows, 
three  of  which  were  fitted  with  modem  and  efficient  derricks  and  hoist- 
ing engines  designed  to  handle  the  large  stone  on  the  rubble-mouud 
work. 

The  preliminary  work  for  resuming  operations  for  the  season  of  1898, 
such  as  resetting  the  range  piles,  all  of  which  were  carried  away  by  ice 
during  the  winter,  planting  anchor  baoys  removed  at  the  close  of  last 
season's  operations,  fitting  out  scows,  etc.,  was  done  daring  the  first 
half  of  April. 

Construction  work  was  begun  on  April  18,  operations  being  confined 
to  the  placement  of  gravel  and  large  rubblestone  supplied  from  the 
Canadian  quarries  during  the  balance  of  the  month  of  April. 

On  the  opening  of  the  Erie  Canal,  on  May  9,  the  delivery  of  small 
rubble  from  Lockport  was  resumed.  This  was  used  for  continuing  the 
leveling  up  of  the  lake  slope  in  the  first  1,000-foot  section,  and  on  May 
14  the  placing  of  the  large  stone  revetment  on  this  prepared  slope  was 
resumed. 

Extremely  favorable  weather  during  May  and  June  gave  unusual 
opportunity  for  rapid  progress.  The  supply  of  large  rubble  and  cap- 
ping stone  was,  however,  limited,  and  progress  was  slow  in  conse- 
quence. The  rubble-mound  construction  was  carried  on  in  the  three 
l,000foot  sections,  and  at  the  close  of  the  fiscal  year  the  rubble-mound 
structure  was  in  the  following  condition: 

First  1,000-foot  section:  For  nearly  its  entire  length  the  mound  is  5 
feet  above  water  surface,  and  the  lake  slope  has  been  about  two-thirds 
revetted  with  large  stone  for  310  linear  feet. 

Second  1,000  foot  section  has  an  elevation  from  5  feet  below  water 
surface  to  the  level  of  water  surface. 

Third  1,000-foot  section  has  an  elevation  of  10  to  15  feet  below  water 
surface. 

The  stone  which  has  so  far  been  put  in  the  rubble-mound  breakwater 
is  from  four  sources: 

First.  From  the  spoil  banks  along  the  Erie  Canal,  near  Lockport, 
N.  Y.  This  is  brought  to  the  work  in  canal  boats  and  unloaded  directly 
therefrom  on  the  work,  except  during  prolonged  bad  weather,  when  the 
canal  boats  are  unloaded  into  dump  scows,  which  are  then  towed  to  the 
proper  place  and  dumped. 

Second.  The  main  source  of  supply  is  from  the  contractors'  quarries^ 


APPENDIX  N  N — KEPORT  OP  MAJOR  SYMONS.     2763 

^ndmill  Point,  Canada.  This  stone  is  brought  to  the  work  both  in 
ip  8COWS  and  on  deck  scows. 

bird.  A  considerable  quantity  of  stone  has  been  procured  in  the 
OTal  of  the  wrecked  shore  arm  of  the  breakwater,  which  shore  arm 
,  abolished  by  the  approved  plans  for  the  breakwater  extension  to 
ny  Point.  Its  removal  to  a  depth  of  22  feet  is  a  requirement  of  the 
iting  contract.  The  contractors  placed  the  stone  removed  from  this 
shore  arm  into  the  rubble-mound  structure. 

'ourth.  The  Buffalo  Dredging  Company  is  employed  in  deepening 
channel  of  Buffalo  Creek  above  the  Louisiana  street  bridge  by 
avating  rock  therefrom.  The  breakwater  contractors  have  purchased 
le  of  this  stone,  which  has  been  put  into  the  rubble  mound. 
?h6  following  is  a  summary  of  the  material  placed  in  the  rubble- 
und  structure  during  the  fiscal  yeap  1898: 

>ble  stone  from  Lockport,N.  Y tons..  44,345.88 

>ble  stone  from  wrecked  United  States  breakwater  arm do. ..  20, 912.45 

>ble  stone  from  Buffalo  Creek, New  York do...  14,744.18 

Total  from  United  States do...  80,002.51 

Me  stone  from  Windmill  Point,  Canada .do...  62j050.22 

ge  capping  stone  from  Windmill  Point,  Canada do. . .    3, 251. 10 

Total  from  Canada do...  65,301.72 

Tel  from  Niagara  Riyer,  New  York cubic  yards..  92,279.00 

rimber  crib  breakwater, — ^The  section  of  timber  crib  breakwater^  to  be 
mt  2,800  feet  long,  jutting  out  from  Stony  Point  and  reaching  to  the 
in  southern  opening,  is  first  to  be  built  complete,  and  the  first  work 
the  timber  crib  breakwater  was  therefore  the  construction  of  the 
[>s  of  reduced  section  adapted  to  the  shoal  water  at  Stony  Point. 
?he  framing  of  cribs  for  this  portion  of  the  work  was  begun  on  July 
1897;  excavation  for  crib  foundations  was  begun  July  26, 1897,  and 
\  shore  crib  at  Stony  Point  was  sunk  in  place  August  26, 1897.  A 
nch  4  feet  deep  was  excavated  in  the  natural  clay  and  bowlder  for- 
tion  of  the  point,  and  upon  this  the  crib  was  founded. 
•"oar  additional  cribs  of  similar  depth  and  similarly  founded  were 
ced  in  extension  of  the  initial  crib.  These  five  cribs,  each  60  feet 
Qj  16  feet  wide,  and  4  feet  deep,  constitute  the  cribbing  of  the  smallest 
uced  section  of  breakwater  construction,  300  feet  long,  and  carry  the 
icture  out  to  about  5  feet  depth  of  water*  A  crib  120  feet  long,  16 
b  wide,  and  8  feet  high  was  next  sunk  in  extension  and  forms  the 
3bing  of  the  second  reduced  section.  The  inner  40  feet  of  this  crib 
3  founded  upon  the  natural  clay  and  bowlder  formation  excavated  to 
epth  of  8  feet.  At  this  point,  370  feet  from  the  shore  and  of  the 
iber  crib  work,  the  bottom  formation  became  too  soft  to  bear  the 
3,  and  the  trench  was  excavated  to  a  depth  of  25  feet  and  back  filled 
h  gravel,  over  which  was  placed  a  layer  of  foundation  stone  about 
eet  thick  leveled  to  the  proper  grade.  Upon  this  the  outer  80  feet 
the  crib  was  founded. 

Dhis  crib  was  sunk  on  October  19,  and  as  the  contractors  lacked  the 
iBt  necessary  for  deep-trench  excavation,  no  more  cribs  could  be 
iced  during  the  season  of  181)7. 

Dhe  building  of  timber  superstructure,  8  feet  high  over  420  feet  of 
bbing,  was  begun  on  September  11.  On  October  23, 180  linear  feet 
1  been  fully  completed.  Superstructure  construction  was  continued 
the  remaining  240  linear  feet  until  November  5,  when  a  severe  storm 
Ifted  the  outer  end  of  the  cribbing  1  foot  out  of  line.    This  displace- 
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ment  was  due  to  contractors  not  properly  protecting  the  outer  end  of 
the  cribbing. 

Owing  to  the  lateness  of  the  season,  the  contractors  decided  to  post- 
pone rectification  of  the  displaced  cribbing  until  spring,  and  no  more 
snperstractnre  work  was  done. 

Daring  November  a  rubble  wall,  122  feet  long,  14  feet  wide  at  bottom, 
6  feet  wide  at  the  top,  and  built  up  to  the  level  of  the  timber  crib  super- 
structure, 8  feet  above  mean  lake  level,  was  constructed  across  the 
weather  beach  from  the  shore  end  of  the  timber-crib  structure  to  the 
crest  of  the  beach. 

The  building  of  timber  cribs  at  the  contractors'  yard  at  Tifft  Farm 
was  stopped  on  December  11, 1897,  and  all  operations  closed  for  the 
season. 

Operations  for  the  season  of  1898  were  begun  on  April  11,  when 
superstructure  construction  was  resumed  on  the  240  linear  feet  above 
mentioned,  next  to  the  shore.  This  was  fully  completed  May  31.  On 
May  25  the  first  crib  of  the  season  of  181)8  was  sunk  in  place.  This  crib, 
60  feet  long,  24  feet  wide,  and  12  feet  deep,  and  five  similar  cribs,  sAl  of 
which  were  sunk  in  i)lace  by  June  15,  form  the  cribbing  for  the  third 
reduced  section,  360  feet  long.  All  of  these  cribs  were  founded  upon 
the  prescribed  artificial  foundation,  consisting  of  gravel  backfilled  into 
a  trench  excavated  25  feet  deep  through  the  natural  clay  and  bowlder 
foundation  to  the  underlying  rock,  with  alayer  of  rubble  stone  about  two 
feet  thick  forming  the  level  foundation  immediately  under  the  cribs. 

The  construction  of  superstructure  over  the  third  reduced  section  was 
begun  on  June  13,  and  at  the  close  of  the  fiscal  year  had  been  practi- 
cally completed. 

On  June  15  the  first  crib,  60  feet  long,  30  feet  wide,  and  18  feet  deep, 
of  the  fourth  and  last  reduced  section,  was  sunk  in  place,  and  at  the 
close  of  the  fiscal  year  one  other  similar  crib,  making  120  linear  feet  in 
all,  had  been  placed,  leaving  seven  cribs  necessary  to  complete  the 
placing  of  cribbing  for  this  last  reduced  section. 

The  trench  for  the  artificial  foundation  under  cribs  of  first,  second, 
and  third  reduced  section  was  excavated  by  a  dipper  dredge.  In  the 
third  reduced  section  this  excavation  was  carried  to  the  extreme  depth 
practicable  by  the  dredges  of  this  type  available.  While  the  trench 
did  not  extend  to  rock  bottom,  the  clay  and  bowlder  formation  was 
believed  to  be  of  sufficient  firmness  to  insure  stability  when  back  filled 
with  an  average  of  11  feet  of  gravel. 

At  the  end  of  this  third  reduced  section,  however,  the  bowlders  in 
the  clay  were  becoming  fewer  in  number  and  smaller  in  size,  greatly 
reducing  the  bearing  power  of  the  stratum,  and  showing  that  the  great 
bed  of  fine  clay  known  to  overlie  bed  rock  along  the  remainder  of  the 
breakwater  site  had  practically  been  reached. 

The  trench  for  the  fourth  reduced  section,  which  begins  780  feet  oat 
from  the  Stony  Point  end,  was  therefore  ordered  to  be  excavated  to 
bedrock. 

For  this  work  the  large  clam-shell  dredge,  specially  designed  and 
built  by  the  contractors  for  the  trench  excavation,  was  needed.  The 
building  of  this  dredge  was  completed  during  the  winter  of  1897-98, 
and  the  dredge,  named  Fin  MaxsGool,  began  operations  on  trench  exca- 
vation March  23, 1898,  but  imperiections  in  details  of  machinery  made 
changes  and  repairs  necessary,  and,  together  with  other  delays,  resulted 
in  the  dredge  not  beginning  regular  and  systematic  work  until  April 
27.  From  this  date  to  the  close  of  the  fiscal  year  trench  excavation 
progressed;  but  not  rapidly,  as  delays  for  repairs  still  hampered 
progress. 
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BegiDoing  at  Station  780,  the  beginning  of  the  fourth  reduced  sec- 
tion, the  trench  was  excavated  30  feet  deep,  or  practically  to  bed  rock: 
thence  out  to  Station  1585  the  depth  of  the  trench  gradually  increasea 
to  54  feet. 

When  the  plans  of  the  work  were  under  consideration  a  great  deal 
of  uncertainty  existed  as  to  the  slopes  at  which  the  sides  of  the  great 
trench  excavated  in  the  mud  underlying  the  lake  would  stand.  Opin- 
ions varied  greatly.  For  purposes  of  estimate  the  slopes  were  fixed  at 
1  on  1,  and  for  the  standard  crib  36  feet  wide  it  was  designed  to  exca- 
vate the  trench  with  a  bottom  width  of  50  feet.  It  is  found,  however, 
that  the  slopes  of  the  trench  stand  at  much  steeper  angles  than  1  on  1, 
much  to  the  gratification  of  those  in  charge,  and  it  is  practicable,  with- 
out increasing  the  amounts  of  excavation,  to  widen  the  bottom  of  the 
trench,  which  will  tend  to  give  a  greater  stability  to  the  structure.  As 
this  trench  excavation  is  an  important  and  interesting  feature  of  the 
work,  several  cross  sections  showing  the  trench  as  actually  excavated 
are  given  herewith. 

The  small  amount  of  clay  and  sand  left  in  spots  upon  the  bottom  of 
the  trench  overlying  the  rock,  it  is  believed,  will  mingle  with  the  gravel 
filling,  and  will  not  detract  from  the  stability  of  the  structure. 

At  the  close  of  the  fiscal  year  the  trench  excavation  had  reached  a 
point  1,585  feet  from  the  shore  end  at  Stony  Point. 

£NOIN£SRING  METHODS  AND  DETAILS  IN  BREAKWATER  CONSTRUO- 

TION. 

LATINO  OUT  WORK. 

On  rvhhle  mound, — ^The  site  of  the  breakwater  is  in  the  open  waters 
of  Lake  Erie,  which  is  there  30  feet  deep,  from  its  northerly  end  to  a 
point  1,300  feet  out  from  Stony  Point.  Thence  shoreward  the  depth  of 
water  gradually  and  uniformly  decreases  until  the  shore  is  reached. 
All  of  the  work  is  exposed  to  storms  and  heavy  seas  caused  by  the 
prevailing  westerly  winds.  The  laying  out  of  the  work  therefore 
requires  monuments  and  markings  capable  of  withstanding  severe 
wave  action.  The  axis  of  the  main  portion  of  the  construction,  9,700 
feet  long,  is  permanently  marked  by  large  targets  set  on  the  old  exist- 
ing breakwater  structure  and  on  shore  at  Stony  Point.  These  targets 
are  about  14,000  feet  apart.  Beginning  at  the  extreme  north  end  of  the 
rubble  mound  portion,  which  is  to  be  5,000  feet  long,  the  axis  is  further 
marked  by  pUes  carefully  set  on  the  axial  line  at  lOOfoot  stations.  At 
the  extreme  north  end  a  row  of  8  piles  is  set  on  the  cross  section  at 
right  angles  to  the  axial  line,  the  outer  piles  being  at  the  extreme  limits 
of  cross  section  at  the  lake  bottom  and  the  intermediate  piles  at  salient 
points.  To  these  piles  is  also  bolted  a  templet  or  profile,  which  shows 
the  outline  above  water  of  the  rubble  mound  as  it  is  to  be  built.  Sim- 
ilar templets  are  bolted  to  piles  on  cross  sections  at  500-foot  intervals 
along  the  site  of  the  rubble  mound,  and  piles  are  also  set  on  the  side 
lines,  on  the  lake  and  harbor  sides,  at  500-foot  intervals,  with  interme- 
diate piles  wherever  they  are  found  to  be  required  for  properly  mark- 
ing the  side  lines.  To  further  secure  ranges  for  the  proper  depositing 
of  material  in  the  rubble  mound  stmcture,  lines  are  stretched  from  the 
tops  of  any  set  of  side  piles  across  the  structure  and  tags  suspended 
from  these  lines  at  desired  points.  The  lines  work  freely  at  one  end 
over  a  pulley  on  the  pile  head,  and  weights  attached  to  the  free  end  of 
the  lines  keep  them  taut  and  prevent  their  breaking  when  the  piles  are 
ewayed  by  the  waves. 
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The  piles  are  plainly  marked  with  station  numbers.  By  this  system 
of  ranges  and  stations  the  location  for  depositing  every  soow  load  of 
stone  and  gravel  in  the  work  can  be  closely  determined;  the  depositing 
of  the  several  kinds  of  stone  and  gravel  can  be  done  in  proper  sequence 
and  a  record  kept  of  the  location  of  each  scow  load. 

On  trench  excavation  and  timber  crib  work. — This  work  is  laid  out  simi- 
larly to  the  rubble  mound.  For  the  trench  excavation  piles  are  set  on 
the  side  lines  of  the  proposed  trench  at  500-foot  intervals  from  estab- 
lished reference  points,  or  at  such  intervals  as  are  needed  to  properly 
locate  the  work.  The  coincident  axial  line  of  the  trench  and  of  the  tim- 
ber crib  work,  which  is  built  upon  the  artificial  foundation  placed  in 
the  trench,  is  marked  by  permanent  targets  set  on  shore  and  on  the 
completed  breakwater  structure.  The  location  of  the  excavation  work 
can  thus  be  determined  at  all  times  by  the  measurement  of  coordinates 
to  the  axial  line  and  to  the  side  lines.  Tliis  is  done  with  a  measuring 
wire  fitted  with  floats  which  both  support  the  wire  on  the  water  and 
graduate  the  wire  in  feet.  Soundings  in  the  trench,  each  scow  load  of 
gravel  filling  and  foundation  stone  placed  in  the  trench,  and  the  sub- 
sequent work  in  building  the  timber  crib  structure  are  all  located  in  a 
similar  manner.  The  alignment  of  timber  crib  structure  is  further  laid 
out  by  transit. 

MEASUBING  AND  PLAOINO  MATERIALS. 

In  rubble  mound, — ^The  several  kinds  of  material,  small  rubblestone, 
large  rubblestone,  gravel,  and  large  capping  stone,  are  conveyed  to 
the  work  in  vessels.  A  part  of  the  small  rubble,  that  coming  firom 
Lockport,  on  the  Erie  Canal,  is  conveyed  in  canal  boats.  The  remainder 
of  the  rubblestone,  both  small  and  large,  and  the  capping  stone,  is  con- 
veyed in  dump  scows  and  deck  scows,  and  the  gravel  in  dump  scows. 

All  of  these  vessels,  except  gravel  scows,  are  ^'weighed  in,"  and  are 
provided  with  glass  water  gauges,  located  amidships,  in  the  bow,  and 
stern  of  each  vessel,  for  determining  the  displacement  and  tonnage  of 
each  load  of  material.  Each  scow  and  its  load  is  identified  by  a  *^ load- 
ing ticket,"  which  records  the  light  and  loaded  gauge  reading8,and  the 
quantity  and  kind  of  material  composing  its  load,  at  the  place  of  load- 
ing, with  date.  The  ticket  accompanies  the  loaded  scow  to  the  work, 
and  a  check  record  of  loaded  and  light  gauge  readings  and  of  the  kind 
^nd  quantity  of  material  and  when  and  where  it  was  placed  is  recorded 
on  the  ticket.  These  tickets  afterwards  form  the  basis  for  the  reports 
and  records  of  material.  The  capacity  of  the  scows  loaded  to  varions 
depths  is  readily  determined  from  displacement  tables  carefoUy  pre- 
pared for  each  scow.  These  tabulated  values  are  checked  from  time 
to  time  by  actually  weighing  on  track  scales  at  the  contractors'  quarries 
loads  of  the  different  classes  of  stone  before  loading  it  ux>on  the  scows. 

The  scows  loaded  with  material  are  held  in  place  for  unloading  by 
lines  leading  to  four  or  more  anchor  buoys,  which  are  set  at  convenient 
points  along  the  breakwater  site.  As  soon  as  properly  placed,  the 
unloading  of  the  scow  proceeds  as  rapidly  as  possible.  In  the  case  of 
dump  scows,  the  loads  are  dumped  in  the  usual  manner,  but  dump 
scows  can  only  be  used  to  a  limited  extent,  as  much  of  the  construction 
will  not  admit  of  this  method  of  deposit.  In  the  case  of  deck  scows 
and  canal  boats  loaded  with  small  rubblestone,  the  material  is  thrown 
into  the  water  within  designated  limits  by  laborers. 

In  the  case  of  large  rubblestone,  which  comes  in  pieces  weighing 
from  100  pounds  to  several  tons  each,  the  unloading  is  done  with  steam 
derricks. 
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rhe  large  capping  stone  is  necessarily  unloaded  and  deposited  by 
e  derricks,  each  stone  separately. 

The  gravel  is  dumped  from  the  dump  scomts  after  they  have  been 
refnlly  set,  and  moored,  if  necessary,  in  position. 
The  process  of  building  up  the  rubble  mound  is  as  follows: 
Small  ridges  about  5  feet  high  of  small  rubble  are  hrst  deposited 
ong  the  lake  and  harbor  side  lines  on  the  natural  lake  bottom.  The 
itervening  space  is  then  filled  with  gravel.  The  side  ridges  are  then 
lised  another  5  feet  by  placing  small  rubble  to  the  prescribed  slopes, 
od  the  intervening  space  is  again  filled  with  gravel.  This  process  is 
Qntinaed  until  the  rubble  stone  and  gravel  hearting  have  been  raised 
» within  10  feet  of  the  water  level  (20  feet  above  lake  bottom)  when 
tie  gravel  hearting  is  covered  over  with  large  rubblestone  and  the 
loand  raised  above  water  by  the  continuous  placing  of  large  rubble. 
V^hen  the  mound  has  reached  the  water  surface  it  is  ready  to  receive 
he  large  revetment  stone.  The  belt  of  this  stone,  which  begins  at  15 
eet  below  water  level  on  the  lake  side  and  10  feet  below  on  the  harbor 
ide  and  reaches  to  5  feet  below  water  level  on  both  sides,  is  designated 
i8  the  revetment.  The  slopes  on  which  the  revetment  is  to  rest  are 
irst  leveled  to  the  prescribed  lines  by  depositing  small  rubblestone  by 
tand.  The  large  revetment  stone,  blocks  of  which  are  quarried  out 
approximately  cubical  in  shape,  with  one  dimension  as  near  6  feet  as 
)08sible,  are  then  lowered  in  place  in  juxtaposition  as  nearly  as  prac- 
icable,  so  as  to  fully  cover  the  rubblestone  behind  them.  This  work 
B  done  without  a  diver,  usually,  and  requires  constant  testing  with 
loundiDg  poles  to  insure  proper  placement.  At  times  the  water  is  suf- 
iciently  clear  and  the  light  favorable  for  seeing  the  stone  with  the 
uiaided  eye  down  to  the  depth  of  about  10  feet,  and  under  these  con- 
litions  the  work  is  much  simplified. 

^ese  favorable  conditions  of  light  are  however  not  sufficient  for  the 
necessary  examinations  and  inspections  of  the  placement  of  the  cap- 
)^t)g  gtooe.  A  water  telescope  was«  therefore  constructed  to  aid  in  such 
^spection.  The  telescope  tube  is  made  of  iron  plates,  VV,  i^  and  Vs* 
Qch  thick,  riveted  together  and  made  watertight.  The  tube  is  12  feet 
^ng,  12  inches  in  diameter  at  the  object  end  and  4  inches  diameter  at 
^6  eye  end,  fitted  with  hooks  for  tackle  used  in  raising  and  lowering, 
'^i  handles,  and  painted  black  on  the  inside.  A  casting  is  riveted  on 
he  object  end  of  the  tube,  which  is  provided  with  planed  seats  for  a 
'^Qe  object  glass  13  inches  in  diameter  and  j-inch  thick,  and  for  the 
libber  packing  and  ring  necessary  to  make  water-tight  joints. 

When  the  revetment  has  been  completed  to  its  required  height  of  5 
^t  below  water,  the  raising  of  the  rubble  mound  by  the  farther 
^posit  of  large  rubblestone  follows.  The  work  is  then  more  readily 
managed,  as  it  is  practically  all  above  water. 

At  this  writing,  July  1, 1898,  the  mound  construction  above  water 
as  only  been  commenced.  The  process  of  construction  will,  however, 
B  as  follows: 

The  rubblestone  will  be  built  up  compactly,  all  interstices  being 
lied  by  packing  stone  in  them,  and  the  8lo])es  and  top  surface  leveled 
ith  small  stone  to  receive  the  large  capping  stone.  This  large  capping 
ione,  which  is  the  same  as  the  revetment  stone,  will  then  be  placed  by 
te  derricks  as  compactly  as  possible,  and  all  interstices  filled  by  fit- 
ng  in  them  stones  of  the  requisite  size,  so  that  the  finished  capping 
one  will  form  a  pavement  of  large  masses  of  rock  compactly  laid, 
iie  templets  will  serve  as  a  guide  in  laying  the  pavement  to  the 
quired  grade  and  form. 
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At  the  close  of  the  season's  operations  in  December,  1897,  a  model  of 
the  3,000  feet  of  ixibble  mound  under  constrnction  was  made,  to  show 
just  what  the  condition  of  the  work  was  at  that  time. 

Complete  data  for  the  model  were  obtained  from  cross  sections  10 
feet  apart,  which  were  taken  over  the  whole  length  of  the  moand 
just  before  the  close  of  operations.  The  model  was  made  in  three  sec- 
tions, each  representing  1,000  feet  of  structure  on  a  scale  of  10  feet  to 
1  inch.  The  base  consists  of  a  wood  frame  covered  by  a  top  board,  in 
which  saw  cuts  were  made  to  locate  the  cross  sections  10  feet  apart 
The  cross  sections  were  tranferred  from  drawings  to  thin  boards,  and 
the  outline  of  each  cross  section  thus  obtained  was  cut  out  of  the 
boards.  The  boards  set  on  edge  in  their  proper  location  in  the  saw 
cuts  gave  an  outline  of  the  rubble-mound  structure.  The  spaces 
between  the  cross  sections  were  then  filled  with  plaster.  The  plaster 
surface  thus  obtained  was  then  carefully  modeled  to  conform  to  the 
cross-section  outlines,  and  gave  an  excellent  representation  of  the  rub- 
ble mound.  The  portions  of  the  cross-section  boards  not  used  were 
preserved,  and  by  plotting  on  them  the  cross-section  outlines  at  any 
future  stage  of  the  mound  construction  and  placing  them  in  their  posi- 
tions on  the  model,  the  new  representation  can  be  obtained  by  the 
addition  and  modeling  of  more  plaster. 

The  water  level  is  represented  by  wires  stretched  over  the  models, 
and  the  lake  bottom  formation  to  rock  is  painted  in  colors  ou  the  sides 
of  the  base. 

DIFFIOULTIBS  IN  SUPPLYING  GRAVEL. 

A  large  amount  of  gravel  is  required  for  the  rubble-mound  structure 
and  for  back-filling  the  trench  for  the  timber-crib  structure.  This  sup- 
ply is  derived,  thus  far  at  least,  from  the  extensive  deposits  of  gravel 
on  the  bottom  of  Niagara  Biver  just  above  the  International  Bridge. 
The  gravel  is  loaded  into  large  dump  scows  of  about  450  to  550  cubic 
yards  capacity  each  by  a  dipper  dredge.  The  scows  must  be  towed  ou 
an  average  of  6  miles  to  the  work.  l?he  first  mile  of  this  tow  is  up  the 
Niagara  Kiver  against  a  current  of  3  to  5  miles  an  hour,  and  the  second 
mile  is  against  a  current  of  1  to  3  miles  per  hour.  The  remaining  4 
miles  of  the  tow  are  in  Lake  Erie. 

At  the  beginning  of  operations  in  July,  1897,  as  many  as  four  lake 
tugs  were  required  to  bring  one  scow  fully  loaded  up  the  river.  By 
leaving  the  bow  pocket  in  the  scows  light,  a  single  large  lake  tug  suc- 
ceeded in  towing  them,  but  one  tug  after  another  was  disabled  by  the 
excessive  strain  on  boiler  and  machinery.  Subsequently  two  of  the 
largest  << river  tugs"  on  the  lakes  were  tried,  but  each  broke  down  on 
first  trial  and  made  no  further  attempts.  The  contractors  next  tried 
towing  the  scows  up  the  first  mile  by  a  traction  cable  operated  by  a 
dredge  securely  anchored.  This  also  failed,  as  the  cable  fouled  among 
the  rocks  on  the  river  bottom  and  the  strain  broke  the  cable  drum  on 
the  dredge.  The  construction  work  requires  the  delivery  of  gravel  in 
large  quantities,  and  as  it  requires  some  three  hours  for  each  tow,  the 
gravel  must  of  necessity  be  brought  up  as  fast  as  the  dredge  can  load 
it  on  the  scows.  Further  experiments  proved  that  the  best  results 
could  be  obtained  by  loading  the  scows,  leaving  one,  usually  the  for- 
ward, pocket  empty  and  employing  one  of  the  largest  harbor  tugs  to 
tow  them,  until  a  tug  could  be  built  of  sufficient  power  and  proper  design 
for  the  work.  By  this  method  a  fair  rate  of  supply  was  maintained 
during  the  season  of  1897. 

A  large  steel  tug,  the  Charles  F.  Dunbar^  w^s  bnilt  during  the  winter 
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1897-98.  This  tag  is  supplied  with  compound  engines  of  about  1^300 
'sepower  and  a  propeller  adapted  to  the  swift  water  in  the  river,  and 
I  proved  ample  for  towing  the  scows,  one  at  a  time. 

BXOAVATINQ  AND  FILLING  TRENCH. 

ill  of  the  timber-crib  breakwater  must  be  founded  upon  a  bed  of 
vel  or  similarly  good-bearing  material,  back-filled  in  a  trench  exca- 
ed  to  solid  rock,  through  the  bed  of  yielding  clay  which  forms  the 
oral  lake  bottom.  This  implies  excavation  to  a  depth  of  50  to  80 
;,  the  depth  of  water  being  20  to  30  feet,  and  the  depth  of  the  clay 
.  to  rock  being  30  to  50  feet;  and  further  implies  a  plant  specially 
pted  to  the  excavation  of  the  clay  to  the  required  depth  of  60  to  80 

L  dredge  of  the  clam-shell  type  obviously  fills  the  conditions  implied, 
i  a  large  dredge  of  this  type  was  therefore  built  by  the  contractors, 
'his  dredge.  Fin  MdcGool,  is  a  large  one  equipped  with  heavy  modern 
^hinery  operating  a  clam-shell  of  10  cubic  yards  capacity,  and  suffi- 
itly  seaworthy  to  remain  on  the  site  of  the  work,  except  during  very 
ere  storms.  The  dredge  is  held  in  position  by  cables  leading  to 
I  anchor  buoys  suitably  located  about  250  feet  from  the  sides  and 
m  of  the  dredge.  These  cables  lead  from  the  buoys  downward  to 
ds  at  the  bow  and  stem  of  the  dredge,  projecting  below  the  hull  so 
X)  leave  ample  space  of  free  water  about  12  feet  deep  alongside  for 
cing  and  moving  dump  scows.  The  cables  run  over  the  sheaves  in 
ends  of  the  spuds  and  thence  up  to  cable  drums  operated  by  the 
dge  machinery.  As  operations  advance  the  buoys  are  correspond- 
ly  advanced. 

)he  dredge  being  in  place  as  determined  by  the  ranges,  excavation 
[ins.  The  dredge  makes  a  cut  about  30  feet  wide  beginning  at  the 
e-side  line  of  the  proposed  trench.  This  cut  is  carried  to  the  greatest 
)th  practicable,  which  is  usually  within  a  few  feet  of  rock  bottom, 
is  is  practicable  for  the  reason  that  the  clay  bottotn  holds  a  remark- 
y  steep  slope,  as  shown  in  the  typical  cross  sections  of  excavated 
nch  accompanying  this  report.  The  side  cut  is  excavated  to  a  length 
from  one  to  several  hundred  feet,  depending  upon  the  distance  that 
I  be  traversed  without  shifting  the  anchorage  buoys.  The  dredge 
hen  set  back  on  the  initial  point  and  excavates  a  second  cut,  which 
lens  the  trench  to  about  60  feet  at  the  bottom.  A  third  cut  is  then 
ie,  further  widening  the  trench  to  the  designated  harbor-side  line. 
3  three  cuts  thus  secure  a  trench  about  90  feet  wide  at  the  top.  The 
dge  then  retraverses  the  area,  and  as  nearly  afs  practicable  cleans 
ti^e  trench  to  hed  rock  50  feet  wide. 

lack  filling  the  trench  with  gravel  follows  the  excavation  as  closely 
)racticable.  This  is  done  by  dumping  in  the  material  from  dump 
ITS  until  the  filling  reaches  the  level  of  the  lake  bottom  or  the  pro- 
bed grade.  The  gravel  filling  being  dropped  through  30  and  more 
of  water,  it  spreads  out  over  the  trench  and  deposits  without  form- 
lamps  and  hollows. 

he  condition  of  the  trench  during  the  progress  of  excavation  and 
r  it  is  completed,  and  the  condition  of  the  back  filling  while  in 
s^ess  and  when  completed,  is  closely  determined  by  soundings  taken 
1  the  sounding  scow  on  cross  sections  10  feet  apart.  These  cross 
ions  are  plotted  as  fast  as  the  soundings  are  taken  and  furnish  a 
ible  record  of  the  condition  of  the  trench  at  all  times. 

itNG  98 ^174 
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TIMBER  CRIB  BREAKWATER  CONSTRUCTION. 

Designs, — The  crib  work  is  the  same  in  general  design  as  that  here- 
tofore ased  on  Bnffalo  breakwater  construction,  but  several  changes 
have  been  made  in  details.    The  most  important  of  these  changes  are: 

• 

IN  CRIBS. 

(1)  The  addition  of  corner  posts  and  side  posts  screw-bolted  to  the 
crib  walls  and  cross  ties.  These  posts  do  not  extend  up  into  the  super- 
structure bat  to  the  top  of  the  cribs  only,  and  are  designed  principallj 
to  strengthen  the  cribs  below  water  level  anticipatory  to  placing  con- 
crete superstructure  upon  them  in  the  future.  The  cribs  are  desigDed 
to  be  60  feet  long  and  posts  are  set  in  each  corner  of  the  cribs  and  2 
at  equal  spaces  along  the  lake  and  harbor  walls,  making  8  posts  in 
each  crib. 

(2)  The  grillage  planking  is  confined  to  the  middle  third  of  the  crib, 
leaving  ample  space  for  stone  filling  to  run  out  under  the  crib  wall« 
and  support  them  in  case  of  undermiqing. 

(3)  Button-head  drittbolts  are  used  throughout  in  place  of  headlefl 
bolts  for  bolting  timbers  above  the  grillage  bottoms. 

(4)  Longitudinals  and  alternate  cross  ties  are  made  up  of  three 
pieces  of  timber  overlapping  each  other,  and  securely  bolted,  in  ordef 
to  avoid  using  an  unnecessary  number  of  sticks  of  timber  36  feet  long, 
and  to  secure  a  diversified  bill  of  timber. 

IN  SUPERSTRUCTURE. 

(1)  The  superstructure  in  former  construction  was  built  8  feet  hig^ 
and  36  feet  wide,  surmounted  on  the  lake  side  by  a  parapet  4  feetbig^ 
and  12  feet  wide.  In  order  to  distribute  the  weight  of  stone  filli"^ 
more  evenly  the  superstructure  is  designed  in  three  "benches,"  tb| 
first  6  feet  high  and  12  feet  wide,  the  second  4  feet  high  and  12  ^ 
wide,  and  the  third,  or  parapet,  2  feet  high  and  12  feet  wide.  The  ba|J 
quet  is  thus  lowered  2  feet,  which  reduces  the  liability  of  the  gua^ 
of  vessels  moored  to  the  breakwater  "hanging"  on  the  breakwattf 
-wall,  while  the  height  of  the  structure  above  water  on  the  lakesid* 
remains  as  heretofore — 12  feet. 

(2)  The  deck  plank  is  laid  lengthwise  with  the  breakwater  8tractfli*i 
instead  of  crosswise,  with  walings  along  all  edges,  in  order  to  avoid  t«J 
liability  of  mooring  lines  catching  in  the  cracks  between  planks  aoo 
wrenching  them  oft'^ 

(3)  Iron  mooring  posts  and  cleats  are  used  instead  of  mooring  ri°?' 
which  are  inconvenient  for  securing  heavy  lines.  The  posts  and  cW^ 
are  set  alternately  along  the  banquet  about  100  feet  apart.  TheF^* 
are  designed  for  use  when  the  cleats  may  have  become  covered  with^* 
and  thus  rendered  unserviceable. 

CONSTRUCTION. 

The  methods  of  construction  employed  are  those  generally  P^^^ 
on  the  lakes.  The  cribs  are  built  at  a  construction  yard  established^ 
the  contractor  at  the  Tiflft  Farm  docks,  where  timber  and  supplie^^^ 
be  delivered  by  vessel  and  by  rail.  The  grillage  bottoms  for  tbe  <^ 
are  built  complete  on  ways  and  then  launched.  The  required  course 
of  timber  are  then  added.    The  timber  is  handled  by  derricks. 
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The  cribs  are  towed  to  the  site  of  the  breakwater  by  a  tng,  a  distance 
f  aboat  9  miles,  and  sunk,  one  at  a  time,  in  jaxtaposition,  on  the  stone 
)aiidation  previously  laid  and  leveled  to  the  proper  grade  upon  the 
rench  filling.  While  being  sunk  the  crib  is  held  in  contact  with  the  one 
ext  preceding  it  by  crossed  cables  kept  taut  with  turn-buckles.  The 
inking  is  done  by  loading  stone  on  a  temporary  deck  laid  on  the  crib. 
Vhen  the  crib  has  been  sunk  to  6  or  8  inches  above  mean  water  level, 
tone  is  thrown  into  the  crib  along  the  sides  in  order  to  prevent  further 
inking,  and  the  crib  is  then  filled  with  stone  as  rapidly  as  possible. 
Lllcrib  stone  is  thrown  in  by  hand  from  scows  or  canal  boats.  Two 
reeks  are  prescribed  for  allowing  the  cribs  to  settle,  and  they  are  then 
Bveled  up  by  adding  timber  to  the  side  walls  or  adzing  them  down,  as 
equired. 

The  superstructure  is  then  built  up  continuously  over  the  cribs,  the 
tone  filling  being  added  as  the  work  advances,  and  finally  covered 
rith  the  deck. 

Experience  hais  proved  that  the  finished  work  will  settle,  due  to  the 
Qcreased  load  imposed  upon  the  cribs  by  the  superstructure.  For  this 
sasou  the  cribs  are  set  6  to  8  inches  above  grade  originally.  A  part, 
r  sometimes  all,  of  this  allowance  is  taken  up  by  the  settlement  of 
tie  crib  alone,  but  in  any  event  the  work  is  kept  at  least  4  inches  above 
rade  until  finished.  This  method  results  in  securing  a  straight  and 
early  level  structure  at  the  prescribed  grade  after  it  has  fully  settled. 

The  structure  is  further  protected  from  undermining  by  the  wash  of 
aves  on  the  lake  side  by  a  riprap  of  stone  4  feet  high  above  the  lake 
dttom. 

-ADMINISTRATION  AND  REGULATIONS. 

Operations  on  all  parts  of  the  breakwater  construction  are  under 
ie  immediate  supervision  of  an  assistant  engineer,  who  regulates  the 
lethods  of  operations  practiced  by  the  contractor  so  as  to  secure  the 
>ecified  results,  and  who  has  general  charge  of  the  inspection  and 
^rds  of  the  work  and  is  responsible  for  the  official  rep)orts  thereof. 

On  the  rubble-mound  construction  the  placement  and  measurement 
^  materials  are  inspected  and  determined  by  a  chief  inspector,  assisted 
y  two  or  more  inspectors  as  required. 

The  trench  operations  are  inspected  by  one  inspector  quartered  on 
^e  dredge.  The  timber-crib  breakwater  construction,  including  the 
instruction  of  the  stone  foundation  on  the  trench  filling,  is  inspected 
y  one  inspector,  and  the  construction  of  the  timber  cribs  at  the  con- 
Pactor's  yard  is  inspected  by  one  inspector. 

There  is  also  an  inspector  stationed  at  the  contractor's  quarries  at 
Windmill  Point,  who  inspects  and  measures  the  several  kinds  of  stone, 
^d  when  required  inspectors  are  employed  to  inspect  the  loading  and 
Mity  of  stone  from  other  sources  of  supply  and  the  loading  and 
IQality  of  gravel. 

The  condition  and  requirements  of  all  parts  of  the  contractors'  work 
*Q<ler  water  are  determined  by  soundings  taken  from  the  sounding 
!^w.  These  sounding  operations  are  constantly  going  on  during 
^vorable  weather.  The  sounding  operations  are  under  the  supervision 
^^  an  inspector,  who  directs  the  work  and  records  and  plots  the  sound- 
^gs  as  fast  as  made.  A  leadsman  makes  the  soundings  and  seversJ 
^borers  from  the  contractors'  force  assist  in  placing  and  moving  the 
•^w  from  position  to  position. 

The  inspection  steamer  Oen.  John  M,  Wilson  is  employed  the  greater 
^  of  the  time  in  the  inspection  of  this  work. 
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To  provide  shelter  and  mooring  facilities  for  the  contractors'  scows 
and  other  floating  plant  1,200  feet  of  the  south  end  of  the  old  break- 
water has  been  reserved  for  the  exclusive  use  of  the  contractors,  and  a 
sign  forbidding  other  vessels  to  encroach  upon  this  territory  has  been 
posted  on  the  breakwater.  In  order  to  prevent  serious  chafing  and 
damage  to  the  timber-crib  work  of  the  breakwater,  the  contractors 
were  required  to  drive  piles  about  15  feet  out  from  the  harbor  face  and 
moor  all  vessels  to  these  piles.  A  house  boat,  containing  a  dining  room, 
is  moored  permanently  to  the  breakwater,  and  meals  are  there  furnished 
to  inspectors  and  contractors'  employees.  The  house  boat  also  serves 
as  general  headquarters,  and  is  connected  by  telephone  with  the  tele- 
phone system  of  Buffalo,  including  the  contractors'  and  United  States 
engineer  offices,  the  construction  yard,  and  quarries. 

During  the  years  that  the  breakwater  will  be  under  constraction 
vessels  attempting  to  navigate  in  its  vicinity  will  be  liable  to  serious 
damage  by  striking  the  submerged  parts  of  the  structures.  The  fol- 
lowing notice  to  mariners  has  therefore  been  issued:    ' 

By  direction  of  the  Secretary  of  War,  all  pcrsoDs  are  Iiereby  warned  that  it  ii 
dangerous  to  navigate  the  waters  of  the  east  end  of  Lake  Erie  between  the  southern 
end  of  the  present  Baffalo  breakwater  and  Stony  Point,  where  the  new  breakwater 
is  now  under  constraction,  and  all  persons  so  navigating  do  so  at  their  own  risk. 

And,  further,  all  persons  are  warned  that  the  operations  of  the  Government  cod* 
tractors  engaged  in  the  work  of  extending  the  breakwater  must  not  be  interfered 
with. 

Thomas  W.  Symons, 
Major y  Corps  of  Engineers,  in  Charge  ofBicer  and  Harbor  WorU. 

Buffalo,  N.  Y.,  April  28, 1898. 

QUABBY  METHODS  AND  PLANT. 

The  quarries  of  the  contractors,  from  which  the  large  rubble  and 
capping  stone  used  in  the  breakwater  extension  is  obtained,  are 
located  at  Windmill  Point,  Bertie  Township,  Ontario,  Canada.  Wind- 
mill Point  is  on  the  north  side  of  Lake  Erie,  about  5  miles  northwest 
from  Buffalo. 

The  contractors  own  a  tract  of  land  of  about  80  acres,  upon  which 
the  quarry  is  located,  the  land  bordering  on  and  lying  south  of  the 
Grand  Trunk  Eailroad.  The  quarry  is  situated  between  this  railroad 
and  the  shore  of  Lake  Erie.  The  contractors'  property  does  not  quite 
extend  to  the  water  front,  and  in  order  to  reach  the  latter  they  have  the 
right  of  way  20  feet  wide  over  the  intervening  property. 

The  land  upon  which  the  quarry  is  located  is  approximately  level, 
the  stone  being  quarried  from  below  the  surface  of  the  ground.  The 
overlying  earth  to  the  rock  is  from  2  to  5  feet  in  depth. 

The  quarry  \^  as  opened  by  removing  this  earth  for  a  length  of  aboat 
900  feet  and  a  width  of  about  50  feet.  This  stripping  was  not  in  * 
straight  line,  but  was  made  in  two  sections,  the  longer  about  600  feet 
long  and  the  shorter  about  300  feet  long,  the  angle  at  the  intersectioD 
of  the  sections  being  about  30  degrees. 

The  direction  of  the  longer  section  is  approximately  east  and  west 

After  the  stripping  was  completed  tracks  were  laid  along  the  south 
edge  of  the  same  and  a  line  of  derricks  erected  between  the  tracks 
and  the  stripping.  The  rock  was  then  blasted  out  by  heavy  chargjesoi 
dynamite,  ranging  in  power  from  30  to  50  degrees.  Soon  after  blast- 
ing operations  were  begun  it  was  found  that  the  strata  at  the  eastern 
end  of  the  quarry  were  thicker  than  at  the  western  end,  the  layers  ran- 
ning  from  2  to  5^  feet  in  thickness.  Blasting  operations  were  therefore 
conHned  to  the  western  end^  the  excavated  material  being  used  for 
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ibble^  while  that  at  the  eastern  end  was  reserved  for  revetment  and 
ipping  stone.  For  drilling  the  holes  Ingersoll-Sargeant  steam  drills 
re  used,  the  size  of  the  holes  being  2^  inches  at  the  start  and  reduced 
)  2  inches  at  the  bottom.  As  the  object  was  to  get  depth,  heavy 
larges  of  dynamite  were  used,  which  greatly  shattered  the  rock. 
A  depth  of  30  feet  below  the  surface  of  the  ground  was  aimed  at,  but 
lis  depth  was  only  reached  at  a  few  points  at  the  end  of  the  working 
3ason  of  1897. 

The  capping  stone  is  quarried  in  large  blocks  with  one  dimension, 
pproximately  6  feet,  holes  starting  at  1^  inches  and  ending  at  1^ 
iches  being  drilled  at  intervals.  These  holes  are  then  enlarged  at 
le  top  by  a  rimmer  and  charged  and  exploded  by  black  powder. 
To  transport  the  stone  the  contractors  haye  built  a  3-foot  gauge 
»lroad  from  the  quarry  to  the  loading  dock  on  Lake  Erie.  The  loa^- 
ig  dock  is  about  one-fourth  of  a  mile  long.  The  inner  end  is  built 
f  isolated  timber  cribs  filled  with  stone,  the  intervening  spaces  being 
ridged  by  pine  stringers.  The  outer  end  of  the  dock  is  a  continuous 
rib  structure  filled  with  stone,  and  upon  this  the  loading  appliances 
re  located. 

At  the  opening  of  the  working  season  of  1898  operations  at  the  quarry 
"ere  diligently  prosecuted,  and  at  this  writing  the  quarry  has  reached 
depth  of  30  feet  for  a  length  of  about  600  feet.  A  double  track  has 
een  laid  along  the  south  face  of  the  quarry  at  a  height  of  6  feet  above 
tie  bottom,  the  foundation  of  the  tracks  being  the  debris  from  the 
uarry  operations.  The  derricks  which  formerly  stood  at  the  left  of  the 
Harry  have  been  removed  to  the  bottom.  Seven  derricks,  placed 
bout  80  feet  apart,  have  been  put  in  operation  in  that  part  of  the  quarry 
^om  which  the  rubblestoue  is  obtained.  An  inclined  plane  has  also 
«en  buUt  and  is  used  for  drawing  the  loaded  cars  out  of  the  quarry. 
^8  only  a  limited  amount  of  capping  stone  has  been  quarried,  that  part 
f  the  quarry  has  not  yet  reached  the  proposed  depth,  and  operations 
•re  confined  close  to  the  surface. 

To  handle  the  capping  stone  5  derricks  are  in  operation. 

The  contractors  have  14  Ingersoll-Sargeant  steam  drills  in  operation; 
•f  these  6  are  large,  3  medium,  and  5  pony  drills.  To  furnish  the  uec- 
'ssary  steam  there  are  4  boilers,  each  50  horsepower.  Water  is  supplied 
>y  2  Worthington  pumps;  one  3  inches  and  one  2  inches  discharge, 
^here  are  also  2  hoisting  engines  with  upright  boilers  and  5  skeleton 
Msting  engines. 

The  railroad  equipment  consists  of  two  11-ton  locomotives  with  cylin- 
ders 8  by  14  inches,  5  dump  cars,  and  67  flat  cars;  also  70  skip  boxes. 
Ihere  is  also  a  25-ton  track  scale. 

The  distance  from  the  work  end  of  the  quarry  to  the  lake  end  of  the 
^^ing  dock  is  about  1  mile;  much  of  this  track  is  double.  There  are 
^80  tracks  for  carrying  away  the  stripped  material,  track  to  engine 
houses,  sidings,  etc.;  so  altogether  the  contractors  have  over  3  miles  of 
«>*ack  in  use.  • 

The  plant  at  the  loading  dock  consists  of  2  stiff-leg  derricks,  having 
^  capacity  of  20  tons  each,  2  hoisting  engines,  and  2  loading  chutes. 
,  There  are  quarters  for  workmen  in  two  buildings,  20  by  112  feet  in 
i^e.    There  is  also  a  boarding  house  20  by  60  feet  in  size,  dwelling 
^oase,  office  and  store  room,  blacksmith  shop  with  four  fires,  etc. 

CONTRACTORS'  WORKING  FORCES. 

The  following  statement  of  the  forces  employed  on  the  several  parts 
^f  the  work  during  June,  1898,  shows  these  forces  when  the  contractors' 
i^orking  plant  is  in  full  operation. 
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At  quarries. — Teu  foremen,  1  timekeeper,  2  engine  drivers,  8  hoist 
engineers,  12  drillers,  12  drill  helpers,  6  carpenters,  5  firemen,  4  black- 
smith helpers,  2  watchmen,  3  teams,  165  laborers,  and  5  water  boys. 

At  Lockport. — ^Two  foremen,  2  hoist  engineers,  1  fireman,  2  water  boys 
and  86  laborers. 

Niagara  River. — One  dredge  with  full  crew,  4  scows  and  scow  men, 
1  large  tug  and  crew. 

Wrecked  shore  arm, — One  dredge  and  crew,  2  scows  and  scow  men,  1 
tug  and  crew. 

On  rubble-mound  construction. — ^One  superintendent,  1  timekeeper,  3 
to  5  foremen,  1  to  2  derrick  scows,  2  to  4  hoist  engineers,  3  yawls,  9  boat- 
men, 26  laborers,  1  cook. 

0»  trench  excavation. — One  large  dredge  and  crew,  2  dump  scows  and 
scow  men,  2  tugs  and  crews. 

On  timber  crib  building  at  yard. — Two  foremen,  18  carpenters,  34 
laborers,  3  teams. 

On  timber  breakwater  construction. — Three  foremen,  1  to  2  hoist  engi- 
neers, 4  to  6  carpenters,  50  laborers. 

AOOIDENTS. 

Four  serious  accidents,  three  of  which  caused  loss  of  life,  occurred 
during  the  fiscal  year  1898. 

On  August  19, 1897,  the  scow  Bory  O^Mdore  while  being  towed  up 
Niagara  Eiver  loaded  with  gravel  sprung  a  leak  and  sunk.  The  scow 
man  was  drawn  into  the  open  hatchway  by  suction  as  the  scow  was 
sinking  and  was  drowned. 

On  September  28, 1897,  the  officer  in  charge  and  Assistant  Engineer 
Quintus  were  returning  from  an  inspection  trip  on  the  chartered  steam 
yacht  Olance.  The  steamer  Oazelle  overtook,  ran  down,  and  sunk  the 
yacht  in  the  harbor  entrance  channel.  The  officer  in  charge  and  cap- 
tain of  the  yacht  were  rescued  from  the  water  by  the  lifesaving  crew. 
The  engineer  of  the  yacht  was  drowned.  The  assistant  engineer 
climbed  onto  the  Gazelle. 

In  September,  the  scow  Rory  O^MoorCy  lying  at  the  breakwater,  was 
run  into  and  sunk  by  the  steamer  Maine. 

On  December  5, 1897,  a  westerly  gale  tore  the  scows  Rory  O' Moore  and 
Kathleen  Baicn  from  their  moorings  at  the  breakwater  and  drove  them 
high  and  dry  on  the  beach.  They  were  floated  with  much  difficulty  ifl 
the  spring. 

On  April  6, 1898,  the  dredge  Brian  Boru  foundered  in  16  feet  of  water 
while  being  towed  to  shelter  during  a  storm,  and  three  of  the  crew  were 
drowned.  The  dredge  was  raised  with  difficulty  in  May,  1898,  and  was 
refitted  and  ready  for  work  June  1, 1898. 

OOOUPATION   OP   THE   UJflTED   STATES   NORTH   PIER  BY  THE   DELA- 
WARE, LACKAWANNA  AND  WESTERN  RAILROAD  COMPANY. 

This  pier  is  the  only  one  of  the  Government  harbor  works  permanently 
occupied  by  corporations  or  private  parties. 

The  occupancy  of  the  pier  began  in  1878.  A  history  of  this  occu- 
pancy and  copies  of  official  document's  relating  thereto  are  given  in  the 
Report  of  the  Chief  of  Engineers,  United  States  Army,  for  1889,  pages 
2373-2383.  A  revocable  license  (printed  in  above-mentioned  report) 
issued  by  the  Secretary  of  War  January  4, 1889,  was  revoked  by  th6 
Secretary  of  War  February  20, 1891.    The  following  is  a  copy: 


APPENDIX  N  N — REPORT  OP  MAJOR  SYM0N8.     2775 

NOTICE  OF  REVOCATION  OF  LICENSE. 

To  (he  Delawaref  Lackawanna  and  Western  Bailroad  Company : 

Take  notice  that — 

Whereas  a  license  was  granted  to  the  Delaware,  Lackawanna  and  Western  Rail- 
road Company  by  the  Secretary  of  War,  nnder  date  of  January  4,  1889,  and  was 
Mcept^d  by  said  company  under  date  of  January  5,  1889,  authorizing  it  to  recon- 
itnict  the  pier  known  as  the  North  Pier  in  the  Harbor  of  Buffalo,  N.  Y.,  built  by  the 
United  States  in  1819,  said  license  being  revocable  at  the  will  of  the  Secretary  of 
War,  and  it  having  been  made  to  appear  to  the  satisfaction  of  the  Secretary  of  War 
that  the  interests  of  the  United  States  require  that  the  said  license  should  be  revoked, 
Now,  therefore,  this  is  to  certify  that  the  Secretary  of  War  has  this  day  revoked 
this  license. 
Witness  my  hand  this  20th  day  of  February,  1891. 

Redfield  Proctor, 

Secretary  of  War. 

In  his  annaal  report  on  the  improvement  of  Buffalo  Harbor,  New 
York,  for  1891,  Maj.  Amos  Stickney,  Corps  of  Engineers,  states: 

It  is  understood  that  the  Department  of  Justice  will  take  the  necessary  steps  to 
protect  the  interests  of  the  Qovernment  in  this  matter. 

So  far  as  known,  nothing  has  been  done  by  the  Department  of  Justice, 
and  no  farther  steps  were  taken  by  the  War  Department  until  1897. 
On  November  11, 1897,  the  following  letter  was  sent  to  the  Chief  of 

Engineers: 

United  States  Engineer  Office, 

Buffalo,  K,  Y.,  November  11,  1897. 

Qenehal:  I  have  the  honor  to  state  that  a  sense  of  duty  compels  me  to  invite 
attention  to  the  condition  of  affairs  at  the  entrance  to  Buffalo  Harhor. 

Tliere  is  submitted  herewith  a  chart  of  Buffalo  Harbor  and  a  sketch  map  of  the 
entrance  thereto  on  an  enlarged  scale. 

The  vast  commercial  business  of  Buffalo  is  practically  all  transacted  at  the  wharves, 
elevators,  basins,  etc.,  of  Buffalo  Creek  and  the  Blackwell  Ship  Canal. 

The  throat  through  which  all  this  commerce  flows  is  the  narrow  channel,  200  feet 
wide,  between  the  uovemment  piers  on  the  north  and  south  sides  of  the  entrance,  ae 
shown.  Through  this  entrance  great  numbers  of  vessels  of  all  kinds  are  ever  pass- 
ing— great  lake  steam  freighters,  towed  barges,  passenger  vessels  for  upper  lake 
ports,  excursion  and  local  passenger  vessels,  tugs  and  canal  boats  in  great  numbers, 
seows  loaded  with  dredgings  and  other  materials,  supply  boats  going  to  vessels 
moored  to  the  breakwater  or  anchored  in  the  outer  harbor,  and  other  small  vessels 
in  great  variety  and  number.  It  is  also  necessary  at  times  to  occupy  a  portion  of 
the  waterway  by  dredges,  scows,  etc.,  engaged  in  deepening  the  channel. 

This  width  of  200  feet  between  the  piers,  adopted  many  years  ago,  was  undoubt- 
edly fixed  upon  as  the  minimum  width  suited  for  the  harbor  entrance.  Since  its 
adoption  the  Blackwell  Ship  Canal  has  been  built  and  the  commerce  of  Buffalo  has 
increased  at  an  exceedingly  rapid  rate. 

This  commerce  is  still  increasing  and  the  size  of  vessels  engaged  in  it  is  increas- 
ing, and  it  is  submitted  that  this  narrow  entrance  of  200  feet  should  be  maintained 
at  its  full  width  and  completely  unobstructed  for  the  general  purposes  of  commerce. 
Unless  it  is  so  maintained  very  serious  accidents  are  liable  to  occur  and  reasonable 
and  jnst  cause  for  complaints  would  exist. 

As  a  matter  of  fact,  this  entrance  channel,  while  maintained  physically  at  nearly 
its  fall  width  of  200  feet,  is  so  constantly  obstructed  by  ships  moored  along  the  north 
pier  that  its  navigable  width  for  general  purposes  and  general  use  is  materially 
curtailed. 

The  north  pier  is  occupied  by  the  coal  trestle  of  the  Delaware,  Lackawanna  and 
Western  Railroad  Company,  and  there  is  scarcely  an  hour  during  the  active  season 
of  lake  navigation  that  there  is  not  a  vessel  or  vessels  moored  to  the  pier,  loading 
with  coal  or  waiting  before  or  after  loading.  A  large  coal  carrier  occupies  about  50 
feet,  or  one-fourth  of  the  entrance  channel.  In  many  instances  a  fuel  scow  30  to  40 
feet  wide  will  lay  alongside  such  a  vessel  fueling  her  and  occupying  30  to  40  feet  more 
of  the  channel  way  and  reducing  the  navigable  width  to  about  120  feet.  In  many 
buxances  two  large  vessels  lie  side  by  side  moored  to  this  north  pier  and  taking  up 
nearly  one-half  of  the  available  width  of  the  channel,  and  not  infrequently  three 
^eaaels  lie  side  by  side  in  this  narrow  harbor  entrance,  taking  up  considerably  more 
than  half  the  entrance  channel. 

I  leeentlv  had  an  experience  which  brought  to  mind  vividly  the  wrong  to  the  sea- 
going pnbho  of  allowing  this  obstructive  mooring  to  the  north  pier  to  continue.    On 
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the  28th  day  of  September  last  I  was  coming  into  the  harbor  from  a  tonr  of  inspec- 
tion on  the  chartered  steamer  Glance.  At  the  same  time  there  was  entering  atue 
towing  a  barge  of  stone  and  an  excursion  steamer,  the  GazelU.    Moored  to  the  north 

Eier  was  the  large  steamship  Niagara  loading  with  anthracite  coal,  and  alongside 
er  was  a  fnel  scow  supplying  her  with  steam  coal.  In  trying  to  pass  the  tng  and 
scow  and  the  Glance  on  one  side  and  avoid  the  vessels  moored  to  the  north  pier  on 
the  other  side,  the  Gazelle  ran  into  the  Glanee,  overturning  her.  The  engineer  of  the 
Glance  was  drowned  and  the  others  on  board,  including  myself,  had  an  exceedingly 
narrow  escape  from  drowning. 

On  October  23,  on  coming  into  the  harbor  from  a  tonr  of  inspection,  I  found  three 
ships  lying  abreast  moor^  to  the  north  pier  and  taking  up  more  than  half  the 
entrance  channel. 

In  some  cases  those  vessels  moored  at  the  north  pier  extend  far  ont  beyond  its  outer 
end,  materially  interfering  with  the  entrance  into  the  Erie  Basin,  Coit  Slip,  etc. 

These  vessels  so  moored  to  the  north  pier  form  veritable  obstructions  to  the  navi- 
gable capacity  of  the  entrance  channel,  which  should  not  be  permitted,  and  it  is 
respectfally  submitted  that  the  general  interests  of  commerce  and  navigation  require 
that  the  mooring  of  vessels  to  the  north  pier  in  the  entrance  channel  of  Buffalo  Har- 
bor should  be  absolutely  prohibited.  Such  prohibition  would  interfere  with  the  coal- 
shipping  business  of  the  Delaware,  Lackawanna  and  Western  Railroad  Company  as 
at  present  conducted  from  the  north  pier,  but  this  fact  should  not  be  given  great 
consideration  as  the  company  is  occupying  this  pier  practically  only  as  a  sqnatter 
upon  the  property  of  the  United  States. 

For  a  history  of  the  occupation  of  the  north  pier  by  the  Delaware,  Lackawanna 
and  Western  Railroad  Company  attention  is  respectfully  invited  to  the  Report  of  the 
Chief  of  Engineers  for  18^,  page  2373  et  seq.  On  page  2883  of  the  Report  of  the  Chief 
of  Engineers  for  1891  appears  this  statement: 

"  The  occupation  of  tne  north  pier  by  the  Delaware^  Lackawanna  and  Western 
Railroad  Company  still  continues,  notwithstanding  the  fact  that  the  license  for  such 
occupation  was  revoked  by  the  Secretary  of  War  on  February  20, 1891.  It  is  under- 
stood that  the  Department  of  Justice  will  take  the  necessary  steps  to  procect  tiie 
interests  of  the  Government  in  this  matter.'' 

As  far  as  known  to  this  office,  nothing  has  been  done  further  to  protect  or  enforce 
the  rights  of  the  United  States  in  the  property  in  question,  and  the  company  has 
gone  on  with  its  unauthorized  occupancy  of  Government  property,  and  in  conneiction 
therewith  has  gone  on  obstructing  the  entrance  to  Bnnalo  Harbor  by  making  the 
north  pier  a  mooring  and  loading  place  for  vessels  engaged  in  the  coal-carrying  busi- 
ness, a  use  for  which  it  certainly  was  never  intended.  The  possibility  of  the  Dela- 
ware, Lackawanna  and  Western  Railroad  Company  obtaining  title  to  the  north  pier 
property  by  adverse  possession  demands  that  steps  be  taken  to  protect  the  inteiests 
of  the  United  States. 

I  deem  it  my  duty  to  urge  that  immediate  and  energetic  steps  be  taken  to  deter- 
mine the  rights  of  the  United  States  and  of  the  Delaware,  Lackawanna  and  Western 
Railroad  Company  in  the  north  pier,  but  above  all  and  before  all,  that  the  necessary 
steps  be  taken  and  orders  be  issued  to  prohibit,  after  the  close  of  the  present  season 
of  navigation,  any  mooring  of  vessels  to  the  north  pier  or  the  stoppage  of  vessels  in 
the  entrance  channels  between  the  Government  piers,  or  between  the  north  pier  and 
the  Erie  Basin  breakwater  for  any  purpose  whatever,  unless  connected  with  &e  work 
of  improving  the  channel  or  harbor. 

In  this  connection  the  following  statistics  of  the  commerce  of  Buffalo  for  the  year 
1886  are  given : 

Arrivals  and  departures  by  lake  and  river 10,446 

Arrivals  and  departures  by  canal 11,576 

Total 22,022 

Practically  all  of  the  lake  and  rivor  movement  passes  through  tbe  narrow  entraooa 
channel,  and  so  does  about  75  per  cent  of  the  cunal  movement. 

Besides  the  above  there  is  a  very  large  number  of  passages  by  tugs,  scows,  supply 
boats,  canal  boats,  etc.,  which  is  in  addition  thereto. 

The  tonnage  of  vessels  arriving  and  departing  by  lake  and  river  during  the  season 
of  1896  was  11,063,206  tons,  and  by  canal  1,570,748  tons,  or  12,623,949  tons  altogether. 

It  is  also  deemed  proper  to  show  the  relation  which  exists  between  the  commerce 
and  width  between  entrance  piers  of  Bnffalo  and  other  Lake  Erie  ports  having 
entrance  piers. 

The  commerce  of  the  port  of  Cleveland  is  about  one-half  that  of  Bnffalo.  Tbe 
width  between  the  entrance  piers  at  Cleveland  was  250  feet  at  their  outer  ends,  nar- 
rowing to  130  feet  at  the  railroad  bridge.  This  is  now  being  increased  thronghont 
by  the  construction  of  a  new  west  pier,  making  the  entrance  325  feet  wide. 

The  commerce  of  Ashtabula  is  about  one-third  that  of  Buffalo  in  tonnage  and 
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ily  ftboDt  one-fifth  in  nnmber  of  arrivals  and  departures.    The  width  between  the 

itnince  piers  at  Ashtabula  is  213  feet. 

The  commeroe  of  £rie  is  about  one-third  that  of  Buffalo,  and  the  width  between 

a  entrance  piers  is  350  feet. 

The  commerce  of  Fairport  is  about  one-fifth  that  of  Buffalo,  and  the  width  between 

e  entrance  piers  is  185  feet. 

The  commerce  of  Conneaut  is  about  one-eighth  that  of  Buffalo,  and  the  width 

tween  the  entrance  piers  is  200  feet. 

The  commerce  of  Lorain  is  about  one-twentieth  that  of  Buffalo,  and  the  width 

tween  its  entrance  piers  is  206  feet. 

The  commerce  of  Monroe  is  about  one-niuetieth  that  of  Buffalo,  and  the  width 

tween  its  entrance  piers  is  210  feet. 

The  following  table  gives  the  figures  upon  which  these  generalizations  are  based. 

The  statistics  are  from  the  annual  report  of  the  engineer  officers  in  charge  of  the 

nous  harbors. 

ABBIVALS  AND  DEPARTURES. 


Port. 

1805. 

1806. 

Width  between  entrance  piers. 

Veuela. 

Tonnage. 

Vessels. 

Tonnage. 

ffalo 

/  a0,075 
\   60,002 

aO,  612, 423 
61,181,860 

a  10, 446 
611,576 

a  11,053, 206 
61,570.743 

}200feet 

^▼*^ltB4. ......... 

10,067 
7,474 

8,810 
2,036 

822 
1,332 
1,026 

716 

10,704,383 
5,640,537 

4,410,084 

3,323,572 

027,833 

2, 184, 062 

617, 126 

122,588 

22,022 
7,208 

8,807 
3,100 
1,148 
1,140 
498 

12,623,040 
5,001,666 

8.004,108 
8, 634, 842 
1,510,173 
1, 608, 800 
358,782 

130  to  250  feet,  being:  Increased 

bUbnhi 

to  825  feet  throughout. 
213  feet. 

le 

350  feet. 

nneaot.. ........ 

900  feet. 

airport 

185  feet. 

'min 

206  feet. 

onroe. ........... 

210  feet. 

aLake. 


Very  respectfully,  your  obedient  servant, 


6  Canal. 


Thomas  W.  Symons, 

Major f  Corps  of  Engineers. 


fiilg.  Gen.  John  M.  Wilson, 

Chief  of  Engineers,  U.  S.  A. 

To  this  the  following  reply  was  received: 

Office  Chief  of  Engineers, 

United  States  Army, 
Washington,  D.  C,  January  17,  1898, 

Major:  Tonr  letter  of  November  11, 1897,  calling  attention  to  the  serious  condition 
affairs  at  the  entrance  to  Buffalo  Harbor,  arising  from  the  obstructive  mooring  of 

issels  to  the  north  pier,  and  asking  that  steps  be  taken  to  determine  the  respective 

;hts  of  the  United  States  and  the  Delaware  and  Lackawanna  Railroad  Company 
the  north  pier,  has  been  submitted  to  the  Secretary  of  War  by  indorsement,  of 

liich  the  following  is  a  copy: 

[**  First  indoneicent.] 

<<  Office  Chief  of  Engineers, 

U.  8.  Armt, 

** January  5,  1898. 

**  Bespectfolly  submitted  to  the  Secretaiy  of  War. 

'^ Under  an  act  of  the  legislature  of  the  State  of  New  York,  passed  in  1819.  certain 
tizens  of  Buffalo  undertook  the  improvement  of  that  harbor  and  built  what  is 
^ovn  as  the  'north  pier,'  in  the  water  below  low-water  mark,  upon  land  the  title 
[  which  was  in  the  State  of  New  York.  In  1826  this  pier  passed  under  the  cootrol 
^the  United  States  and  was  reconstructed  in  a  more  substantial  manner  upon 
^tically  the  same  lines  as  the  old  pier.  For  fifty-two  years,  or  until  1878,  the 
&ited  States  had  actual,  uninterrupted  physical  possession  of  the  pier,  claiming 
|tle  thereto,  and  during  that  time  it  expended  about  $400,000  on  the  pier.  In  31878 
be  Delaware,  Lackawanna  and  Western  Railroad  Company,  claiming  title  to  the 
^d,  became  a  squatter  on  this  pier,  and  since  that  time  there  has  been  a  contro- 
'^y  between  the  GUivernment  and  the  company  in  regard  to  possession  of  the  pier, 
»at  by  varions  compromises  and  arrangements  with  the  War  Department  the  com- 
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panv  has  retained  poMeesioD.    A  brief  of  the  action  taken  by  the  War  Department 
in  the  matter  will  ue  seen  b^  reference  to  the  accompanying  paper  marked  ''A.' 

''The  Department  of  Joetice  has  expressed  the  opinion  that  uie  railroad  company 
has  no  claim  either  legal  or  eouitable  to  the  land  on  which  the  pier  rests,  and  never 
had  any;  and  that  the  title  of  the  United  States  rests  upon  its  possession  of  the  pier 
for  fifty-two  years  and  its  maintenance  of  the  pier  during  that  time. 

"The  occupancy  of  the  pier  by  the  railroad  company  n as  been  a  source  of  great 
injury  to  the  navigation  interests  of  Buffalo  Harbor,  and  frequent  and  numerous 
complaints  have  been  made  by  steamboat  companies  and  other  commercial  or^^aniza- 
tions.  In  the  within  letter  Major  Symons  states  clearly  the  present  condition  of 
affairs,  the  great  i^inry  that  is  beine  done  to  the  shipping  of  Buffalo,  and  the  neces- 
sity that  some  step  be  taken  to  establish  the  rights  of  the  Goyemment  and  to  protect 
the  interests  of  the  public. 

'*To  my  mind  the  whole  question  is  one  of  title,  and  the  proper  steps  should  be 
taken  to  determine  this  question.  Efforts  have  been  made  in  the  direction  repeat- 
edly, but  before  anything  definite  had  been  decided  upon  the  matter  has  been  post- 
poned by  some  arrangement  with  the  railroad  company  whose  sole  object  seems  to 
be  to  retain  control  and  possession  of  the  pier  for  its  own  uses.  A  line  of  action  was 
suggested  by  the  United  StatesWtomey  for  the  Buffalo  district  in  1891  (see  his  letter 
of  October  19, 1891,  herewith),  which  was  concurred  in  by  the  Attorney-General,  bat 
before  it  was  carried  out  another  compromise  was  arranged.  Whether  snoh  action 
would  be  the  proper  one  at  this  time  I  am  unable  to  say,  and  therefore  recommend, 
as  a  preliminary,  that  the  Attorney-General  be  requested  to  give  the  subject  careful 
consideration  and  to  advise  the  War  Department  of  the  proper  course  to  pnrsue  to 
test  and  settle  the  respective  rights  of  the  United  States  Government  and  the  Dela- 
warcj  Lackawanna,  and  Western  Railroad  Company  to  the  possession  of  the  North 
Pier  m  Buffalo  Harbor. 

''YarlooB  reports  and  documents  giving  a  ftill  history  of  the  case  are  herewith. 

"John  M.  Wilson, 
"Brig.  Oen,,  Ckirfof  Engineers,  U,  S,  Armg. 

''This  office  has  been  advised  by  the  War  Department  that  the  papers  have  been 
transmitted  to  the  Attorney-General  with  request  for  action  as  recommended  by  the 
Chief  of  Engineers  in  the  aforesaid  indorsement. 
"By  command  of  Brig.  Gen.  Wilson: 

"Very  respectfully,  your  obedient  servant, 

"A.  Mackknzie, 
**LieiU,  Col,,  Corps  of  EngineerB," 
MaJ.  Thomas  W.  Symons, 

Corps  of  Engineers, 

The  following  reply  was  made  to  the  above: 

United  States  Engineer  Office, 

Buffalo,  y.  Y,,  January  $4, 1898, 

General:  I  have  the  honor  to  acknowledge  receipt  of  your  letter  of  January  17, 
1898  (23468),  containing  copy  of  your  indorsement  on  my  letter  of  November  11, 1897, 
concerning  the  occupation  of  the  north  pier  at  Buffalo  by  the  Delaware,  Lackawanna 
and  Western  Railroad  Company. 

It  is  ver^  much  to  be  hoped  that  the  old  and  vexed  question  regarding  the  owner- 
ship of  this  north  pier  may  now  be  followed  up  until  it  is  decided.  But  I  beg  to 
suggest  that  there  is  something  more  in  the  question  than  the  mere  fact  of  owner- 
ship of  the  ground  on  which  the  north  pier  stands.  This  refers  to  what  rights  in  the 
channel  are  carried  by  this  ownership.  If  the  final  result  of  the  trial  of  the  csee 
should  be  to  confirm  the  claims  of  the  Delaware,  Lackawanna  and  Western  RaiJroad 
Company  in  the  ownership  of  the  pier,  wonld  this  carry  with  it  commercial,  wharf- 
ing,  riparian  rights  on  the  channel  front  of  this  property  with  1^  right  to  block  the 
channel  by  mooring  ships  therein  f  This  is  a  more  important  matter  than  the  own- 
ership of  the  propOTty  itself. 

I  can  not  believe  that  it  would  carry  such  rights  to  the  detriment  of  the  entire 
commerce  of  Buffalo.  It  seems  to  me  that  this  cnannel  comes  under  section  4  of  the 
river  and  harbor  act  of  Angnst  17, 1894,  and  that  the  Secretary  of  War  has  the  right 
to  prescribe  the  use,  administration,  and  navigation  of  it. 

I  am  of  the  opinion  that  the  Secretary  of  War  has  fiill  and  complete  right  to  rege- 
late the  use  of  the  channel  at  the  present  time  and  to  prevent  its  obstruction,  regsrd- 
less  of  whether  the  Delaware,  Lackawanna  and  Western  Railroad  Company  ua^^ 
good  their  claim  to  ownership  of  the  pier  or  not.  And  as  there  must  surely  be  a  long 
time,  perhaps  years,  elapse  before  the  question  of  ownership  is  finally  settled,  owing 
to  the  law's  delays^  I  would  suggest  and  recommend  that  all  the  power  of  the  Wtf 
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Department  be  immediately  used  to  prevent  the  farther  obstrnction  of  the  channel 
by  mooring  vessels  to  the  north  pier. 

Very  respectfally,  your  obedient  serrant, 

Thomas  W.  Symons, 
Major,  Corps  of  Engineers, 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineer 8,  U.  8.  A, 

This  was  forwarded  to  the  Secretary  of  War  with  the  following 
indorsement  by  the  Chief  of  Engineers: 

Office  Chief  of  Engineers, 

U.  S.  Army, 
February  10, 1898, 

The  vast  commercial  business  of  Buffalo  Harbor  is  practically  all  transacted  at 
the  wharves,  elevators,  and  basins  of  Buffalo  Creek  and  the  Blackwell  Ship  Canal. 
The  throat  through  which  all  this  commerce  flows  is  the  narrow  channel,  200  feet 
wide,  between  the  piers  on  the  north  and  south  of  the  entrance.  Through  this  chan- 
nel ipieat  numbers  of  vessels  of  all  kinds  are  ever  passing— Great  Lake  steam  freight- 
ers, towed  barges,  passenger  vessels,  tugs,  and  canal  boats  in  great  numbers,  scows 
loaded  with  dredgings  and  other  materials,  supply  boats  going  to  vessels  moored  to 
the  breakwater  or  anchored  in  the  outer  harbor,  and  other  small  vessels  in  great 
▼ariety  and  number.  It  is  also  necessary  at  times  to  occupy  a  portion  of  the  water- 
way by  dredges  and  scows  engaged  in  deepening  the  ehannel.  The  commerce  is  still 
increasing  and,  the  size  of  vessels  engaged  in  it  is  increasing,  and  this  narrow  entrance 
of  200  feet  should  be  maintained  at  its  full  width,  otherwise  very  serious  accidents 
are  liable  to  occur  and  the  movement  of  vessels  to  be  seriously  impeded. 

As  a  matter  of  fact,  this  entrance  channel,  while  maintained  physically  at  nearly 
its  full  width  of  200  feet,  is  so  constantly  obstructed  by  ships  moored  along  the 
north  pier  that  its  navigable  width  for  general  purposes  and  general  use  is  materially 
^curtailed.  Tbe  officer  in  charge  of  the  improvement  of  the  harbor  reports  that 
there  is  scarcely  an  hour  during  the  active  season  of  navigation  when  there  is  not  a 
vessel  or  vessels  moored  to  the  north  pier,  loading  with  coal  or  waiting  before  or 
after  loading.  A  large  coal  carrier  occupies  about  50  feet,  or  one-fourth  of  the 
entrance  channel.  In  many  instances  a  fuel  scow  30  to  40  feet  wide  will  lay  along- 
side such  a  vessel  fueling  her  and  occupying  30  to  40  feet  more  of  the  channel  way 
and  reducing  the  navigable  width  to  about  120  feet.  Sometimes  two  large  ves- 
sels lie  side  by  side  moored  to  this  north  pier  and  taking  up  nearly  one-half  of  the 
available  width  of  the  channel,  and  not  infrequently  three  such  vessels  lie  side  by 
side,  taking  up  considerably  more  than  half  the  channel.  In  some  cases  these  vessels 
moored  at  the  north  pier  extend  far  out  beyond  its  outer  end,  materially  interfering 
with  the  entrance  into  the  Erie  Basin  and  Coit  Slip. 

The  north  pier,  originally  built  by  citizens  of  Buffalo,  passed  under  the  control  of 
the  United  States  in  1826,  when  it  was  reconstructed  in  a  more  substantial  manner. 
For  fifty-two  years,  or  until  1878,  the  United  States  had  actual  physical* possession 
of  tbe  pier,  claiming  title  thereto,  and  expending  large  sums  of  money  for  its  main- 
tenance. In  1878  the  Delaware,  Lackawanna  and  Western  Railroad  Company 
became  a  squatter  on  the  pier,  and,  though  there  has  been  since  that  time  a  contro- 
versy between  the  Government  and  the  company  in  regard  to  possession,  the  com- 
pany has  by  various  compromises  and  arrangements  with  the  War  Department 
retained  possession.  The  occupancy  of  the  pier  by  the  railroad  company  has  been  a 
source  of^great  injury  to  the  navigation  interests  and  frequent  and  numerous  com- 
plaints have  been  made  by  steamboat  companies  and  other  commercial  organizations. 
The  Secretary  of  War  has  recently  requested  the  Attorney-General  to  advise  him  of 
the  proper  course  to  pursue  to  test  and  settle  the  respective  rights  of  the  United 
States  Government  and  the  railroad  company  to  the  possession  of  the  pier. 

In  the  meantime  the  practice  of  mooring  vessels  to  the  pier,  as  above  described, 
forms  veritable  obstructions  to  the  navigable  capacity  of  the  entrance  channel, 
which  it  is  believed  the  Secretary  of  War  can  prohibit  by  prescribing  suitable  regu- 
lations under  the  provisions  of  section  4  of  the  river  and  harbor  act  of  August  18, 
1894. 

A  draft  of  regulations  for  the  use,  administration,  and  navigation  of  the  entrance 
channel,  prepared  by  Major  Symons,  is  herewith  submitted,  and  I  recommend  their 
fiivorabie  consideration  by  the  Secretary  of  War. 

The  channel  in  question  is  similar  to  the  channels  through  Maumee  Bay  and  St. 
Clair  Flats,  for  which  regulations  have  been  prescribed  by  the  Department. 

John  M.  Wilson, 
Brig,  Q&n,,  Chief  of  Engineers, 

U,  S.  Army, 
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Snbseqnent  indorsements  by  tbe  Secretary  of  War  show  that  it  was 
bis  decision  tbat  vessels  might  lie  at  the  north  pier,  but  should  be  pro- 
hibited from  anchoring  in  the  channel  or  lying  at  the  north  pier  abreast 
of  one  another.  The  orders  of  the  Secretary  in  the  matter  have  not 
yet  been  pablished,  bat  the  Delaware,  Lackawanna  and  Western  Bail- 
road  Company  have  pat  ap  large  signs  prohibiting  vessels  mooring 
abreast  and  have  adopted  stringent  wharf  regulations  in  the  endeavor 
to  prevent  it. 

Nothing  has  been  heard  of  any  action  of  the  Department  of  Justice 
looking  to  the  legal  determination  of  the  rights  of  the  United  States  in 
the  matter. 

CONTRACTS. 

The  only  contracts  in  force  or  made  during  the  year  are  those  men- 
tioned  on  page  3113  of  the  last  Annual  Beport  of  the  Chief  of  Engi- 
neers, except  a  supplemental  contract  entered  into  under  date  of  April 
26, 1898,  with  the  regular  contractors,  Hughes  Bros.  &  Bangs,  by  which 
they  are  allowed  to  increase  the  quantity  of  stone  to  be  brought  from 
Canada  by  submitting  to  a  reduction  of  5  cents  per  ton  on  all  excess 
stone  so  brought. 

ERIE  CANAL. 

The  Erie  Canal  is  a  very  important  feature  in  the  commerce  of  Buf- 
falo, and  it  is  deemed  proper  to  mention  it  in  connection  with  the  works 
of  harbor  improvement  undertaken  by  the  General  Government. 

During  the  year  1897  the  business  of  the  canal  reached  a  very  low 
ebb,  only  amounting  to  five-sevenths  of  that  in  1896.  The  State  of 
New  York  in  1895  authorized  the  expenditure  of  $9,000,000  for  the 
improvement  of  this  canal,  and  the  work  has  been  under  way  ever  since. 

Last  winter  it  was  ascertained  that  the  $9,000,000  would  not  be  nearly 
sufficient  to  complete  the  work  laid  out,  which  work  was,  in  general,  to 
deepen  the  canal  to  8  feet  and  to  provide  locks  which  would  enable 
boats  to  lock  through  in  pairs. 

A  great  deal  of  dissatisfaction  and  comment  was  aroused  by  the  con- 
dition of  affairs,  and  the  legislature  passed  a  law  authorizing  the  appoiD^ 
ment  of  a  commission  to  investigate  the  expenditure  of  the  $9,000,000 
and  the  methods  of  conducting  the  work.  This  committee,  which  is 
headed  by  Mr.  George  Clinton,  a  grandson  of  Governor  De  Witt  Clinton, 
who  originally  built  the  canal,  has  not  yet  completed  its  labors  and  made 
its  report. 

There  can  be  no  question  as  to  the  great  desirability  of  the  comple- 
tion of  the  work  on  this  canal  as  outlined  in  the  general  plan,  and  it  is 
very  much  to  be  hoped  that  it  can  be  carried  into  effect  for  the  general 
benefit  of  the  commerce  on  the  lakes  and  the  people  of  the  East  and  of 
the  West.  I  am,  however,  convinced  that  in  the  future  a  very  much 
more  radical  improvement  than  that  undertaken  by  the  State  is  justi- 
fiable and  will  be  demanded  in  the  interests  of  commerce,  and  I  can  see 
no  reason  why  this  very  important  waterway  connecting  the  Great 
Lake  region  with  the  chief  commercial  and  manufacturing  center  of  the 
country  should  not  receive  the  fostering  care  of  the  General  Govern- 
ment 

SEA-WAXL  STRIP. 

During  the  years  between  1830  and  1S3G  a  masonry  sea  wall  was  bailt 
by  the  United  States  Government,  running  southerly  from  the  inner  end 
of  the  United  States  south  pier  along  the  lake  front  of  the  city  of  Bof- 
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3uth  and  west  of  Bnfifalo  Creek.  A  plan  and  cross  section 
all  is  given  on  page  136  of  the  Annual  Eeport  of  the  Chief 
3  for  1867. 

:  of  the  sea  wall  was  to  protect  the  lake  fipont  of  the  city  of 
nst  the  storms  on  Lake  Erie.  In  1867  this  sea  wall  had 
tal  completed  length  of  5,400  feet.  No  work  was  done  on 
after  1867,  for  the  reason  that  the  outer  breakwater  was 
69  and  this  structure  rendered  the  sea  wall  unnecessary 

,  1864,  an  act  was  passed  by  the  legislature  of  the  State  of 
Dtltled  ''An  act  authorizing  the  city  of  Buffalo  to  lay  oat  a 
id  fur  the  purpose  of  maintaining  and  protecting  a  sea  wall 
er  along  the  shore  or  margin  of  Lake  Erie.'' 
4, 1870,  another  act  was  passed  by  the  legislature  of  the 
w  York  entitled  ''An  act  authorizing  the  common  council 
f  Buffalo  to  lay  out  a  public  ground  for  the  purpose  of  pro- 
ity  of  Buffalo  audits  harbor  from  the  encroachment  of  Lake 

I  provisions  of  these  acts  lands  now  known  as  the  ^'sea-wall 
laid  out  and  acquired  by  the  city  of  Buffalo.  This  sea- 
130  feet  wide  and  commences  at  a  point  near  the  entrance 
extends  southerly  7,050  feet. 

was  made  in  the  act  of  1864  "to  grant  to  the  United  States 
)  right  to  occupy  and  possess  said  land,  or  any  part  thereof, 
ground  for  the  purpose  of  erecting  and  maintaining  thereon 
breakwater."  Provision  was  further  made  that  "common 
direct  deed  or  deeds  to  be  made  •  •  •  granting  and  con- 
e  United  States  said  land,  or  any  part  thereof,  for  the  pur- 
king  and  maintaining  thereon  a  sea  wall  or  breakwater." 
r  1870  practically  reenacts  these  provisions,  but  with  the 
hat  "land  or  lands  •  •  •  shall  be  upon  condition  to 
therein  that  the  United  States  shall  maintain  and  keep  in 
1  lands  the  said  sea  wall  or  breakwater."  Neither  of  these 
as  ever  complied  with.  The  sea  wall,  however,  occupies 
a  large  part  of  its  length  and  is  the  property  of  the  United 
)  sea  wall  has  not,  however,  been  kept  in  repair,  as  no  work 
le  upon  it  since  1867,  as  heretofore  stated, 
ion  of  the  present  project  for  the  improvement  of  Buffalo 
ch  provides  for  the  extension  of  the  United  States  break- 
»ny  Point,  will  render  the  entire  lake  front  along  the  sea- 
'ailable  for  coupmercial  purposes. 

sted  condition  of  commerce  at  the  docks  and  wharves  in 
k  and  the  City  Ship  Canal  causes  a  demand  for  more  com- 
ks,  and  this  demand  is  emphasized  by  the  increase  in  the 
essels.  The  commercial  interests  of  Buffalo,  fully  realizing 
ice  of  the  development  of  the  lake  front  for  better  wharf- 
en  well  represented  in  the  matter,  and  the  last  legislature 
of  New  York  passed  a  bill  authorizing  and  permitting  the 
ilo  to  use  the  sea-wall  strip  for  highway  purposes.  The 
the  act  of  the  State  legislature  referred  to: 

f  the  State  of  New  York,  represented  in  senate  and  assembly,  do  enact 

t  shall  be  lawful  for  the  city  of  Buffalo  to  use  or  occupy  the  lands  and 
ibed  as  follows,  to  wit:  ''A  strip  or  piece  of  land  one  hundred  and 
if  beginning  at  the  east  boundary  of  land  owned  by  the  United  States 
lence  along  the  shore  or  margin  of  Lake  Erie  to  the  South  Channel, 
listerly  boundary  of  which  strip  or  piece  of  land  is  thirty  feet  distant 
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at  right  angles  from  the  hereinafter  described  line  and  parallel  thereto,  and  the 
westerly  boundary  of  which  strip  or  piece  of  land  is  one  hundred  feet  distant  at 
right  angles  from  the  said  line  and  parallel  thereto.''  The  said  line  is  described  as 
follows:  **  Beginning  at  a  point  in  the  easterly  boundary  of  the  lands  owned  by  the 
United  States,  on  the  westerly  side  of  Buffalo  Creek,  where  the  easterly  side  of  the 
cross  wall  or  mole  running  along  the  beach  crosses  said  boundary;  thence  south 
twenty-two  degrees  and  ten  minutes  east  to  the  west  side  of  Commercial  street 
extended;  thence  south  twenty-eight  degrees  and  twenty-five  minutes  east  thirteen 
hundred  and  twenty-four  feet;  thence  south  thirty-two  degrees  and  thirty-five  min- 
utes east  eleven  hundred  and  twenty-nine  feet;  thence  south  twenty-seven  degrees 
and  eight  minutes  east  to  the  northerly  line  of  the  South  Channel,  so  called,  except- 
ing from  said  strip  or  piece  of  land  so  much  thereof  as  is  embraced  in  the  said  land 
owned  by  the  United  States,"  acquired  pursuant  to  chapter  five  hundred  and  forty- 
seven  of  the  laws  of  eighteen  hundred  and  sixty-four,  entitled  ''An  act  to  authorize 
the  common  council  of  the  city  of  Buffalo  to  lay  out  a  public  ground  for  tiie  purpose 
of  maintaining  and  protecting  a  sea  wall  or  breakwater  along  the  shore  or  margmof 
Lake  Erie/'  for  the  purpose  of  a  public  street  or  highway  under  the  jorisdiction  and 
control  of  the  common  council  and  department  of  public  works  of  said  city,  in  accord- 
ance with  the  provisions  of  chapter  one  hundred  and  five  of  the  laws  of  the  year 
eighteen  hundred  and  ninety-one,  and  the  acts  amendatory  thereof  and  supplemental 
thereto. 

Sec.  2.  Nothing  in  this  act  contained  shall  be  so  construed  as  to  ratify,  confirm, 
validate,  or  legalize  any  acts  or  proceedings  of  the  common  council  or  other  authorities 
of  said  cit3'  adopted  or  enacted  prior  to  the  date  of  the  passage  of  this  act,  or  to  ratify, 
confirm,  validate,  or  legalize  any  legal  or  judicial  proceedings  heretofore  had  and 
taken  under  and  in  pursuance  whereof  any  person  or  persons,  individual  or  indi- 
viduals, corporation  or  corporations,  are  in  possession  of  or  claim  to  hold  an  interest 
in  or  title  to  the  lands  and  premises  described  in  the  first  section  of  this  act  or  any 
part  thereof. 

Sec.  3.  All  acts  or  parts  of  acts  ioconsintent  with  this  act  are  hereby  repealed. 

Sec.  4.  This  act  shall  take  effect  immediately. 

The  bill  received  the  approval  of  the  governor  of  the  State  and  is 
now  a  law. 

The  strip  is  admirably  situated  and  suited  for  a  highway  along  the 
outer  harbor,  and  it  is  highly  gratifying  to  know  that  its  use  as  a  pub- 
lic highway  has  been  authorized.  It  still  remains  for  the  United  States 
to  formally  abolish  the  sea  wall  as  a  work  of  harbor  improvement  and 
to  provide  for  its  abandonment  or  disposal. 

BETAKES. 

The  progress  of  the  work  on  the  breakwater  extension  has  not  been 
as  rapid  as  desired  by  this  oflice  or  as  called  for  by  contract  obliga- 
tions. At  the  same  time  it  is  recognized  thnt  in  a  work  of  the  magni- 
tude of  this,  with  new  and  hitherto  untried  features,  and  with  the 
necessity  for  making  preparations  for  procuring  materials  in  enormous 
quantities,  much  allowance  must  be  made  for  experiments,  for  getting 
suitable  plant,  opening  quarries,  etc.  • 

Everything  is  now  in  good  shape  to  push  operations  with  all  reason- 
able rapidity,  except  in  the  matter  of  revetment  and  capping  stone. 
This  has  been  and  is  yet  the  weak  point  in  the  conduct  of  the  work 
The  contractors  are  now  changing  the  method  of  operating  their  quarry 
'  at  Windmill  Point  by  lowering  the  derricks  into  the  pit  and  arranging 
an  incline  down  which  to  run  cars.  This  it  is  expected  will  be  com- 
pleted by  July  15,  after  which  it  is  hoped  and  expected  that  revetment 
and  capping  stone  will  come  with  much  grejiter  rapidity. 

The  contractors  are  building  more  deck  scows  for  handling  large 
rubble  and  revetment  and  capping  stone,  and,  while  the  present  season 
will  not  see  as  much  work  done  as  we  hoped,  it  is  believed  that  mat 
ters  will  be  so  well  in  hand  for  the  next  and  subsequent  seasons  that 
the  contract  will  ultimately  be  completed  on  time  in  lUOl,  and  within  the 
limits  of  the  estimate. 

The  fiscal  years  ending  in  1897  and  1898  must  be  considered  largely 
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8  exx>erimeDta1  and  preparatory  periods,  and  the  next  two  fiscal  years 
nding  in  1899  and  1900  as  the  seasons  of  greatest  activity,  when  the 
rork  will  progress  in  all  its  branches  at  the  maximam  rates. 

ESTIMATES. 

New  construction. — On  the  Ist  day  of  Jnly,  1898,  the  amount  of  fnnds 
>n  hand  for  construction,  after  deducting  indebtedness,  was  about 
273,000.  In  addition  thereto  is  the  amount  in  the  sundry  civil  bill  of 
aly  1, 1898,  $489,746,  making  a  total  of  $762,746.  It  is  estimated  that 
tie  breakwater  contractors  will  earn  during  the  fiscal  year  ending  June 
0,  1899,  the  sum  of  $670,000,  and  that  the  engineering  and  office 
sp>enses  connected  with  the  work  will  be  $30,000,  making  a  total  of 
700,000  to  be  expended  for  construction  during  the  year,  and  leaving 
II  estimated  balance  on  hand  for  construction,  July  1, 1899,  of  $62,746. 

It  is  further  estimated  that  the  amount  which  will  be  earned  by  the 
>ntractors  under  the  continuing  contract  for  the  Buffalo  Breakwater 
ctension  during  the  fiscal  year  ending  June  30, 1900,  will  be  $590,000, 
id  that  the  necessary  engineering  and  office  expenses  will  be  for  the 
vme  period  $30,000,  or  $620,000  in  all. 

Taking  the  estimated  amount  on  hand  Jnly  1, 1899,  i.  e.,  $62,746, 
om  this  estimated  expenditure  for  the  fiscal  year  ending  June  30, 1900, 
e.,  $620,000,  leaves  $557,257,  and  this  is  the  amount  which  should  be 
rovided  in  the  next  sundry  civil  bill  for  the  new  work  authorized  by 
le  act  of  June  3, 1896. 

The  estimates  of  the  amounts  to  be  earned  by  the  contractors  are 
ased  upon  figures  made  by  the  contractors  themselves,  and  indicate 
'hat  they  expect  to  earn. 

Maintenance. — On  July  1,  1898,  the  amount  of  funds  on  hand  for 
taintenance  was  $127,164.36,  being  the  amount  of  money  on  hand  from 
>rmer  appropriations  left  over  at  the  beginning  of  the  present  break- 
rater-extension  operations.  It  is  estimated  that  it  will  be  necessary 
3  expend  for  repairs  to  breakwater  and  piers  during  the  fiscal  year 
oding  June  30, 1899,  the  sum  of  $7,000,  leaving  an  estimated  balance 
n  hand  for  maintenance  July  1, 1899,  of  $120,164.36. 

Daring  the  fiscal  year  ending  June  30, 1900,  it  will  certainly  be  nec- 
seary  and  expedient  to  concrete  the  1,015  feet  of  old  breakwater  herein 
mentioned,  and  the  estimated  expenditure  for  this  will  be  $126,875,  and 
or  ordinary  repairs  to  breakwater  and  .piers,  $2,000,  making  $128,875 
a  all. 

If  we  take  from  this  the  estimated  amount  which  will  be  on  hand 
'^nly  1,  1899,  i.  e.,  $120,164.36,  there  remains  $8,710.64,  which  is  the 
amount  which  should  be  appropriated  for  maintenance  for  the  fiscal 
^ear  ending  June  30, 1900. 

This  estimate  for  maintenance  includes  an  item  of  $126,875  for  replac- 
^g  the  wood  and  stone  superstructure  on  1,015  feet  of  the  old  break- 
water with  a  concrete  superstructure.  This  old  portion  of  the  break- 
water was  built  in  1873  to  1877,  and  is  in  such  an  unsafe  condition  that 
^t  any  time  it  may  be  demolished.  In  1889  to  1891  the  portions  on  both 
^des  of  it  received  a  concrete  superstructure,  and  the  only  reason  that 
^\  Was  left  unconcreted  at  that  time  was  the  insecurity  of  its  founda- 
tion. This  foundation  has  now  been  secured  and  the  putting  on  of  the 
<X)Dcrete  superstructure  should  no  longer  be  delayed. 

The  section  is  situated  1,910  to  2,925  feet  from  the  northern  end  of  the 
breakwater,  and  if  it  should  be  demolished  it  would  very  seriously 
inconmiode  the  shipping  which  makes  use  of  the  outer  harbor;  and  if 
demolished  by  storms  it  would  in  all  probability  take  a  large  part  of 
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the  underlying  crib  work  with  it,  and  thus  render  the  ultimate  cost  of 
repairs  very  much  greater. 

SUMMARY  OF  ESTIMATES. 

The  expenditures  for  the  fiscal  year  ending  June  ^,  1900,  are  esti- 
mated as  follows: 

New  construction  under  ooniinuing  oontraot. 

To  be  earned  by  contractors  on  ooutiniiing  contract  for  BnfFalo 

breakwater  extension $590,000 

Engineering  and  office  expenses 90,000 

$630,000 

Maintenancem 

Repairs  to  old  breakwater  and  piers 2,000 

Replacing  with  concrete  the  1,015  feet  of  breakwater 126, 875 

128,875 

Total  for  construction  and  maintenance 748,875 

To  offset  this  there  will  be  on  hand,  it  is^  estimated,  the  sum  of 
$182,910.36,  leaving  (565,964.64  to  be  provided,  divided  as  follows: 

For  new  construction  under  continuing  contract $657,254.00 

For  maintenance 8^710.64 

Money  statements. 

CONSTRUCTION,  NEW  WORK. 

July  1,  1897,  balance  unexpended $469,847.86 

Amount  appropriated  by  sundry  civil  act  approved  July  1,  1898 489, 746. 00 

959,093.86 
June  30,  1896,  amount  expended  during  fiscal  year 153, 457. 07 

July  1,  1898,  balance  unexpended 806,636.79 

July  1,  1898,  outstanding  liabilities $500. 00 

July  1, 1898,  amount  covered  by  uncompleted  continuous 
contracts 1,637,754.27 


r  Amount  (estimated)  required  for  completion  of  existing  project *1, 229, 004. 00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  /       620, 000. 00 

i      30,  1900 1      1557,254.00 

Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


MAINTENANCE. 


July  1, 1897,  balance  unexpended $127,164.36 

July  1,  1898,  balance  unexpended 127,164.36 


< 


'Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June/   128,875.00 

30,1900 1      t8,710.64 

Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  1897. 

*This  sum  is  derived  by  taking  the  amounts  already  appropriated  for  the  work, 
i.  e.,  $970,996,  from  the  estimated  cost  of  the  work,  i.  e.,  $2,200,000.  In  explanation 
it  may  be  said  that  the  contract  for  the  work  has  been  let  for  $1,765,450.63,  leaving 
$434,549.37  for  engineering  expenses,  superintendence,  office  expenses,  and  all  con- 
tingencies. It  is  quite  probable  that  the  work  will  be  completed  well  within  the 
estimate,  but  it  is  too  early  yet  to  say  so  positively  or  how  mucn  within  the  estimate, 
and  it  is  deemed  proper  to  leave  the  amount  required  for  completion  of  existing 
project  as  above  until  the  work  is  further  advanced. 

t  Previous  named  amount  less  estimated  balance  on  hand. 


I 
I    I 
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Statement  of  appropriations  and  allotmente  made  for  improving  harbor  at  Buffalo,  N.  Y., 

from  May  g6, 18t6,  to  thepreaent  time. 


May  26, 1826 $15,000.00 

May  19, 1828 34, 206.00 

April  23, 1830 15,488.00 

March  2, 1831 12,900.00 

July  3, 1832 10,300.00 

March  2, 1833 31,700.00 

Jone28,1834 20,000.00 

July  7, 1838 68,500.00 

June  11, 1844 40,000.00 

August  30, 1852 14,000.00 

March  3, 1853 349.05 

March  2,1855 452.32 

June28,1864 15,000.00 

July  2. 1864 37,500.00 

June23,1866 131,000.00 

March2,1867 100,000.00 

April  10, 1869 89,100.00 

July  10, 1870 80,000.00 

March  3,1871 100,000.00 

June  10, 1872 75,000.00 


March  3, 1873 $75,000.00 

February  23, 1874 20,000.00 

June  23, 1874 75,000.^0 

March  3, 1875 100,000.00 

August  4, 1877 85,000.00 

June  18,1878 80,000.00 

March  8, 1879 100,000.00 

June  14, 1880 90,000.00 

March  3, 1881 90,000. 00 

Aueust2, 1882 125,000.00 

July  5, 1884 100,000.00 

August  5, 1886 112,500.00 

August  11, 1888 225,000.00 

September  19, 1890 300, 000. 00 

July  13, 1892 300,000.00 

August  18, 1894 70,000.00 

June4,1897 481,250.00 

July  1,1898 489,746.00 


Total 3,808,991.87 


LiMt  of  eontraete  in  foroe  at  clo9e  of  fieeat  year. 


Name  of  eontraotor. 


Hugh 6  8  Bros.    & 
Do 


Bo... 
Daa 


Date  of 
oontract. 


Jan.  27,1887 

do 

Jan.  28,1897 
Apr.  26, 1898 


Date  of 
approval. 


Feb.  10,1887 

do 

do 

May  14, 1888 


Date  of  begin- 
ning work. 


May  18, 1887 
Jane  1,1887 
do 

May  14.1888 


Date  of 
expiration. 


Jan.    1,1801 

do 

do 

do 


Semarka. 


For  extenalon  of 
breakwater  and 
aand-oatch  pier. 

For  delivering  stone 
in  Canada  for  break- 
water. 

For  trans  porting 
stone  from  Canada 
to  breakwater. 


a  Supplemental  to  oontract  of  Janoary  27, 1887. 


OOMMERCIAL  STATISTICS  OF  BUFFALO  HARBOR,  XBW  YORK. 

[Compiled  from  records  furnished  by  collector  of  customs,  and  from  annual  reports  of  tiie  Merchants* 

Exchange  of  Buffalo,  N.  Y.] 

Arrivals  and  departure*  of  ve$seU  for  ike  year  ending  December  SI,  1897, 


Vessels  from— 

Arrivals. 

Departures. 

Number. 

Tonnage. 

Number. 

Tonnage. 

Domestic  ports .......................................... 

4,208 
1.166 

5.270,205 
358,118 

4,340 
1,064 

6,482,805 

foreign  ports 

178,863 

Total 

5,374 

5,637,323 

5,404 

6,661,768 

Total  arrivals  and  departures: 

Vessels 10,778 

Tonnage 11,299,091 

iDcreaseof  lake  tonnage,  1897  over  1896 tons..  215,885 

Amonnt  of  revenue  collected,  year  ending  December  31, 1897 $222, 881 

Valne  of  imports,  year  ending' December  31,  1897 $4,453,477 

Vulneof  exports,  year  ending  December  31, 1897 $6,116,957 

Enrolled  tonnage,  port  of  Buffalo,  1897,  gross  tonnage 194, 583 

Inclades  for  port  of  Tonawanda,  embraoed  in  BuflSalo  Creek  dUtriot. 
BNa  0&— 175 
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ReoeipU  hy  lake. 


ArtldM. 


Barley 

Com 

Com  meal . . 

rionr 

OaUi 

Kve 

AVhrat 

FlaxHced... 

Fewl 

Malt 

Oatmeal.... 

Peace  

Oilcake.... 

Seeds 

Broom  com 
Hops. 


Liimlier 

Timber 

LatliH 

Shingles 

Posts 

Ties 

StJives 

Stave  bolts 

Copper 

Copper  matte  . 

Iron  ore 

Pig  iron 

Lead,  pig 

Spelter  plates 

Clieeae 

Fish 


Glncose . . 

Hay 

Lard 

Pork 

Soap 

Starcb.... 

Wool 

Cement... 

Oil 

Paper .... 

Pelta 

Potatoes.. 

Kags 

Raisins... 
Tallow ... 
Whisky.. 
Headings. 


Total. 


1883. 


138,095 

],  175,  (i59 

4.172 

1. 035. 085 

3:{  1.202 

18,049 

2,047,313 

136, 542 

122, 300 

9.391 


2,030 

20.951 

6,397 


501. 814 

33(5.000 

3.  813 

6,097 

168 

18,975 


10,128 

64,930 

13, 770 

243. 442 

83,950 

84.488 

0,902 

66 


1804. 


207,002 

843.277 

2.848 

1, 125. 876 

248,964 

14, 033 

1, 505. 824 

41,440 

133,250 

13,429 

5.265 

3.519 

16,385 

2,384 


43,262 

58,171 

15,559 

1,354 

525 

840 

2,390 


6,447,730 


419. 170 

228,900 

1,952 

12,613 

553 

14,700 

340 

7,092 

03,658 

3,752 

306, 670 

26,324 

21,855 

12,400 

75 


1896. 


73,012 

44,324 

61,501 

8,666 

474 

1.651 

7,315 


5,506,402 


202,997 

1,089,800 

2,242 

870,230 

355,700 

24,405 

1,417,680 

105, 770 

117,880 

8,551 

1,596 

4,780 

18.530 

046 

30 

28 

404.701 

144,885 

1,230 

11, 110 

2,701 

10,040 

480 

3,142 

83,030 

27,475 

500,094 

a3,122 

16,877 

6,855 

238 

4,742 

22,982 

1,300 

16,805 

262 

273 

800 

8,167 


1886. 


580 


1,135 


1,222 
10 


5,581,428 


307.565 

1, 258, 184 

19,062 

1,038,418 

641,720 

122,343 

1,648,824 

251,190 

149, 134 

704 

8,284 

4.786 

1,692 

7,518 

1,180 

50 

852.500 

68.181 

1,052 

12,479 

730 

14,965 

778 

6,085 

102.180 

42,810 

443. U73 

18,935 

81,328 

10,860 

200 

3.935 

100, 636 

18.806 

45,397 

8,412 

1,035 

2,410 

6,772 


11,056 
1,470 


076 

14 

8,528 

146 

716 


6,864,007 


1807. 


340,196 

1,498,25 

40,454 

1,244.083 

1,026,250 

200. 3M) 

1,714,7» 

154.512 

172. 3U 

67,008 

5,214 

10,27i 

25,817 

7,788 

1,0W 

S5 

388,251 

125,80 

i,2n 

18,341 


17,147 

847 

8,80 

117,447 


600,89 

38.101 

15.8S4 

6,097 

3» 

4,153 

115.  »i 

10.775 

43.001 

3,»$ 

1.43 

2.61S 


11» 
1,441 

i,5e 

5.441 

431 

1,745 


8,062,U1 


Beoeipti  hy  lake,  in  tons  and  percentages,  during  the  calendar  years  1896  and  18S7. 


Articles. 


Orain,  flour,  malt,  and  seed  prodacts 

Lumber  and  timber  products 

Ores  and  metals 

Miscellaneous 

Total 


1806. 


Tons. 


5,545,648 
456, 770 
649,186 
212,493 


6,864,097 


Percent. 


80.79 
6.66 
9.45 
3.10 


100 


1807. 


Tons. 


6,617,347 
550.406 
787, 157 
207,151 


8,062,161 


PeroflsL 


&9 
257 


100 


Shipments  hy  lake. 


Articles. 


Coal 

Cement  and  plaster 

Salt 

Bailroad  iron , 

Sagar , 

Total 


1803. 


Tons. 

2,703,673 

65,156 

87,361 

7,317 

119,426 


2,932,933 


1804. 


Tona, 

2,485,255 

71, 413 

104,845 

980 

196,977 


2, 859, 470 


1805. 


Tons. 
2, 620, 768 
78,766 
100,362 


192,004 


2,901,000 


1606. 


Tons. 
2,400,068 
94,466 
94,134 


211,884 


2,800,052 


18S7. 


TwM. 
2,254.g 
115.4*? 

112, 1» 


224,367 


2,688.00 
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ArtlolM. 


Coal 

Cement  and  plaster 

Salt 

Sagar 

Total 


Tons. 


2,400,068 

04,406 

04,184 

211,884 


2,800,052 


Percent. 


8S.78 
8.86 
8.86 
7.66 


100 


1807. 


Tons. 


2,284,820 
116,407 
112, 110 
224,207 


2,686,068 


Percent. 


88.10 
4.20 

4.17 
8.86 


100 


The  followio^  statiBtica  of  the  canal  commerce  of  Buffalo  are  also  compiled  from 
the  report  of  the  Buffalo  Merchants'  Exchange: 


1887. 


Oanal  dearancee 

Tonnage  of  freight  coming  to  Bnflklo 

Tonnage  of  freight  leaving  Bnfl'alo 

^N^umbor  of  eteamen  and  canal  boats  navigating  from  Buffalo  on  the  canal. 


about 


▲Tevage  freight  rate^  Boffidb  to  New  York,  for  wheat  and  com,  per  bnshel. 


5,788 

888,191 

1,172,662 

1,250 
$0,087 


4,609 
877,679 
830,285 

1,260 
$0,028 


The  following  giyes  the  canal  clearances  for  the  last  twelve  years: 


1886 7,414 

1887 7,925 

1888 5,958 

1889 6,855 

1890 6,429 

1891 6,312 


1892 6,460 

1893 7,725 

1894 6,621 

1895 4,546 

1896 6,788 

1897....: 4^609 


For  comparison,  the  following  statement  of  the  last  fonr  years  is  given; 


1804. 


1895w 


1806. 


1897. 


Toms  of  articles  reoeiTed  by  canal 
Tons  of  articles  sent  by  canal .... 

Valoe  of  articles  reoeiTed 

Vslne  of  articles  sent 

Barrels  of  floor  sent 

Bushels  of  grain  sent 


418,631 

1,487,298 

$24,760,803 

$37,866,802 

8,028 

48,428.621 


866,184 

709,846 

$80,299,668 

$20,279,881 

900 

20,236,114 


898,191 

1,172,662 

$36,686,664 

$31,608,123 

64,660 

85,709,268 


877,679 

830,285 

$37,166,685 

$18,402,447 

16,414 

25,430,601 


Assoming  that  the  number  of  arrivals  of  canal  boats  equaled  the  number  of  dear- 
anoee,  the  grand  total  of  the  commerce  of  Buffalo  earned  on  by  lake,  riyer,  and 
eanal  for  the  seasons  of  1896  and  1897  is  as  follows : 


By- 


I<ake  and  rlTer 


Total 


▲rrivala  and 
departnres. 


1896. 


10,446 
11,676 


22,022 


1897. 


10,778 
9,218 


19,996 


Beceipts  of  fMght. 


1896. 


Torn, 
6,864,007 
896,191 


7,262,288 


1897. 


Tons, 
8,062,161 
377,679 


8,439,880 


Shipments  of  fMght. 


1886. 


Tons, 
2,800.062 
1,172,662 


8,972,604 


1897. 


Tons. 
2,686,068 
830,285 


8,516,888 


Total  receipts  and  shipments,  1806, 11,234,892;  1897, 11,966,168. 

The  amount  of  wheat  and  hreadstuffs  going  east  hy  canal  in  1895  was  the  lowest 
for  many  years,  and  the  canal  flights  were  the  lowest  eyer  known,  the  ayerage  rate, 
Buffalo  to  Kew  York,  for  wheat  and  com  haying  been  only  2.2  cents. 

The  business  on  the  canal  picked  up  durins  1896,  but  it  fell  off  during  1897  to 
dj  the  amounts  of  freight  and  rates  of  carruige  zeaohed  in  188& 
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N  N  4. 

IMPROVEMENT  OF  TONAWANDA  HARBOR  AND  NIAGARA  RIYER,  NEW 

YORK. 

Original  condition, — In  its  original  condition  the  navigation  of  the 
Niagara  Biver  from  Lake  Erie  to  Tonawanda  was  obstracted  by  several 
reefs  and  hammocks,  which  materially  limited  the  draft  of  the  vessels 
traversing  it.  The  water  in  the  harbor  between  Tonawanda  Island  and 
the  main  shore  was  shosd,  and  in  the  river  in  some  places  had  a  very 
swift  cnrreut.  The  object  of  the  improvement  is  to  provide  a  navigable 
channel  from  the  head  of  the  Niagara  Biver  at  Lake  Erie  to  the  north 
end  of  Tonawanda  Harbor,  and  to  dredge  that  harbor  all  to  a  depth 
permitting  nse  by  vessels  drawing  16  feet. 

Project  for  improvement — To  remove  obstractions  so  as  to  make  a 
channel  400  feet  wide  and  18  feet  deep,  which  includes  work  at  the  fol- 
lowing places: 

1.  On  the  ''  Honeehoe  Reef  at  the  entrance  to  Niagara  River. 

2.  On  the  shoal  at  the  head  of  Strawberry  Island. 

3.  A  few  shoal  plaoen  abreast  of  ttie  lower  end  of  Rattlesnake  Island. 

4.  The  fall  width  of  the  river  between  Tonawanda  Island  and  the  mainland  along 
the  entire  front  of  Tonawanda. 

This  project  was  approved  in  1888. 

By  the  terms  of  the  river  and  harbor  act  of  Jnne  3, 1896,  the  project 
was  extended  to  include  the  river  to  the  north  liue  of  the  village  of 
North  Tonawanda. 

The  cost  of  the  work,  as  estimated  in  1891,  was  $1,152,987.93.  This 
does  not  include  the  work  necessary  between  Tonawanda  Island  and 
the  north  line  of  the  village  of  North  Tonawanda,  nor  that  required  in 
the  main  river  abreast  of  Tonawanda  Island,  to  which  the  project  was 
extended  by  the  terms  of  the  river  and  harbor  act  of  June  3, 1896.  The 
amount  expended  on  the  general  project  up  to  June  30,  1897,  was 
•338,457.16. 

At  that  time  the  channel  through  the  Horseshoe  Beef  had  been  com- 
pleted. This  channel,  as  completed,  is  400  feet  wide  and  18  feet  deep 
at  mean  lake  level,  excepting  a  few  small  patches  of  rock,  over  which 
there  is  a  least  depth  of  17^  feet.  The  length  of  the  channel  is  1,500 
feet. 

The  amount  expended  during  the  fiscal  year  ending  June  30, 1898^ 
was  $11,336.21. 

At  the  close  of  operations  in  January,  1897,  the  channel  across  the 
reef  at  Strawberry  Island  had  been  excavated  to  the  depth  of  18  feet 
for  a  width  of  180  feet.  'So  work  has  been  done  on  this  reef  sincft 
The  remainder  of  this  channel,  which  is  to  be  400  feet  wide,  is  15  to  16 
feet  deep. 

During  the  season  of  1896  a  channel  200  feet  wide  and  1,050  feet  long 
was  excavated  full  18  feet  deep  across  the  shoal  in  the  main  river  chan 
nel  at  the  foot  of  Tonawanda  Island.  Tonawanda  Harbor  had  been 
dredged  16  feet  deep  in  the  center  during  previous  years.  The  work  of 
increasing  the  depth  in  the  harbor  to  18  feet  was  begun  in  1895,  when 
a  dredge  cut  20  feet  wide  was  made  to  the  depth  of  18  feet  along  nearly 
all  of  the  length  of  the  harbor  front  of  Tonawanda  Island.  During 
1897  the  money  available  was  expended  in  securing  a  similar  depth 
along  1,600  feet  of  the  docks  on  the  mainland  side  below  the  bridge  for 
a  width  of  75  feet.  This  work  was  stopped  on  account  of  exhaustion 
of  funds  on  July  6, 1897,  and  no  work  has  been  done  since. 
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The  object  of  the  extension  of  the  project  to  the  north  line  of  North 
Tonawanda  was  to  enable  needed  work  to  be  done  on  a  shoal  off  the 
loot  of  Tonawanda  Island,  which  work  was  not  incladed  in  the  original 
project  and  estimates.  At  some  distance  below  the  island  there  is  a 
deep  x>ool,  and  by  excavating  across  the  shoal  this  could  be  reached. 
Beyond  the  pool  no  work  is  demanded  by  any  present  interests  of 
commerce. 

REPORT  OP  OPERATIONS. 

There  were  practically  no  operations  carried  on  during  the  fiscal  year. 
At  its  beginning  dredging  along  the  docks  on  the  mainland  side  of 
Tonawanda  Harbor  below  the  bridge  was  still  in  progress,  but  was 
stopped  on  July  6, 1897,  because  of  the  exhaustion  of  funds.  As  ves- 
sels were  reported  to  be  striking  bottom  on  shoal  spots  in  the  main  river 
channel  outside  of  Tonawanda  Island,  a  test  of  this  channel  was  made 
on  July  6, 1897,  and  the  shoals  located.  Two  dredges  were  operated 
on  these  shoals  July  7  and  8, 1897,  when  all  operations  were  stopped  on 
account  of  exhaustion  of  funds. 

The  cost  of  dredging  at  Tonawanda  Harbor  was  27j^  cents  x>cr  cubic 
yard,  scow  measure,  of  clay,  gravel,  and  hardpan.  The  work  was  all 
done  under  contract  of  September  14, 1896. 

The  laying  of  a  waterworks  force  main  across  Tonawanda  Harbor 
and  an  int^e  pipe  from  the  west  side  of  Tonawanda  Island  out  in 
Niagara  Eiver  to  a  new  waterworks  intake  crib  was  completed  in  Sep- 
tember, 1897.  This  work  was  done  by  the  board  of  w^ter  commission- 
ers of  the  village  of  North  Tonawanda  under  authority  of  the  Secretary 
of  War,  dated  September  22, 1896.  A  force  main  was  laid  across  Tona- 
wanda Harbor  from  the  mouth  of  the  State  ditch,  just  above  the  Ton- 
awanda Iron  and  Steel  Company's  furnaces,  to  the  island.  This  force 
main  was  a  24-inch  cast-iron  pipe,  and  was  laid  at  a  depth  of  not  less 
than  22  feet  over  top  of  pipe  at  mean  river  level. 

The  intake  pipe  was  a  48-inch  steel  pipe,  extending  from  the  North 
Tonawanda  pump  house  on  the  outer  shore  of  Tonawanda  Island  to  a 
new  intake  crib  1,200  feet  out  in  the  river.  The  intake  was  laid  at  a 
depth  of  22  feet  over  top  of  pipe  at  mean  river  level. 

REMARKS. 

The  originally  estimated  cost  of  the  project  in  1891  was  1 1,152,987.93. 
A  very  large  part  of  the  work  embraced  by  the  project  and  its  exten- 
sion has  been  done  at  a  cost  much  below  the  original  estimate. 

Taking  the  sum  of  the  appropriations,  $350,000,  from  the  original 
estimates  leaves  $802,987.93.  The  knowledge  gained  in  the  conduct  of 
the  work  indicates  that  but  a  portion  of  this  sum  will  be  required  to 
do  all  the  necessary  work  embraced  in  the  original  project,  and  all 
work  that  is  at  all  required  in  the  extension  of  the  project. 

It  may  be  explained  that  the  project  was  extended  to  the  north  line 
of  the  village  of  North  Tonawanda  in  order  to  enable  work  to  be  done 
on  the  shoal  just  north  of  Tonawanda  Island  and  abreast  of  this  island. 
No  good  purpose  would  be  subserved  by  extending  the  channel  400  feet 
wide  and  18  feet  deep  through  the  shoal  river  along  the  north  front  of 
Korth  Tonawanda. 

Becent  experiences  of  vessels  and  an  examination  made  by  this  office 
indicate  a  lumpy  condition  and  some  shofid  ridges  in  the  main  channel 
abreast  of  Tonawanda  Island,  which  will  require  much  work  t^  give 
the  projected  channel  18  feet  depth  and  400  feet  width.    This  work  is 
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not  specified  or  estimated  for  in  the  original  project  and  estimate,  bnt 
properly  comes  within  the  extended  project. 

The  commerce  of  Tonawanda  is  large  and  increasing,  and  it  is  in  a 
high  degree  desirable  that  all  impediments  be  removed  which  interfere 
with  vessels  drawing  16  feet  of  water  reaching  the  docks.  An  appro- 
priation of  $250,000  is  estimated  for  as  the  amount  which  can  profit- 
ably be  expended  daring  the  next  fiscal  year  under  the  project. 

Money  statement. 

July  1, 1897,  balance  nnezpended ^ $11,543.84 

June  30, 1898,  amoant  expended  dnrin^  fiscal  year 11, 336. 21 


Jnly  1, 1898,  balance  unexpended 


207.63 


'Amonut  (estimated)  required  for  completion  of  existing  project 802, 987. 93 

Amount  that  can  be  profitably  expended  in  fiscal  yearending  J  nne  30, 1900  250, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  1897. 


AppropriationB, 

Act  of— 

August  11, 1888 $100,000 

September  19,  1890 75,000 

July  13,  1892 75,000 

August  18,  1894 50,000 

Junes,  1896 50,000 

Total 350,000 

May,  1897,  repayment 1 

Total 350,001 


COMMERCIAL  STATISTICS  OF  TONAWANDA  HARBOR  AND  NIAGARA  RIVBR,  NEW  '90RK, 

BY  LAKE  AND  RIVER. 

[Fnmiahed  by  oolleotors  of  oostoma,  BnfiUo  Creek  and  NiAftn  dlBtricto.] 

Arrivals  and  departures  of  vessels  far  the  year  ending  December  SI,  1S97, 


YesBela. 

Arrivals  from— 

Departures  to— 

District. 

Home  ports. 

Foreign  ports. 

Home  porta. 

Foreign  ports. 

Num- 
ber. 

Ton- 
nage. 

Num- 
ber. 

Ton- 
nage. 

Num- 
ber. 

Ton- 
nage. 

Knm- 
ber. 

Ton- 
nage. 

Buffalo  Creek . . 

Steam 

175 
165 
409 
614 

85,022 

49, 227 

156,451 

244,884 

96 

9 

20 

86 

778 

1,131 

6,714 

13,018 

183 
181 
415 
615 

64,815 

88.211 

155,179 

243,681 

79 
11 
15 
20 

1,334 

Niagara 

Sail  and  barges 

Steam 

2,047 

6,540 

Kail  and  burgea 

6,933 

Total 

1,259 

536,184 

161 

21,636 

1,294 

541, 8»6 

125 

16,853 
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Total  arriraU  and  departures  (registered  tonnage). 


1806. 

1807. 

District. 

Arrivals. 

Departares. 

Arrivals. 

Departares. 

Norn- 
ber. 

ToniiAge. 

Nam- 
ber. 

Tonnage. 

Num- 
ber. 

Tonnage. 

Nam> 
ber. 

Tonnage. 

nflFalo  Creek. ....... ««.... 

437 
874 

126, 015 
339,249 

430 
842 

124, 521 
327,659 

380 
975 

136,753 
421.067 

408 
065 

146.407 

lAffATft  .........••••.••... 

412, 332 

Total 

1«311 

46a,  264 

1,281 

452,180 

1.365 

557,820 

1,373 

558,730 

ncreaseaof  tonnage,  1807  over  1896 registered  tons..  199,115 

treatest  draft  of  vessels feet..  14 

Lmoaot  of  revenue  collected,  year  ending  December  31.  1897 $1,848.45 

^alueof  foreign  imports,  year  ending  December  31,  1897 $292,597.94 

Talueof  foreisrn  exports,  year  ending  December  31, 1897 $3,842.00 

Enrolled  tonnage,  port  of  Tonawanda No  record. 

I^ewlineaof  transportation  established None. 

dumber  of  rafts  of.  timber  received 16 

Beoeipts  hy  lake  and  river. 


Articles. 


Lumber 

Shingles 

Laths 

Pickets 

Posts 

Ebdlroad  ties,  telegraph  poles, 

etc 

[ron  ore ^ 

Limestone 

Pig  iron 

[Jopper 

Pulpwood 

rimber 


Total. 


1801. 


884,646 
6,307 
2,052 


8,092 


901.097 


1892. 


871,508 

6,137 

1,561 

991 


21,333 

85,772 

7,728 

1,440 


900 


996,370 


1893. 


752,936 
8,031 
3,308 


6,152 
66,617 
11,868 

1,460 


16,770 


860,142 


1894. 


712,087 
8,776 
2,124 


1,200 

2.514 
03,684 


4,370 

700 

17,812 


838,267 


1896. 


737,202 
4,957 
2,  1:h7 


1,167 

7.350 

110,454 

21.720 

8,371 


1,050 


894.408 


1806. 


821,707 

4,298 

1,798 

186 

4,060 

6.972 

134, 428 

4,770 

0,097 


25,270 
3,772 


1,015,396 


1897. 


1,024,232 
6,948 
1.882 


8,889 

2,196 

172,187 

4,353 

2,403 


10,720 
6,067 


1,240,867 


Shipments  by  lake  and  river. 


Articles. 


1887. 


Lumber 

Pig  iron 

liMinfactured  iron 

Total 


Tons. 
028 
600 
200 


1,628 


Receipts  in  ions  and  percentages  for  the  years  ending  December  SI,  1895,  1896,  and  1897. 


Arlieles. 

1896. 

1896. 

1807. 

Tons. 

Percent 

Tons. 

Percent. 

Tons. 

Per  cent. 

Mmlier  and  timber nroduots. «.••«.... 

753,863 
140,545 

84.28 
15.72 

867,101 
148.205 

85.4 
14.6 

1,061.924 
178,043 

85.58 

ron  coDDOr.  6tc  ••••••••••....•••••••• 

14.42 

Total • ....I... 

894,408 

100 

1,015.396 

100 

1,240.867 

100 
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The  following  table,  giving  the  entrances  and  olearancet  at  Tonawanda  since  1890, 
is  compiled  from  the  aunaal  report  of  the  Baffalo  Merchants'  Exchange: 


YaMeU  entered  ..No. 

Veeaela  cleared  .  .do. . 

Entering  vessels. tonB. 

Clesring  vessels. tons 

Articles  received  by 
lake  in  vessels,  rafts, 
etc tons. 

Canal  clearances . .  Ko . 

SUipments  by  Erie  C*> 
nal tons. 

Lnml)er  shipments  b; 


Erie  Canal,  feet  B 


la  JBL< 


1891. 


1,331 

1,119 

4M.627 

466,115 


901,997 


649,684 
293,311,900 


1892. 


1,181 

1,175 

484,038 

473,907 


996.876 
3,111 

584,213 


1893. 


909 

894 
400,470 
391,175 


860,142 
3,502 

550,864 


286,329.307  216,116,582 


1894. 


849 

830 

418,438 

403,350 


888,267 
2,258 

436,^60 


1895. 


949 

951 

425,105 

441.602 


894,406 
2,120 

403,358 


1806. 


1,311 

1,2^1 

466,207 

455,000 


1,015,306 
2,062 

384,889 


302,110,990  105,886,000  185,580,352 


1807. 


1.855 

i.aoB 

557, 74A 
553,786 


1,240.887 
2,735 

502,  S?7 

218,576,701 


Number  of  ve8$el$  and  rafU  patting  tKe  Iniemaiional  Bridge^  Niagara  Biver,  during  tkt 

yean  1891  to  1897. 

[Furnished  by  R.  J.  MoHorray,  captain  of  the  bridge  tag  Intwrnationol.] 


Vessels. 


Steamers 

Other  vessels 
lUfts 

Total... 


1891. 


9,697 

3,544 

61 


13,202 


1892. 


10,132 
8,872 

40 


14,044 


1893. 


8,796 

2,820 

25 


U,641 


1894. 


10,406 

8,075 

18 


18,478 


1896. 


10,012 

2,881 

5 


12,908 


1886. 


8,469 

1,833 

13 


11,315 


1897. 


8,100 

2,321 

10 


10,431 


Number  of  veseela  pateing  through  the  draw  cf  the  Intemational'^ridge. 


VeaselB. 


Tugs 

Steamers. 
Barges... 


Total 


Season  of  nayigation,  April  to  December,  1897 days..      270 

Number  of  times  the  bridare  draw  was  opened  during  the  season 4,7il 

Average  number  of  times  uridge  draw  was  opened  per  day 17.65 


NN  5. 

IMPROVEMENT  OP  NIAGARA  RIVER  FROM  TONAWANDA  TO  PORT  DAT, 

NEW  YORK. 

Original  condition, — Port  Day  is  the  inlet  to  the  old  hydraulic-power 
canal  at  !N^iagara  Falls.  It  is  not  and  never  has  b^n  a  practicable 
port  of  commerce,  owing  to  shallow  water  and  its  proximity  to  the 
rapids  at  the  head  of  Niagara  Falls. 

From  Port  Day  up,  the  river  in  front  of  the  city  of  Nia^^ara  Falls  is 
very  shallow  and  with  rock  bed  until  Connors  Island  is  reached. 
Between  Gonners  Island  and  the  main  shore  is  a  snug  little  harbor, 
with  about  5  acres,  of  an  average  depth  of  12  feet  at  mean  river  stage 
and  with  a  maximum  depth  of  about  18  feet» 
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Above  the  head  of  the  island  there  was  a  shoal  with  a  least  depth 
on  it  of  7^  feet  at  mean  stage.  Above  this  shoal  very  good  water 
existed  until  Gayaga  Island  was  reached.  Between  this  island  and 
Touawanda  a  shoal  exists  which  requires  dredging  to  give  a  channel  of 
12  feet  depth  at  mean  river  stage. 

Project  for  improvement. — The  project  for  the  improvement  of  the 
Niagara  River  from  Touawanda  to  Port  Day  as  it  now  stands  is  to 
make  a  channel  200  feet  wide  and  not  leas  than  12  feet  depth  at  mean 
water  level,  by  excavating  through  the  shoal  at  the  head  of  Gonners 
Island  and  through  the  shoal  above  Cayuga  Island. 

The  project  also  states  that  "any  widening  or  deepeuing  required 
shonld  be  estimated  and  provided  for  after  the  work  outlined  above  is 
done.'' 

This  is  a  modification  of  the  original  project  which,  with  a  history  of 
the  modification,  is  given  in  the  annual  rex>ort  on  this  harbor  for  1896. 
(Chief  of  Engineers'  Report,  1896,  p.  3122.) 

The  cost  of  the  present  project  was  originally  estimated  in  1892  at 
(230,000. 

This  estimate  was  reduced  to  $180,000,  and  it  is  now  determined  that 
the  work  can  be  completed  for  much  less  than  this  amoant,  viz,  $50,000, 
making  the  total  cost  of  the  work  contemplated  by  the  project  $95,000. 

Up  to  Jane  30^  1897,  there  had  been  expended  on  the  project 
$28,936.55.  At  this  time  the  channel  through  the  shoal  at  the  head  of 
Gonners  Island  had  been  completed  to  its  full  width  of  200  feet  and  a 
depth  of  12  feet  or  more  at  mean  river  level.  A  survey  was  made 
September-November,  1896,  of  the  river  from  Touawanda  to  Schlossers 
Dock.  The  map  of  this  survey  gave  data  for  a  careful  study  of  the 
river  and  for  plans  of  improvement,  which  consisted  in  laying  out 
approximate  pierhead  lines  2,000  feet  apart  along  the  river  banks  to 
define  the  ft*ee  river  waterway.  Within  these  limits  a  channel  200  feet 
wide  was  located  from  Touawanda  to  Gonners  Island,  which  channel 
was  found  to  have  12  feet  or  more  depth  of  water,  except  across  a  rock 
ledge  above  Cayuga  Island,  about  1,000  feet  long,  and  over  scattered 
bowlders  above  it.  Drilling  and  blasting  rock  in  the  proposed  channel 
across  this  shoal  had  been  fairly  begun  at  the  beginning  of  the  fiscal 
year. 

The  amoant  expended  during  the  fiscal  year  ending  June  30, 1898, 
was  $15,452.92. 

BEPOBT  OF  GPEBATIGNS. 

Drilling  and  blasting  rock  in  the  channel  across  the  shoal  above 
Cayuga  Island  was  begun  on  June  21, 1897,  and  the  work  was  carried 
on  continuously  day  and  night  until  July  28, 1897,  when  the  drill  boat 
was  discharged.  An  area  81  feet  wide  and  extending  entirely  across 
the  shoal,  9^  feet,  was  drilled  and  blasted. 

The  following  is  a  summary  of  this  work: 

AreadriUed  and  blasted sqnare  yards..  8,424 

Knmber  of  days'  work  of  drill  boat 74.875 

Amoant  earned  by  drill  boat $5,690.50 

Cost  per  square  yard  drilled  and  blasted $0,675+ 

Komber  of  boles  drilled 810 

Area  per  hole  drilled » square  yards..  10.4 

Average  depth  of  holes feet..  3.94-f- 

Dredging  of  the  blasted  area  was  begun  with  one  dredge  on  July  9, 
1807,  and  continued  until  October  29, 1897,  when  the  dredging  of  this 
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area  was  completed,  and  operations  were  stopped  owing  to  the  exhans- 
tiou  of  funds. 

The  season's  operations  resulted  in  secaring  a  channel  across  the 
shoal  above  Cayuga  Island  81  feet  wide  at  its  upper  end  and  100  feet 
wide  at  its  lower  end,  and  not  less  than  12  feet  deep  at  mean  river 
level.    The  total  length  of  the  dredged  channel  wa«  1,040  feet. 

The  following  is  a  summary  of  the  dredging  operations: 

Nnmber  of  days'  work  of  dredge  and  tas 124.07 

Number  of  cubic  yards  blasted  rock  dredged 24,185 

Anuiiiut  earned  by  dredge  and  tag $9,135.90 

Cost  per  cubic  yard  dredged,  scow  measure $0,377 

The  following  is  a  summary  of  the  cost  of  channel  excavation,  includ- 
ing drilliug,  bla.sting,  and  dredging  rock: 

Number  of  cubic  yards  rock  drilled,  blasted,  and  dredged 24, 185 

Amount  earned  by  dredge  and  drill  boat $14,826.40 

Cost  per  cubic  yard  excavated,  scow  measure $0.613-f 

CoBt  per  cubic  yard,  estimated  place  measure $1.65 

The  work  was  done  with  hired  plant.  No  other  operations  were  car- 
ried on  during  the  fiscal  year  1898. 

aSMAjbSlS* 

With  the  completion  of  the  channel  200  feet  wide  and  12  feet  deep 
through  the  Cayuga  Island  reef,  and  the  removal  of  any  bowlders  that 
may  be  elsewhere  discovered,  the  project  may  be  considered  as  com- 
pleted. 

It  is  estimated  that  it  will  cost  $50,000  to  complete  the  work  on  this 
shoal  and  elsewhere  under  the  project,  and  it  is  therefore  recommended 
that  this  sum  be  appropriated  to  complete  the  project. 

It  is  to  be  noted  that  there  is  practically  no  use  made  of  this  channel 
of  the  Niagara  River  below  Tonawauda,  except  by  excursion  boats 

running  to  resorts  along  the  shore  of  Grand  Island. 

■ 

Money  statement 

July  1, 1897,  balance  nnexpended $16^063.45 

June  dO,  1898,  amount  expended  daring  fiscal  year 15,452.92 


July  1, 1898,  balance  unexpended 610.53 


Amount  (estimated)  required  for  completion  of  existing  project. 50, 000. 00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900    50, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AppropriatiofU, 
Act  of— 

July  13,  1892 $20,000 

August  18,  1894 10,000 

June  3,  1896 15,000 

• 

Total 45,000 
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'     COMMERCIAL  STATISTICS^  KIAGABA  FALLS,  NEW  YORK. 

Arrivals  and  departures  for  the  year  ending  December  SI,  1897 • 


from  home  ports 
res  to  home  ports. 


Excarsion  steamers 
and  tngs. 


ivalsand  departaresof  vessels  (tonna^^  1,928) 38 

»of  tonnage  from  1896 S3, 700 

dntffcof  vessels feet..  10 

of  revenue  ooUeotfOd,  year  ending  December  31, 1897 None. 

'  foreign  imports,  year  ending  Decern l)er  31, 1897 None. 

'  foreign  exports,  year  ending  December  31, 1897 None. 

1  tonnage,  port  of  Niagara  FalU No  record. 

)•  of  tranaportation  establiHhed None. 

Receipts  by  river  at  Schlossers  Dock. 


1805. 

1800. 

1807. 

id w 

toTia.. 

300 
100 

None. 
None. 

None. 

^ do... 

None. 

.tal ,T.,.T ...r.XT 

400 

»cord  of  passengers. 

9  was  unloaded  from  vessels  at  foot  of  Grand  Island  and  rafted  to  Port  Day 
paper  mills  the  following: 


Polpwood, 


Tom. 
28,000 
28,284 


1896. 
1897. 


Polpwood. 


Tons, 
36,000 
70,764 


aents  by  river,  none,  except  passengers,  which  are  not  reported. 


N  N  6. 


IMPROVEMENT  OP  WILSON  HARBOR,  NEW  YORK. 

pnal  condition, — Wilson  Harbor  is  at  the  mouth  of  Twelve  Mile 
,  a  small  stream  flowing  into  Lake  Ontario.  In  its  original  con- 
there  was  a  depth  of  water  inside  the  month  sufficient  for  ordi- 
)ized  lake  craft,  but  it  was  closed  by  a  bar  upon  which  there  was 
irily  but  about  1  foot  of  water.  The  object  of  the  improvement 
taken  was  to  obtain  a  channel  of  12  feet  depth  from  deep  water  in 
eek  to  deep  water  in  Lake  Ontario. 

ject — The  present  project  was  submitted  in  1873  and  proposed  to 
d  piers  to  the  12-foot  curve  in  Lake  Ontario  and  to  dredge  a  cfaan- 
!  feet  deep  between  the  piers  and  from  the  shore  end  of  the  piers  to 
^p  water  in  the  creek. 

\  original  estimated  cost  of  the  work,  as  made  in  1873,  was  $90,000. 
¥as  increased  in  1877  to  $100,000. 
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The  amount  exx>endedapon  the  prqjectto  Jnne30, 1897,  was  (69,962.92. 
With  this  money  there  had  been  built  two  piers  at  the  harbor  entrance 
and  a  shore  protection;  the  piers  were  repaired  in  1896  and  the  chan- 
nel dredged  as  far  as  the  funds  would  allow.  The  piers  are  prolonga- 
tions of  piers  built  by  private  parties  in  1846.  At  present  the  west  pier 
is  832  feet  long  and  tbe  east  pier  850  feet  long.  There  is  also  a  shore 
protection  for  the  east  pier.    This  is  360  feet  long. 

The  channel  was  dredged  in  1889  to  a  minimum  depth  of  about  9  feet, 
but  had  shoaled  since  that  time.  During  the  fiscal  year  ending  June 
30, 1897,  the  channel  was  again  dredged  out. 

At  the  close  of  the  work  the  channel  had  been  dredged  to  its  full 
depth  of  12  feet  and  80  feet  wide  from  the  lake  to  the  docks  in  the  har- 
bor. The  material  was  found  to  be  sand  and  gravel,  with  a  ledge  of 
red  shale  underlying  the  outer  400  feet  of  the  channel.  This  shale  was 
removed  by  the  dredge  without  material  difficulty  and  required  no 
blasting. 

In  connection  with  the  dredging  the  piers  were  repaired  to  the  extent 
permissible  with  the  available  funds.  The  superstructures  of  both 
piers  were  filled  with  stone  where  needed,  which  was  at  their  outer 
ends,  and  the  decks  repaired  to  protect  the  new  filling. 

No  money  was  expended  during  the  fiscal  year  endmg  June  30, 1898. 

REPORT  OP  OPERATIONS. 

Nothing  was  done  toward  the  improvement  of  this  harbor  during  the 
fiscal  year  ending  June  30, 1898. 

The  work  at  Wilson  Harbor  was  never  completed,  but  has  been  in 
hand  since  1873.  The  existing  piers  are  badly  in  need  of  repairs,  and 
the  channel  between  the  piers  becomes  choked  with  sand  and  gravel. 

The  money  appropriated  by  the  act  of  June  3, 1896,  was  expended  in 
making  absolutely  necessary  minor  repairs  and  in  dredging  as  good  ft 
channel  as  possible. 

To  put  this  harbor  in  the  condition  which  is  called  for  by  the  project 
will  cost  about  the  difierence  between  the  estimated  cost  of  $100,000 
and  the  amount  already  appropriated,  $70,000 — ^that  is,  $30,000.  Of 
this,  $15,000  will  be  required  tbr  renovation  of  the  piers  and  $15,000 
for  dredging. 

About  the  only  business  of  Wilson  by  water  is  the  excursion  busi- 
ness. Upon  Twelve  Mile  Greek  there  are  some  beautiful  picnic  grounds 
with  suitable  buildings,  and  several  times  during  the  summer  boats 
bring  parties  of  excursionists,  chiefly  from  Canada. 

Money  statement 

Jnly  1, 1897,  balance  unexpended $16.09 

July  ly  1896^  balance  unexpended 16.09 

fAmonnt  (estimated)  required  for  completion  of  existinp^  project 30, 000. 00 

AmoQut  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1900  30, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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Statement  of  apprapriationt. 


Marcb8,1875 $10,000.00 

AuffQBt  14, 1876 10,000.00 

JnDel4.1880 10,000.00 

March  3, 1881 10,000.00 

Aufrast  2, 1882 10,000.00 

August  5, 1886 10, 000. 00 

AuffUBt  11, 1888 5,000.00 


June  3, 1896 $5,000.00 


Total 

May  12, 1897,  repayment  to  ap- 
propriation   


70, 000. 00 

.50 

70, 000. 50 


Twenty-one  dollars  and  forty-nine  cents  from  the  appropriation  of  August  11, 1888, 
remained  unexpended  and  was  turned  into  the  Treasury  January  22, 18%. 


OOMIknERCIAL  STATISTICS,  WIUBON  HABBOR,  NBW  YORK. 

[Furnished  by  the  deputy  oolleotor  of  otutoma  at  Wilson,  N.  T.] 

Arrivals  and  departures  for  the  year  ending  December  SI,  1897. 


Steam  Teasels. 


AitItbIs  from  foreign  i>ort8 . 
Deputarea  to  foreign  ports. 


i«9ao 

1,920 


Total  anivala  and  departures  of  vessels  (tonnage,  8,840) 14 

DecTCiaaeof  tonnage  from  1896 8,010 

Greatest  draft  of  vessels feet..         10 

Amount  of  revenue  oollected,  year  ending  December  31, 1897 $6.40 

Value  of  foreign  imports,  year  ending  December  31, 1897 $32.00 

Value  of  foreign  exports None. 

Enrolled  tonnage,  portof  Wilson,  K.  Y Kone. 

Kew  lines  of  transportation  established Kone. 

BeoeiptB  and  ehipmenie  by  lake  for  the  years  1896  and  1897, 


Articles. 

Beoeipts. 

Shipments. 

1896. 

1807. 

1896. 

1897. 

Lumber...--*..  •••--•••-•-•.-•--•••••-•.--••«.-..•••-.. --••-•.-••-- 

Tons. 
898 
0.25 

25 
360 

18 

Tom. 

Tons. 

Tons, 

Kiiiit 

0.25 

lAth .- 

ClgJinT  TWMita  - 

Shinslee 

Beer.  12doaen  bottles............... 

0.20 

Total 

1,296.25 

.20 

.25 

The  following  table  gives  the  total  arrivals  at  and  departures  from  Wilson  Harbor, 
New  York,  for  the  last  ten  years. 


Year. 

Vessels  arriving 
and  departing. 

Year. 

Vessels  arriving 
Mid  departing. 

Number. 

Tonnage. 

Number. 

Tonnage. 

Iggg 

43 

126 

102 

89 

54 

5,963 
27,906 
25,258 
19,731 
19,992 

1893 

99 
78 
106 
42 
14 

35,860 

1889 

1894 

27,188 

1800 

1895 

41,820 

1*191 

1896 

9,850 

laga           ..-«... 

1897 

3,840 

i 

1 
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APPENDIX  O  O. 


IMPROVEMENT  OP  HARBORS  ON  LAKE  ONTARIO  EAST  OP  OAK  ORCHARD, 
NEW  YORK,  AND  OF  RIVERS  AND  HARBORS  IN  NORTHERN  NEW  YORK. 


REPORT  OF  MAJ.  W.  S.  STANTON,  CORPS  OF  ENGINEERS,  OFFICER  IN 
CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1898,  WITH  OTHER 
DOCUMENTS  RELATING  TO  THE  WORKS. 

IMPROVKMENTS. 


1.  Charlotte  Harbor,  New  York. 

2.  Harbor  at  Great  Sodas  Bay,  New  York. 

3.  Harbor  at  Little  Sodas  Bay,  New  York. 

4.  Oswego  Harbor,  New  York. 

5.  Harbor  at  Sacketts  Harbor,  New  York. 


6.  Harbor  at  Cape  Vincent,  New  York. 

7.  Slioals    between   Sister    Islands    and 

Cross-over    Light,     St.    Lawrenoe 
River,  New  York. 

8.  Ogden&bnrg  Harbor,  New  York. 


United  States  Engineer  Office, 

Oswego  J  N.  T.,  June  30, 1898. 

General:  I  have  the  honor  to  transmit  herewith  annual  reportsfor 
the  fiscal  year  ending  Jane  30, 1898,  upon  the  works  of  river  and  harbor 
improvement  under  my  charge. 

Very  respectfally,  your  obedient  servant, 

W.  S.  Stanton, 
Major ^  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Ohief  of  Engineers,  U.  8.  -4- 


O  O  X. 

IMPROVEMENT  OP  HARBOR  AT  CHARLOTTE,  NEW  YORK. 

This  harbor  is  in  the  Genesee  Biver.  Its  improvement  has  consisted 
in  deepening  the  channel  on  the  bar  at  the  month  of  the  river  from  8 
feet  in  1829  to  16  feet  in  1898,  by  building  two  jetties  of  cribs  of  timber 
baJlasted  with  stone,  and  by  dredging.  A  plan  of  the  improvement 
faces  page  2458  in  the  Beport  for  1894  and  its  history  is  given  on  pages 
3131-^137  of  the  Report  for  1896. 

In  1882  the  project  was  adopted  to  obtain  the  depth  of  15  feet  in  the 
channel  at  low  water  (zero  of  the  Oswego  gauge)  by  extending  the  two 
piers  an  aggregate  length  of  3,250  feet  to  the  15-foot  curve  in  the  lake, 
s&nd  by  dredging. 

July,  1896,  when  1,444  feet  of  this  pier  extension  had  been  con- 
structed, the  project  was  modified  by  the  Chief  of  Engineers  to  obtain 
uad  preserve  the  depth  of  16  feet  at  low  water  by  dredging  without 
further  extension  of  the  piers,  at  least -for  the  present,  which  is  the 
project  in  pursuance  of  which  funds  are  now  applied. 

During  the  fiscal  year  ending  June  30, 1898,  49,973.4  cubic  yards  of 
tead,  sil^  and  sand  were  dredged  from  the  channel  by  W.  J.  Daly,  of 
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Ogdensborg,  N.  Y.,  under  written  proposal  and  written  acceptance,  at 
15  cents  "pev  cubic  yard,  measured  in  scows,  Mr.  Daly's  proi)08al,  in 
response  to  advertisement,  to  do  the  dredging  by  formal  contract  for 
18  cents  per  cubic  yard  having  been  rejected. 

Minor  repairs  were  made  to  the  decks  of  the  jetties. 

A  survey  made  by  Asst.  Engineer  John  C.  Churchill,  jr.,  in  January, 
1898,  showed  that  there  was  a  channel  16  feet  deep,  at  zero  of  the 
Oswego  gauge,  125  feet  wide.  Another  survey  made  June  28, 1^8, 
shows  that  there  is  now  a  channel  150  feet  wide  and  15^  feet  deep  at 
same  stage.  To  restore  the  channel  to  a  depth  of  16  feet  and  width  of 
150  feet  will  require  the  removal  of  10,000  cubic  yards  of  material. 

The  sediment  deposited  by  the  Oenesee  Biver  in  freshets  necessitates 
more  or  less  dredging  annually  to  maintain  the  depth  of  16  feet  in  this 
channel. 

Commencing  about  120  feet  from  its  outer  end,  453  linear  feet  of  the 
east  pier  is  somewhat  dilapidated,  but  will  need  only  minor  repairs  for 
the  next  few  years. 

It  is  estimated  that  there  may  be  required  to  June  30, 1900: 

For  dredpn^,  office  expensed,  snrreys,  and  saperintendenoe 15,500 

For  repairs  to  pieni 1,500 

Total 7,000 

The  total  commerce  at  this  port  during  the  calendar  year  ending  De- 
cember 31,  1897,  was  385,981  tons,  of  which  372,713  tons  were  coal 
brought  by  rail  from  the  mines  in  Pennsylvania  to  Charlotte;  81.1  per 
cent  of  it  was  shipped  down  the  St.  Lawrence,  17.3  per  cent  to  Canft- 
dian  ports  on  Lake  Ontario,  and  1.6  per  cent  through  the  Wellaod 
Canal. 

Charlotte  is  in  the  collection  district  of  Genesee,  N.  Y. 

Money  statement 

Jnly  1, 1897,  balance  nnexpended $9,406.19 

June  30, 1898,  amount  ezi)ended  daring  fiscal  year 8^981.61 


July  1, 1898,  balance  unexpended 


A  mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,1900 
Submitted  in  compliance  with  requirements  of  nections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  1897. 


AppropHationa, 


Date. 


Hay  23, 1828 

March  2, 1829.... 
March  3, 1829.... 

March  2, 1831 

Fehniary  24, 1832 

March  2, 1838 

jDne28. 1834 

March  3, 1835.... 

Jnly  2, 1836 

March  3, 1837 

Jnly  7, 1838 

Jane  11, 1844  .... 
Angnat20,1852.. 

March  8, 1858 

June  28, 1864 

June  2:i,  1866 

July  26, 1868 


Amonnt. 


$300.00 
10.000.00 
13,335.00 
16, 670. 00 
16,000.00 
15,000.00 
20,000.00 

2,300.00 
20,000.00 
10,000.00 
25,000.00 
10,000.00 
20,000.00 
176. 10 
26,000.00 
75, 607. 30 

1.100.00 


Aggregate. 


$800.00 

10, 300. 00 

23,635.00 

40, 305. 00 

56, 805. 00 

71, 305. 00 

01, 305. 00 

03. 605. 00 

113,605.00 

123,605.00 

148,606.00 

158, 605. 00 

178,605.00 

478,871.10 

203,871.10 

270,478.40 

280,67&40 


Date. 


April  10, 1869  a... 

July  11, 1870 

March  3, 1871 

March  3. 1875 

Jnnel8,1878 

March  3,1879 

June  14, 1880 

March  3,188] 

Anga8t2,1882 

July  5, 1884 

AngUBt5, 1886 

August  10, 1888. . . 
Septemher  19, 1890 

July  18, 1892 

August  18, 1894... 
June  3, 1896 


Amount. 


12. 

10, 

5. 

1, 

1, 

6. 

2, 

35, 

20. 

26, 

45, 

25. 

25, 

15. 

12. 


000.00 
000.00 
000.00 
000.00 
000.00 
000.00 
000.00 
500.00 
000.00 
000.00 
250.00 
000.00 
000.00 
000.00 
000.00 
000.00 


$281,5:&ll 
293.57&4f 
803.578.1! 
308,57&<l 
309.57^^ 
810, 5iR* 
815.578.* 
318,078.; 
853,07&jJ 
873,078.* 

899, »; 

444,2* 
469,  S»* 
494. 3»* 

521.  S3&* 


«  Allotment. 
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COMMRRCIAL  STATISTICS. 


ClaM  of  goods. 


Coal 

Grain..... 

Pol«>«  and  railroad  tiea 

Pouts  and  wood 

Shingles 

Iron 


Net  tons. 


872,713 

1125 

6,528 

8,871 

689 

661 


Class  of  goods. 


Lumber 

Pnlp  w<ol 

on 

General  niDrcbandiae 

Total 


Net  tons. 


644 

288 
149 
673 


886,881 


Decrease  since  last  year,  12,259  tons ;  passengers  carried,  48,402. 
Navigation  opened  April  30  and  closed  December  13,  1897. 

Statement  of  veeseU  at  Charlotte  Harbor,  Neio  York,  for  calendar  year  ending  December 

31, 1897, 

ARRIVALS. 


Steamers. 

Sailing  vessels. 

Barges. 

Trade  engaged  In. 

Number. 

Registered 
tonnage. 

Number. 

Registered 
tonnage. 

Number. 

Refdstered 
tonnage. 

TTWMA 

600 
202 

182,162 

147, 276 

26 
162 

4,026 
28,465 

81 
200 

0,668 

Fo  raim ..........  1 .......... .a... . 

83,808 

Total B 

001 

270,438 

188 

88,801 

240 

82,071 

Amikrlf>|k|i  OWnod  ....T......*..«-r* 

704 
287 

128,076 
161,363 

10 
178 

1,870 
82,021 

172 
68 

60,160 

82,811 

Total  arrlrals,  1,410;  registered 

tonnage,  405,800. 

DBPARTURl 

IS. 

Home ••••••••.............. 

710 
278 

164,776 
124,688 

22 
166 

8,430 
20,017 

10 
221 

6,883 

ffoiein ....................... 

87.088 

Total 

002 

270,464 

187 

83.347 

240 

02,071 

Total  departnree,  1,410;  zegiater 
Greatest  draft  of  Teasel 

ed  tonnage,  406,782. 

feet..      ISA 
AAge..  1,1^ 
tons..  1,670 

Greatest  tonnase  of  vessel. ....... 

reffi 

Btered  torn 
...••. .net 

Gmateet  load  or  Teasel 

••••**  ••»'»»< 

O   O   2. 

IMPROYEMENT  OP  HARBOR  AT  GREAT  S0DU8  BAY,  NEW  YORK. 

The  improvement  has  consisted  in  protecting  the  harbor  by  building 
a  breakwater  between  the  bay  and  Lake  Ontario,  and  in  deepening  the 
entrance  channel  by  building  two  jetties  and  by  dredging.  The  break- 
water and  jetties  consist  of  cribs  of  timber  ballasted  with  stone. 

A  plan  of  the  improvement  faces  page  2468  of  the  report  for  1894, 
and  there  is  a  history  of  the  improvement  and  a  description  of  the  bay 
in  the  report  for  1896,  pages  3139-^144. 

In  1882  the  project  was  adopted  to  obtain  the  depth  of  15  feet  at  low 
water  ^zero  of  the  Oswego  gauge)  by  extending  the  piers  to  the  15-foot 
curve  m  the  lake  and  by  dredging.  (See  p.  2442,  Beport  for  1881.) 
The  total  extension  of  both  piers  then  required  to  reach  that  curve 
was  1,100  feet.  July  18, 1896,  when  the  two  piers  had  been  extended  a 
total  length  of  539  feet,  the  Ghief  of  Engineers  authorized  the  depth 
of  15  feet  to  be  obtained  and  maintained  by  dredging  without  further 
extension  of  piers  into  the  lake,  at  least  for  the  present,  the  fhnds  then 
available  to  be  applied  to  dredging  a  channel  15  feet  deep  and  150  feet 

jufa  98—176 
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wide  between  the  piers,  flaring  to  250  feet  in  width  at  the  15-foot  cnrve, 
and  to  maintenance  oi  the  piers  and  of  the  United  States  dredging 
plant,  which  is  the  project  in  parsaance  of  which  fands  are  now  applied. 

During  the  fiscal  year  1,000  cabic  yards  of  hardpan  were  dr^ged 
from  the  east  side  of  the  entrance  by  Mr.  W.  J.  Daly,  of  Ogdensbnrg, 
N.  Y.,  under  written  proposal  and  written  acceptance,  at  50  cents  per 
cubic  yard;  and  the  following  alterations  and  repairs  have  been  made 
to  the  United  States  dredging  plant:  The  spud  casings  of  the  dredge 
Frontenao  have  been  removed  from  the  hold  and  placed  oatboai^ 
The  machinery  for  hoisting  the  spuds  and  for  throwing  a  part  of  the 
weight  of  the  dredge  upon  the  spuds  has  been  provided  and  installed. 
The  engines  and  machinery  have  been  thoroughly  overhauled  and 
repaired  and  minor  repairs  made  to  the  hull,  which,  with  its  super- 
structure, has  been  painted.  Two  trusses  have  been  built  in  each  of  the 
two  scows  and  the  scows  further  strengthened  by  building  two  cross 
bnlkheads,  shortening  the  pockets,  and  the  scows  entirely  recalked 
The  total  cost  of  these  alterations  and  repairs,  including  outstanding 
liabilities,  has  been  $4,250,  divided  among  the  appropriations  for 
improving  harbors  at  Charlotte,  Great  Sodus,  Little  Sodus,  Oswego, 
and  Sacketts  Harbor,  of  which  $1,700  has  been  defrayed  from  tiie 
appropriation  for  this  improvement. 

A  survey  of  the  channel  made  by  Assistant  Engineer  John  G. 
Ghurchill,  jr.,  May  31, 1898,  shows  that  the  channel  15  feet  deep  and 
150  feet  wide  throughout  from  the  bay  to  the  lake,  which  was  com- 
pleted in  August,  1897,  had  shoaled  so  that  there  was  a  channel  l^ 
feet  deep,  with  a  minimum  width  of  100  feet,  and  that  the  minimum 
width  of  the  channel  15  feet  deep  was  only  25  feet.  To  restore  this 
channel  to  the  depth  of  15  feet  and  width  of  150  feet  and  to  increase 
it  to  the  width  of  250  feet  at  its  mouth  will  require  the  dredging  of 
about  40,000  cubic  yards,  at  an  estimated  cost  of  $6,000. 

The  sand  driven  into  the  channel  by  the  sea  and  from  the  west  pier 
by  the  wind  necessitates  annual  dredging  to  maintain  the  depth  of  15 
feet. 

Seven  hundred  and  eighty-one  linear  feet  of  the  west  pier  and  350 
feet  of  the  east  pier  require  a  new  deck,  plank,  stringers,  and  cap  tim- 
bers. The  timbers  next  below  the  cap  timbers  also  require  renewal  on 
the  east  side  of  the  east  pier. 

It  is  estimated  that  there  will  be  required  to  June  30, 1900,  for  dredg- 
ing, office  expenses,  surveys,  and  superintendence,  $9,000,  and  for 
repairs  to  piers  $5,000 ;  total,  $14,000. 

The  total  commerce  at  this  port  during  the  calendar  year  ending 
December  31,  1897,  was  53,548  tons,  of  which  53,129  tons  were  coal, 
which  is  transported  from  various  mines  in  Pennsylvania  by  rail  to 
Great  Sodus,  and  of  which  83.7  per  cent  was  shipped  down  the  St 
Lawrence  River  and  16.3  per  cent  to  Canadian  ports  on  Lake  Ontario. 
Great  Sodus  is  in  the  collection  district  of  Oswego,  K.  Y. 

Money  statement. 

July  1, 1897,  balance  unexpended $4,645.67 

Jane  30, 1898,  amonnt  expended  during  fiscal  year ^ 3,217.47 

July  1, 1898,  balance  unexpended L428.30 

July  1, 1898,  outatandlng  liabilities 332.53 

July  1,  1898,  balance  avaUable 1,0^.67 

Amount  ibat  can  be  profitably  expended  in  fiscal  vear  ending  June  30, 1900    U,  OOO.  (V 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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AppropriaHon9» 


Date. 

Amount. 

Aggregate. 

Date. 

Amoont. 

Aggregate. 

May  23, 1828  (Burvej) 

March  2.  1820 

$400.00 
12,500.00 
15,280.00 
17,450.00 
17,000.00 
15,000.00 
15,000.00 
11.790.00 
12.600.00 
12.000.00 
10,000.00 

5,000.00 
10,000.00 
53.151.80 
80,000.00 

5,000.00 

$400.00 

12,600.00 

27,780.00 

45,230.00 

62,230.00 

77,230.00 

02,230.00 

104,020.00 

116,620.00 

128,620.00 

138,620.00 

143,620.00 

163,620.00 

206,771.80 

286.771.80 

291,771.80 

Jane  10.1872  ....•••..... 

$15,000.00 

15,000.00 

10.000.00 

5,000.00 

5,000.00 

2,000.00 

3.000.00 

5,000.00 

25.000.00 

10,000.00 

16.875.00 

24.000.00 

10,000.00 

15.000.00 

15,000.00 

8,000.00 

$806,771.80 
821,771.80 
831, 771. 80 
836,771.80 
841,771.80 
843,771.80 
846,771.80 
351,771.80 
876,771.80 
886,771.80 
403,646.30 
427.046.80 

Jane 23. 1874  .•.•...•.••. 

March  8. 1820 

March  3. 1875 

March  2. 1831 

Aajra«tl4,1876..... 

Jane  18.1878 ••..... 

March  2. 1833 

March  3. 1870 

June  28. 1834 

Jane  14. 1880 

March  8, 1835 

March  3. 1881 

JalT2.18S6 

Au£a8t2.1882 

March  3. 1837 

Jaly  5,1884 

July  7. 1838 

Aagast5,1886 

June  11. 1844 

Aasaet  10. 1888 

Aoffnst20.1852 

September  19, 1890 

JaiTlS,1882 

437.646  80 

June  28. 1866 

452,646.80 
467.646.80 

March  2.1867 

Aagoat  18, 1894 

July  11. 1870 

Jane  8, 1896..... 

475^646.80 

COMMERCIAL  STATISTICS. 


Class  of  goods. 


Kettons. 


Coal 

Poets  and  wood 

General  merchandise 

Total 


68,120 

55 

864 


68,648 


Increase  over  last  year,  17,177  tons ;  number  of  passengers  carried^  1,646. 
Navigation  opened  May  5  and  closed  December  2, 18d7. 

Statement  of  vesseU  at  Oreat  Sodue  Harbor ,  New  York^  for  the  calendar  year  ending 

December  51, 1897. 

ASBIYALS. 


• 

Steamers. 

Sailing  Teasels. 

Baxges. 

Trade  engaged  in. 

Nomher. 

Regintered 
tonnage. 

Namber. 

Registered 
tonnage. 

Kamher. 

Registered 
tonnage. 

HC1lie......«*>r *T»*wr,,,fr-.^-- 

73 
88 

4,840 
2.841 

15 
29 

2,023 
6,662 

24 

41 

6,462 
18,070 

Voraiini  .......................... . 

Total 

111 

7,690 

44 

8,685 

65 

19,532 

Amerioan  o^nied  -r.-r***. .•••**.*-- 

91 
20 

5,988 
1,702 

22 
22 

5,764 
2,921 

45 
20 

18,304 
6,228 

Total  arxiyals,  220;  registered  tonnage,  85, 907. 


DEPARTURES. 


Hom4*.  .•••••.••T-»«.»i'»»*--TT-Ti'--- 

66 

45 

4,269 
8,421 

9 
85 

1,720 
6,966 

26 
80 

8,828 
11,204 

VAiwiini .........•••>>...•>•«>* 

Total .........r 

111 

7,690 

44 

8,685 

65 

10,582 

Total  departures,  220;  registered  tonnage,  85,907. 

Orsateat  draft  of  vessel feet..       18 

Greatest  tonnase  of  vessel registered  tonnage..  1,080 

Greatest  load  of  veaael net  tons..  1,176 
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O  O3. 

IMPROYEMENT  OF  ^RBOR  AT  LITTLE  80DU8  BAY,  NEW  TORE. 

The  improvement  has  consisted  in  protecting  the  harbor  by  building 
a  breakwater  between  the  bay  and  Lake  Ontario  and  in  deepening  the 
entrance  channel  by  building  two  jetties  and  by  dredging.  The  break- 
water and  jetties  consist  of  cribs  of  timber  ballasted  with  stone. 

A  plan  of  the  improvement  faces  page  2446,  report  for  1881,  and  there 
is  a  history  of  the  improvement  and  a  description  of  the  bay  at  pages 
3146-^150,  report  for  189G. 

In  1882  the  project  was  adopted  to  obtain  the  depth  in  the  entrance 
channel  of  15  feet  at  low  water  (zero  of  the  Oswego  gauge)  by  extend- 
ing the  piers  a  total  length  of  1,500  feet  to  the  15-foot  curve  in  the  lake 
and  by  dredging. 

In  1895,  8;^  feet  of  this  pier  extension  had  been  built,  and  the  chan- 
nel had  been  dredged  to  the  de|)th  of  15  feet  at  low  water  from  the  bay 
to  the  lake  with  a  minimum  width  of  136  feet. 

July  18, 1896,  the  Chief  of  Engineers  authorized  the  then  available 
funds  to  be  applied  to  redredging  in  maintenance  of  this  channel  to 
the  depth  of  15  feet  and  to  widen  it  to  150  feet  between  the  piers  and 
170  feet  throngh  a  hardpan  shoal  toward  the  outer  ends  and  in  advance 
of  them  and  to  necessary  repairs  to  maintain  the  piers,  breakwater, 
and  United  States  dredge. 

Contract  was  therefore  entered  into  May  27, 1897,  with  W.  J.  Daly, 
of  Ogdensburg,  N.  Y.,  to  redredge  this  channel  to  the  depth  of  15  feet 
and  to  increase  its  width  as  above.  Under  this  contract  there  were 
removed  during  the  fiscal  year  26,239.7  cubic  yards  of  sand  and  gravd 
and  2,145.2  cubic  yards  of  hardpan  and  bowlders. 

Minor  repairs  were  made  to  both  piers. 

Two  hundred  and  forty-one  linear  feet  of  the  outer  end  of  the  east 
pier  requires  a  new  deck,  including  cap  timbers  and  stringers. 

There  may  be  required  for  expenditure  to  June  30, 1900,  $5,500,  as 
follows: 

For  redredging $4,000 

For  repairs  to  piers 1,500 

Total 5,500 

The  total  commerce  of  this  port  during  the  calendar  year  ending 
December  31, 1897,  was  6S,SSS  tons.  Of  this  amount  67,950  tons  were 
coal  transported  by  rail  from  the  mines  in  Sullivan  and  Luzerne  coun- 
ties, Pa.,  to  Little  Sodus,  whence,  in  1897, 62  per  cent  was  shipped  down 
the  St.  Lawrence  Biver  and  38  per  cent  to  Canadian  ports  on  Lake 
Ontario. 

Little  Sodas  ia  in  the  colleotion  district  of  Oswego,  N.  Y. 

Money  statement 

July  1, 1897,  balance  unexpended $9,162.37 

June  30, 1898,  amount  expended  during  fiscal  year 5,407.83 

July  1, 1898,  balance  unexpended 3,754.54 

July  1, 1898,  outstanding  liabilities $447.84 

July  1, 1898,  amount  covered  by  uncompleted  contracts 1, 850. 00 

•  ■  ■  ■■  2, 297. 84 

July  1, 1898,  balance  avaUable 1,456.70 

{Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  SO,  1900     5, 500. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
barbor  acts  of  1866  and  1867  and  of  sund^  civil  act  of  June  4, 1897. 
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Appropriations. 


Date. 

Amount. 

Aggregate. 

Date. 

Amount. 

Aggregate. 

AiijniBt20.  1852 

110,000.00 

1, 178. 38 

2,224.00 

99.00 

33,840.41 

50.000.00 

1,500.00 

5, 000. 00 

15,000.00 

15. 000. 00 

15, 000. 00 

15.000.00 

10,000.00 

$10,000.00 

11,778.38 

14, 002. 36 

li,  101. 36 

47, 941. 77 

97.941.77 

90, 441. 77 

104.441.77 

119,441.77 

134,441.77 

149, 441. 77 

164,441.77 

174,441.77 

AngustU,  1876 

15,000.00 

10.000.00 

5.000.00 

20. 000. 00 

2U.  UOO.  00 

25. 000. 00 

10,000.00 

12, 500. 00 

16. 000. 00 

13,000.00 

6,000.00 

8.000.00 

8,000.00 

$179,441.77 
189,441.77 
194,441.77 
214.441.77 

April  9. 1864 

June  18. 1878 

Do 

March  8.  1879 

Do 

June  14, 1880 

March  3,  1881 

Jnne23.  1866 

234,441.77 
259.441.77 

March  2. 1867 

Auirust2.  1882 

ADril  10.  1869 

Julys,  1884 

Aueuat  6.  1886 

269,441.77 
281,941.77 

Jnlyll.  1870 

March  3. 1871 

AuGTust  10.  1888 

297. 941. 77 

Jnoe  10.  1872 

September  19, 1890 

July  13.  1892 

310.941.77 

March  3. 1873 

316.941.77 
324.  Ml.  77 

Jane  23.  1874 

Aueuet  18.  1894 

March  3.  1875 

June  3. 1896 

332. 941. 77 

COMMERCIAL  STATISTICS. 


Clasa  of  goods. 


Coal 

Poeta  and  wood 

Flah 

Lumber 


Net  tons. 


87,950 

910 

11 

8 


ClaM  of  goods. 


Shingles.. 
Total 


Net  tons. 


68,888 


Increase  over  last  year,  3,470  tons. 

Navigation  opened  April  7  and  closed  December  20,  1897. 

Statement  of  vessels  at  Little  Sodas  Harbor,  New  York,  for  the  calendar  year  ending 

December  31,  1S97, 

ABRIYALS. 


Steamers. 

Sailing  Teasels. 

Barges. 

Trade  engaged  in. 

Number. 

Registered 
tonnage. 

Number. 

Registered 
tonnage. 

Number. 

Registered 
tonnage. 

Mome. ............................ 

24 
24 

1,490 
3,479 

14 
96 

1,800 
13, 146 

29 
71 

9.206 

9*iireiini. ...................... .... 

26.313 

Total 

48 

4,969 

110 

14,946 

100 

85, 519 

A  merlean  owned .......tt. 

27 
21 

1,664 
3,305 

21 
89 

1.390 
13,556 

41 
59 

11,755 

23,764 

Total  arriyals,  258;  registered  tonnage,  55,434. 


DEPARTURES. 


ff ome. ...... 

23 
25 

1,462 
3,507 

6 
105 

702 
14,252 

19 
81 

5,611 

IToreisn  ......•...•....■•■•....... 

29,908 

Total 

48 

4,969 

111 

14,954 

100 

85,519 

Total  departures,  259 ;  registered  tonnage,  55,442. 

Gzeatest  draft  of  vessel ^ feet..  14 

Greatest  tonnage  of  vessel registered  tonnage..  770 

Gxeatestload  of  vessol net  tons..  887 
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Afpropriati(m9. 


Dsttt. 


Hu«b90,1826 

Huob2,1827 

Hay  19. 1828 

March  3,1829 

]lArch2.l83L 

Do 

Do 

Do 

February  24, 1832 

Ilarch2,1833 

Jane  28, 1834 

July  2, 1830 

Ilarch8.1837 

Ju1t7.1838 

Jaiiell,1844 

Angnitt  20, 1852 

Angu»t,  18A0,allotneiit 
transferred  from 

light-bouae 

Jane  28. 1804,  allotment 

Jane  23, 1866 

March  2, 1867 

Jaly  25, 1868,  allotment 


Aggregate. 


$200.00 

$200.00 

88,348.64 

83,648.64 

9,683.89 

a,  182. 03 

7,472.00 

50.604.08 

2,812.91 

58,416.96 

18,000.00 

72,016.96 

619.00 

72,685.96 

84.92 

72,620.87 

19. 000. 00 

91,620.87 

8,400.00 

100,020.87 

80.000.00 

180,020.87 

20,000.00 

160,020.87 

16,000.00 

165,020.87 

46,067.00 

211,067.87 

20.000.00 

231,087.87 

40,000.00 

271,067.87 

80,000.00 

301,067.87 

25,000.00 

826.067.87 

45,000.00 

871,087.87 

60,000.00 

431,087.87 

20,000.00 

451,087.87 

Date. 


April  10.  1869,  albit- 

ment 

Do 

Jnlyll.1870 

March  8, 1871 

Jane  10. 1872 

March  8, 1878......... 

Jnne23, 1874 

March  3. 1875 

Aagoat  14, 1876 

Jane  18, 1878 

March  3, 1879 

Jane  14, 1880 

Mar«h3,1881 

Aognat2,1882 

Jaly  5, 1884 

Aagaat  6, 1886. 

AagustlO.1888 

September  19, 1800 

July  18, 1892 

Aagaat  18, 1894 

Jane  3, 1886 


Amount. 


$t2.275w00 

9,000.00 

60,000.00 

100.000.00 

190.000.00 

100.000.00 

75, 000. 00 

90,000.00 

90.0i-0.00 

90,000.00 

90,000.00 

90,000.00 

50,000.00 

80,000.00 

80.000.00 

71,250.00 

100. 000. 00 

30.000.00 

40, 000. 00 

87,000.00 

60,000.00 


Aggregate. 


$173,962.87 

479,362.87 

629.36LR7 

629.382.87 

729.362.87 

829. 362.  K7 

904,362.87 

994,863.87 

1,084,S«^.^7 

1,174. 36187 

1.264, 362.  R7 

1,854,36187 

1,404,862.97 

1,494,362.97 

1.564, 861  «7 

1,635.612.87 

1,735.612.87 

1,765.612.97 

1,805,612.87 

1.842,61187 

1,908,61187 


COMMERCIAL  STATISTICS. 


Class  of  goods. 


Coal 

Lnmber 

Grain 

Shingles 

Poles  and  railroad  ties 
Laths 


Net  tons. 


528,662 

114,426 

44,101 

6,065 

2,820 

2,530 


Class  of  goods. 


Posts  Mid  wood 

Fish 

(Ml 

General  merobradise 

Total 


Net  tons. 


1,481 

41 

2 

6,787 


706,806 


PasBeDgera  carried,  8,918.    Decrease  since  last  year,  77,167  tons. 
Navigation  opened  March  27  and  closed  December  10,  1897. 

Statement  ofttueU  at  Oewtgo  Harbor ,  New  York,  far  year  ending  December  SI,  1S97, 

ABRIVALS. 


Steamers. 

Sailing  vessels. 

Barges. 

Trade  engaged  In. 

Nnmber. 

Registered 
tonnage. 

Nnmber. 

Registered 
tonnage. 

Kamber. 

Registered 
tonnage. 

Home,  on  lake ■■ 

285 
358 

95,672 
83,278 

86 
474 

19,554 
89,676 

148 
169 

53,637 
52,351 

Foreiflm,  on  lake 

Total 

643 

178,060 

660 

109,230 

817  1         106.988 

American  owned •••.. 

433 
210 

138,393 
40,557 

108 
452 

25,656 
83,664 

144 
17S 

44,746 
61.243 

Osnadisn  owned i. .......... 

Total  arrivals,  1,620;  registered  tonnage,  394,168. 

DBPARTURBS. 


Home,  on  lake 

811 
333 

134,614 
64,823 

113 
444 

27,840 
80, 543 

84 
288 

10.049 
95,839 

Foreign,  on  lake 

Total 

644 

179,337 

557 

108,383 

817 

105,988 

Total  departures,  1,618;  registered  tonnage,  393,708. 

Total  freight  carried  on  canal tons..  88,572 

Increase  over  laHt  year tons..    4,144 

Greatest  draft  of  vessel feet.-       Itt 

Greatest  tonnage  of  vessel registered  tonnage..    1,5» 

Greatest  load  of  vessel netUma..    8,288 


75^ 


'•     /o 


,  ,     „       !.•    !«►*     «>■•    '»■'    '^'•.     '•'     "* 
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O  O  5. 

IMPROVEMENT  OF  HARBOR  AT  8ACKETT8  HARBOR,  NEW  YORK, 

Por  the  history  of  this  improvement  see  page  3160  of  the  Report  for 

Daring  the  year  an  area  of  aboat  five  acres  in  this  harbor,  which  had 
en  dredged  to  the  depth  of  12  feet  in  1884,  was  redredged  to  that 
pth  by  the  removal  of  23,494  cubic  yards  of  mud,  clay,  gravel,  and 
wlders  by  United  States  plant  with  direct  hire  of  labor,  which,  with 
o  stone  groins  constructed  in  1896  to  protect  from  erosion  Shiphouse 
>int,  which  shelters  the  harbor,  completed  the  project  adopted  in  1882 
modified  in  1896  and  1.^97. 

A  cast-iron  mooring  post  was  provided  and  mounted  on  a  crib  in  the 
rbor  for  the  use  of  barges  seeking  the  hai'bor  for  refuge  during  the 
^ter  part  of  the  navigation  season. 
During  the  year  the  expenditure  has  been: 

r  dredging  23,494  cubic  yards,  including  maintenance  of  dredge $2, 539. 22 

r  alteration  and  repair  of  United  States  dredging  plant  (see  report  of 

larbor  at  Great  Sodns  Bay) 650.00 

rone  ca6t*iron  mooring  post  secured  in  place 35.50 

r  pay  of  assistants,  office  expenses,  and  surveys 356.99 

Total 8,581.71 

By  authority  from  the  Chief  of  Engineers  of  June  24, 1898,  this  work, 
;er  the  submission  of  this  report,  is  to  be  dropped  &om  the  works  in 
arge  of  this  office. 

iacketts  Harbor  is  in  the  collection  district  of  Cape  Vincent,  N.  T. 

Money  statement. 

J  1,  1897,  balance  unexpended $3,581.71 

le  30,  1898,  amount  expended  during  fiscal  year .* 3, 581. 71 


Appropriations. 


Date. 


r20, 1826... 
r23,  1828... 
r|Mt2,  1882. 
post  11,  18S8 
[uat  18,  18d4 


Aggngktb. 


$3,000 
6«000 
13,000 
15,000 
20,000 


00  6. 


IMPROVEMENT  OP  HARBOR  AT  CAPE  VINCENT,  NEW  YORK. 

There  has  been  no  change  in  the  status  of  this  improvement  since 
5  Beport  for  1897.    For  the  reason  therein  stated,  page  3286,  the  com- 
ncement  of  the  improvement  awaits  the  farther  action  of  Congress. 
The  expenditures  for  the  year  have  been  : 

r  inspection  and  office  expenses $24.29 

F'or  a  plan  of  the  improvement  and  the  purpose  which  it  will  serve 
i  BeiK)rt  for  1897,  pages  3286  to  3288. 

•ape  Vincent  is  a  port  of  entry. 
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Money  statement. 

Jnly  1, 1897,  balftnoe  nnezpended $24,777.00 

Jniie30,  IS&Sf  amount  expended  daring  fiscal  year 24.29 

July  1, 1898,  balance  unexpended 24,752.71 

{Amount  (estimated)  required  for  completion  of  existinfr  project 2H5, 000.  CD 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900    75, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  S  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


COMMBRCIAX  STATISTICS. 


Class  of  goods. 

Poles  Snd  railroad  tiea 

Grain..... 

Hay 

Lumber. 

Coal 

PodU  and  wood 

Tons. 


480 
003 
510 
088 
240 
1,073 


Class  of  goods. 


Fish 

Shingloa 

Iron 

General  merchandise 


Total 


Tooa. 


9» 

601 

S 

1,051 


6,88S 


Decrease  since  last  year,  4.048  tons.    Number  of  passengers  carried,  18,641. 

Statement  of  vesseU  at  Cape  Vincent,  N,  T.,  far  the  year  ending  December  St,  1897. 

ARRIVALS. 


Trade  engaged  in. 


Home. . . 
Foreign. 


Totol 


American  owned 
Canadian  owned . 


Steamers. 


Namber. 


101 
450 


Registered 
tonnage. 


10,587 
57,896 


on 


08,485 


182 
429 


12,082 
56,783 


Sailing  vessels. 


Number. 


20 


53 


84 
10 


Registered 
tonnage. 


1,758 
1.134 


2,892 


1,010 
1,282 


Kunber. 


5 

U 


Registerei 
tonnage. 


1,711 
2.889 


16 


4,4M 


10 

6 


2.881 
1.W 


Total  arrivals,  680;  registered  tonnage,  75,76L 

DEPARTURES. 


Home..  ••..•....•••...••.... ...... 

166 
444 

10,960 
57.414 

81 
22 

1.682 
1,210 

10 

6 

2.888 
1,4U 

Foreil^l.-^*•T*.•••• ......  ...•>••■.. 

Total 

610 

68,874 

53 

2,882 

16 

4.4M 

Total  departoree.  079;  registered  tonnage,  75,670. 

Greatest  draft  of  vessel fbet..      IS 

Greatest  toniuige of  vessel registered  tonnage..  1,550 

Greatest  load  cur  vessel net  tons..     43l 


OO7. 

IMPROVEMENT  OF  SHOALS  BETWEEN  SISTER  ISLANDS  AND  CROSSOVER 
LIGHT,  AND  BETWEEN  OGDENSBURG  AND  THE  FOOT  OF  LAKE  ONTA- 
RIO, ST.  LAWRENCE  RIVER.  NEW  YORK. 

The  present  project  for  this  improvement,  as  adopted  in  1890  and 
increased  in  1896  and  1897,  is  to  remove  to  the  depth  of  18  feet  below 
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e  zero  of  the  Oswego  gauge  twelve  shoals  of  rock  in  or  near  the  track 
vessels  between  Sister  Islands  light  and  the  head  of  Brockville  Nar- 
ws,  a  distance  of  11  miles.  Their  location  is  shown  on  the  sheet  that 
^es  page  3292  of  the  Beport  for  1897.    Seven  of  these  shoals,  D,  E,  F, 

H,  Jy  and  L  {see  page  3290,  Keport  for  1897,  and  sheet  above  men- 
•ned),  were,  prior  to  this  fiscal  year,  excavated  to  the  depth  of  16^  feet 
low  the  zero  of  the  Oswego  gauge,  but  for  the  reasons  fully  stated  in 
B  Keport  for  1897  (p.  3291),  the  Chief  of  Engineers,  April  13,  1897, 
thorized  the  removal  of  Dark  Island  Shoal  (K)  and  Blind  Bay  Shoal 
)  to  a  depth  greater  by  1.4  feet — i.  e.,  to  18  teet  below  the  zero  of  the 
wego  gauge.  He  further  authorized  an  estimate  of  the  cost  of 
Doviiig  all  the  twelve  shoals  to  that  increased  depth — ^18  feet  below 
3  zero  of  the  Oswego  gauge — with  a  statement  of  the  necessity  for 
sh  increased  depth,  to  l^  submitted  in  the  Annual  Bei)ort  for  his  con- 
ieration  in  connection  with  section  4  of  the  river  and  harbor  act  of 
ne  6, 1896.  Such  statement  of  the  necessity  for  that  increase  in 
pth  will  be  found  on  the  page  above  cited  (3291),  Beport  for  1897. 
During  the  fiscal  year  Dark  Island  Shoal  (K)  and  Blind  Bay  Shoal 
)  have  been  wholly  removed  to  the  latter  depth  by  the  excavation  of 
1:12  cubic  yards  from  the  former  and  150  cubic  yards  from  the  latter; 
bal,  3,562  cubic  yards.    This  excavation  was  made  by  Mr.  W.  J.  Daly^ 

Ogdensburg,  N.  Y.,  under  written  proposal  and  written  acceptance, 
$7.25  per  cubic  yard,  Mr.  Daly's  proposal  of  $7.50  per  cubic  yard  in 
sponse  to  thirty  days'  advertisement  having  been  rejected. 
En  February  and  March,  1898,  Shoals  D,  E,  F,  H,  and  J  were  surveyed 
^m  the  ice  by  Assistant  Engineer  John  O.  Ohurchill,  jr.  A,  O,  and  L, 
th  the  spur  near  it,  could  not  be  so  surveyed,  as  the  ice  did  not  form 
ar  them.  To  complete  the  project,  6,523  cubic  yards  of  rock  remain 
be  excavated,  as  follows: 

Cuhio  yardi  to  he  excavated, 

dge  A 8,350 

B 686 

C 120 

D 102 

E 98 

F :..  60 

H 33 

J 100 

L 250 

M 1,724 

Total 6,523 

The  expenditures  during  the  year  have  been : 

r  ezcayftting  3,562  cable  yards  of  rock  (less  $87.92  deducted  for  pay  of 

nspector) $25,736.58 

r  pay  of  assistant,  surveys,  office  expenses,  printing,  and  advertising.  926. 35 

Total 26,662.93 

rhese  ledges  are  in  the  track  of  vessels  which  carry  nearly  the  entire 

mmerce  of  the  St  Lawrence  Biver,  amounting  to  about  1,200,000  tons 

nually,  three-fourths  of  which,  it  is  estimated,  are  carried  in  American 

ssels. 

Fhe  estimated  cost  of  completing  the  removal  of  all  these  ledges  to 

b  depth  of  18  feet  below  the  zero  of  the  Oswego  gauge  is  $60,000. 
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Money  statement 

July  1, 1897,  bftlftnce  unexpended $26,9U.2S 

Jane  30,  1898,  amoant  expended  daring  fiscal  year 26,666.73 

Jnly  1, 1898,  balance  unexpended 247.50 

(Amount  (estimated)  required  for  completion  of  existing  project 60, 000.00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900    60,000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acta  of  1866  and  1867  aud  of  sundry  civil  act  of  June  4,  18^. 


Appropriation$, 


Date. 


Act  of— 

September  19,  1890 

July  13,  1892 

AoKUStlS,  1894.... 
Junes,  1896 


Amount. 


$5,000.00 

10, 000. 00 

8,000.00 

25,000.00 


AggTegito> 


$5,O0Q.« 

i5.ooa« 

23,000.« 
M,  000.00 


0  0  8. 

IMPROVEMENT  OF  HARBOR  AT  OGDENSBURG,  NEW  YORK. 

The  project  for  this  improvement,  adopted  in  1890  and  modified  in 
1897,  is,  by  dredging,  to  deepen  to  15  feet  below  the  zero  of  the  Oswego 
gauge  the  channel,  1§  miles  in  length,  along  the  front  of  Ogdeiisbnrg, 
on  the  St.  Lawrence  and  Oawegatcbie  rivers,  and  the  entrance  channel 
to  the  Oswegatchie;  and  to  16  feet  tbe  two  lower  entrance  channels 
from  the  St.  Lawrence.  During  the  fiscal  year,  under  contract  with 
Mr.  W.  J.  Daly,  of  Ogdensburg,  N.  Y.,  made  April  16  and  approved 
May  1, 1897, 107,621  cubic  yards  of  sand,  silt,  aud  mud,  with  some  hard- 
pan  and  bowlders,  were  dredged  to  October  8,  1897,  when  the  contract 
was  completed.  Under  this  contract  the  depth  prescribed  in  tbe 
project  was  obtained  in  the  three  entrance  channels  and  along  1,100 
feet  of  the  wharfage  front. 

The  -channel,  900  feet  in  length,  next  above  Franklin  street,  is  used 
only  for  occasional  communication  between  the  Oswegatchie  and  the 
lower  harbor  by  boats  of  lighter  draft,  and  is  continually  shoaling 
from  discharge  by  sewers.  The  depth  requisite  there  is  not  more  i  ban 
14  feet. 

This  requirement  as  to  depth  is  here  presented  by  authority  from  the 
Chief  of  Engineers  of  February  27, 1897. 

The  expenditures  for  the  year  have  been : 

For  dredging $16,402.89 

For  pay  of  assistant  and  inspector,  surveys,  and  office  expenses 1, 560.  ^ 

Total 17,963.fl 

Ogdensburg  is  in  the  collection  district  of  Oswegatchie,  N.  Y. 

Money  statement 

July  1, 1897,  balance  nuexpended $18,112.16 

JiiueSO,  1898,  amount  expended  during  fiscal  year 17,963.34 

July  1, 1898,  balance  unexpended 148.82 

'  Amount  (estimated)  required  for  completion  of  existing  project 37, 944.  jjjj 

Amountthat  can  be  profitably  expended  in  fiscal  year  endiu.!^  June 30, 1900    24, 000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  riyer  and 
liArbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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ApproprioHons  and  allotment9» 


Date. 


August  aO,  1852 

llaToli2,1807 

July  11, 1870 

:h£axoh  3, 1871 

June  10, 1872 

March  3, 1873 

Jane  23,  1874 

March  3,1875  

December  11, 1877  (fh>in  ap- 
propriation for  "repairs 
of  narboni  on  northern 

lakea") 

September  10,  1879  (from 
appropriation  for  '*ezam- 
inationa,  surveys,  and 
oontingeneles  of  rivers 
and  harbors") 


Amount.  Aggregate. 


$3,000.00 

40,000.00 

15,000.00 

25,000.00 

10,000.00 

6,000.00 

6,000.00 

5,000.00 


6.56 


800.00 


$8,000.00 
43,000.00 
68,000.00 
83,000.00 
08,000.00 
09,000.00 
106,000.  UO 
110,000.00 


110,005.66 


110,805.56 


Date. 


Jnly  28, 1880  (from  appro- 
priation for  ''examina- 
tions, surveys,  and  con- 
tingencies ox  rivers  and 
harbors") 

August  2, 1882 

July  5, 1884 

August  6. 1886 

August  II,  1888 

September  10, 189u 

July  13, 1882 

August  18, 1894 

June  3, 1896 


Amount.  I  Aggregate. 


$50.00 
10,  OUO.  00 
15, 000. 00 
10, 000. 00 
15, 000. 00 
42. 000. 00 
40, 000. 00 
20. 000. 00 
20, 000. 00 


$110, 
12  . 
135. 
145. 
160. 
202. 
242, 
262, 
282, 


355  56 
355  56 
355.  56 
355.56 
355. 5H 
355.56 
355.56 
355  56 
355. 56 


COMMERCIAL  STATISTICS. 


Class  of  goods. 


Grain 

Coal 

Lumber 

Nickel  matte. 

Laih 

Shingles 

Hides 

Iron 

Bawsilk 


Net  tons. 


412,883 

162.929 

162,218 

12,334 

8,847 

6,059 

873 

2,271 

675 

Class  of  goods. 


Wood  pulp 

Hav 

Pofes  and  railroad  ties. 

Fertilizers 

Posts  and  wood 

Oil 

General  merchandise.. 


Total 


Net  tons. 


470 

403 

2.37 

159 

84 

74 

95, 519 


866, 035 


Decrease  since  last  year  20,403  tons ;  passengers  carried,  60,050. 

Total  duties  collected 

Total  fees  collected 

Valneof  importe 

Value  of  exports 

Value  of  merchandise  entered  for  warehouse  and  transshipped  in  bond. 

Value  of  merchandise  entered  for  transshipment  and  export 

Amount  of  duties  on  above 

Value  of  merchandise  entered  for  immediate  transportation  without 

appraiseuient  (5,269  packages) 

Bstimated  duty  on  above 


$75, 870. 86 

314. 30 

5, 984, 439. 00 

4, 860, 755. 00 

24, 936. 00 

214, 709. 00 

47, 469. 59 

405, 921. 00 
2, 197. 13 


Merchandise  received  under  coneular  seal  from  foreign  ports,  1897, 


Class  of  goods. 


Matting 

Silkgo.>ds 

TvH 

Chinese  groceries 

Straw  braid 

Curios 

Wool 

Matte 

MisoeUaneooa  ... 


Packages. 


Number. 

20,659 
1,375 

27,775 
8,598 
3,076 
3,674 
2,473 

11,888 

10,136 


Value. 


$77,092.00 
923, 477. 00 
273,959.00 
20, 870. 00 
139.671.00 
207,048.00 
133,257.00 
225, 418. 00 
834,200.00 
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Slaftmmi  ofve$$eU  at  Ogdmuhurg  Harbor,  New  York,  during  the  fear  ending  DeeemJber 

SI,  1897. 

ABBIYALS. 


Steemen. 

Sailing  Teaaela. 

Barges. 

Trade  engaged  in. 

Number. 

Regiateied 
tonnage. 

Nomber. 

Reglatered 
tonnage. 

Nnmber. 

Regiatered 
tonnage 

784 
617 

834,866 

63,134 

56 

14 

27,244 
4,294 

62 
405 

14. 8S 

^Porsim.................  •••...•••• 

143,973 

Total    ......    .,r      --T,--T--TT-- 

1,401 

807.979 

70 

81,638 

467 

168, 7M 

^nMiri<san  ownod. ......••.>>>*>>■> 

1,048 
363 

377,875 
20,104 

68 

7 

29,655 
1,883 

152 
816 

45.26D 

CAnAflian  owned. ....... >•■•••>••• 

118,538 

Total  arrivals,  1,938;  registered  tonnage,  688,816. 

DBPASTUBXS. 


Aome..........  •••••••..  «.••■«•••. 

818 
584 

838,854 

56,750 

66 

8 

80,449 
2,040 

208 
256 

70,  Ml 

iroraiini  ..........>.........•■•.■• . 

8s.cn 

Total 

1,897 

895,604 

78 

82,480 

450 

156,  Ml 

Total  departnxes,  1,929;  registered  tonnage,  584,706. 

Greatest  draft  of  vessel fset..      11 

Greatest  tonnase  of  vessel registered  tonnage..  1,565 

Gxeatest  load  or  vessel net  tons..  %9K 


I 


i    !■ 


I* 


u         I 


1 
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EXAMINATION  OP  RESERVOIR  SITES  IN  WYOMING  AND  COLORADO. 


REPORT  OF  LIEUT.  COL.  HIRAM  M.  CHITTE2WEK,  U.  8.  VOLUNTEERS, 

CAPTAIN,  CORPS  OF  ENGINEERS. 


(Printed  In  Home  Doo.  No.  141,  Fifty-flfUi  Oongr— ,  second  Muion.] 

i«etter  of  the  oheef  of  engineers. 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washingtonj  D.  0.,  December  6j  1897. 

Sir:  The  river  and  harbor  act  of  Jane  3, 1896,  provides  in  section  8 
for  a  number  of  preliminary  examinations,  among  which  is  the  following : 

For  the  examination  of  sites,  and  report  upon  the  practioability  and  desirability 
of  constructing  reservoirs  and  other  hydranfio  works  necessary  for  the  storage  and 
utilization  of  water,  to  prevent  floods  and  overflows,  erosion  of  river  banks  and 
breaks  of  levees,  and  to  reenforce  the  flow  of  streams  during  drought  and  low-water 
seasons,  at  least  one  site  each  in  the  States  of  Wyoming  and  Colorado. 

The  examination  thus  provided  for  has  been  made  by  Oapt.  Hiram 
M.  Chittenden,  Corps  of  Engineers,  and  I  have  now  the  honor  to  submit 
that  officer's  report  of  November  6,  1897,  on  the  subject  Captain 
Chittenden  entered  upon  this  duty  with  zeal  and  with  more  than  ordi- 
nary personal  interest,  and  his  very  admirable  report  shows  deep 
research  and  a  close  study  of  the  subject  in  hand,  involving  the  exami- 
nation of  a  vast  amount  of  data  and  of  territory  of  wide  extent.  This 
paper  is  accompanied  by  13  maps  and  diagrams  and  26  photographs, 
and  in  view  of  the  importance  of  the  subject  under  consideration  and 
the  interest  manifest  by  those  to  be  most  deeply  affected  by  the 
establishment  of  these  reservoirs,  if  constructed,  I  beg  to  recommend 
that  all  the  accompanying  papers  be  printed. 

Captain  Chittenden^s  report  was  transmitted  to  this  office  by  Lieut. 
CoL  Amos  Btickneyi  Corps  of  Engineers,  who  has  had  large  experience 
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in  connection  with  Wentern  rivers,  and  attention  is  invited  to  his  remarks 
touching  the  construction  of  these  reservoirs. 
Very  respectfully^  your  obedient  servant, 

John  M.  Wilson, 
Brig,  Oen.y  Chief  of  Engineers^ 
Hon.  B.  A.  Aloeb,  If.  8,  Army, 

Secretary  of  War. 


LETTER  OF  LIEUT.   COL.  AMOS  STIOKNEY,  CORPS  OF  ENOINEEES. 

St.  Louis,  Mo.,  November  13, 1897. 

General:  I  have  the  honor  to  submit  the  following  report  upon  the 
examination  of  reservoir  sites  in  Wyoming  and  Colorado,  directed  by 
act  of  Congress  of  June  3, 1896,  and  assigned  to  my  charge  by  letter 
from  your  office  of  August  1, 1896,  with  the  view  of  having  it  carried 
out  by  Capt.  H.  M.  Chittenden,  Corps  of  Engineers  : 

In  conformity  with  the  above  Captain  Chittenden  was  directed  to 
make  the  examinations,  and  he  has  performed  the  duty  as  thoroughly 
as  possible  with  the  funds  allotted  for  the  purpose,  viz,  (5,000  from  the 
contingent  appropriation.  He  has  made  many  personal  examinations, 
and  collected  a  large  amount  of  valnable  data  from  surveys  and  various 
sources. 

.His  report,  transmitted  herewith,  gives  much  information  upon.tiie 
subject  investigated,  and  it  is  hoped  furnishes  the  information  con- 
templated by  the  act  of  Congress  and  instructions  from  your  office.  1 
concur  generally  in  the  conclusions  reached  by  Captain  Chittenden 
from  the  study  and  data  set  forth  in  his  report.  There  are  a  few  points 
to  which  I  would  invite  attention.  In  the  estimates  of  cost  of  work 
some  of  the  units  of  price  may  have  been  taken  too  low,  especially  if 
work  is  contemplated  under  the  laws  and  regulations  governing  hours 
of  labor  and  manner  of  conducting  Government  work.  The  items  for 
contingencies,  in  estimates  based  upon  general  examinations  and  lim- 
ited preliminary  surveys  in  a  rough  country,  should  be  larger  than 
what  might  be  considered  ample  in  localities  where  labor  and  supplies 
can  be  more  quickly  and  easily  obtained,  and  the  work  of  a  character 
and  extent  to  be  closely  estimated.  Captain  Chittenden  believes  his 
estimates  to  be  ample,  and  reference  is  made  to  them  only  as  a  matter 
of  caution. 

Special  attention  is  invited  to  the  conclusions  relating  to  the  pur- 
poses to  be  served  by  the  construction  of  reservoirs.  First  and  far 
above  other  reasons  for  their  construction  is  their  adaptability  and 
value  for  industrial  purposes;  for  irrigation  of  land,  furnishing  power, 
and  for  water  supply  for  cities,  and  in  this  way  adding  greatly  to  tbe 
material  prosperity  and  progress  of  parts  of  the  country  which,  witli- 
out  such  assistance,  would  be  almost  valueless  and  might  remain  almost 
uninhabited.  As  to  their  effect  upon  the  flood  conditions  and  low- water 
navigation  of  the  larger  rivers,  it  may  be  said  to  be  comparatively  small 
and  only  beneficial  to  any  considerable  degree  by  an  enormous  expan- 
sion of  the  system. 

The  question  of  the  propriety  of  the  National  Oovernment  entering 
upon  the  work  of  reservoir  construction  in  the  arid  regions  is  one  of 
public  policy  which,  it  is  believed,  should  be  left  for  the  considerat3on 
of  Congress  upon  the  facts  presented.  The  construction  of  any  one 
reservoir  would  of  course  affect  only  a  limited  region  of  country,  hat 
the  efi'ect  of  a  system  of  reservoirs  built  wherever  the  conditions  were 
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favorable  might  be  far-reacliing,  and  not  only  add  largely  to  the  wel- 
fare of  communities  in  their  immediate  vicinity,  bat  indirectly  affect 
many  others. 

Very  respectfully,  your  obedient  servant, 

Amos  Sticknby, 
Lieutenant- Colonel  of  Engineers. 
Brig.  Gen,  John  M.  Wilson, 

Chief  of  Engineers^  U,  8.  A. 
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Oolonel:  I  have  the  honor  to  submit  herewith  a  report  upon  the 
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I.— PBBLIMINABY  OOBBBSPONDBNOB  AJSB  STATEMENT. 

The  following  correspondence  and  statement  explain  the  origin  and 
scope  of  the  investigations  treated  of  in  this  report: 

Office  of  thb  Chief  of  Enoinkkks, 

Unitbd  States  Armt, 
WoBhingtan,  D.  C,  August  1, 1896, 

Colonel:  The  riyer  and  harbor  act  of  June  8,  1896,  proyides  for  a  prelimintfj 
examination  as  follows : 

"For  the  examination  of  sites  and  report  upon  the  practicability  and  desirability 
of  constructing  reseryoirs  and  other  hydraulic  works  necessary  for  the  storage  vi 
utilization  of  water,  to  prevent  floods  and  oyerflows,  erosion  of  riyer  banss  tai 
breaks  of  leyees,  and  to  reenforce  the  flow  of  streams  during  drought  and  low-wattf 
seasons,  at  least  one  site,  each,  in  the  States  of  Wyoming  and  Colorado." 

In  this  connection  your  attention  is  inyited  to  the  accompanying  copy  of  a  lettfiTt 
dated  the  28th  ultimo,  from  this  office  to  the  Secretary  of  War,  and  to  War  Depart* 
ment  indorsement  thereon. 

The  examination  is  assigned  to  you,  with  a  yiew  to  haying  it  carried  out  by  Cap- 
tain Chittenden  at  such  time  as  his  other  duties  will  permit. 
Very  respectfully,  your  obedient  senrant, 

A.  Mackenzie, 
Acting  Chief  af  Bngindert' 
Lieut.  Col.  Amos  Sticknet, 

Corps  of  Engineers, 

*Not  reprinted.  Printed  in  House  Doc.  No.  141,  Fifty-fifth  Congress,  seooB^ 
session. 
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In  the  letter  firom  the  Ohief  of  Engineers  to  the  Secretary  of  War, 
referred  to  above  occors,  the  following: 

It  appean  practicable  to  allot  $5,000  from  the  appropriation  for  contineencies  of 
rivers  and  harbors  for  the  second  item  (examination  of  reservoir  sites),  and  for  snob 
a  snm  it  is  belieTed  that  a  sufficient  amonnt  of  information  can  be  secured  to  permit 
of  presentinjf  to  Congress  a  report  on  the  subject  which  will  give  at  least  some  of 
the  information  sought.  I  therefore  recommend  that  as  exteusive  an  examination 
of  reservoir  sites  in  W voming  and  Colorado  be  made  as  can  be  done  with  an  expendi- 
ture of  not  to  exceed  $5,000,  and  the  results  of  such  work  be  presented  to  Congress 
as  a  report  on  a  preliminary  examination,  together  with  estimates  of  the  cost  of  such 
surveys  as  wiU  permit  a  full  compliance  with  the  requirements  of  the  act. 

This  recommendation  was  approved  by  the  Secretary  of  War  Jnly 
30,  1896. 

Under  date  of  Angnst  7  the  above  correspondence  was  transmitted 
to  me,  with  a  letter  calling  for  a  project  for  the  expenditure  of  the  allot- 
ment of  $5,000.  On  the  same  date  I  submitted  a  project^  of  which  the 
following  were  the  essential  featores: 

(1)  A  personal  examination  of  eligible  sites  for  reservoirs  in  the  section  in  ques- 
tion, with  such  preliminary  surveys  as  will  give  the  necessary  data  as  to  capacity, 
cost,  watershed,  and  the  extent  of  country  and  nature  of  industries  to  be  benefited 
by  their  construction. 

(2)  The  collection  of  data  firom  all  available  sources  relating  to  reservoirs,  their 
cost,  influence  on  streams  below  them,  utility  in  various  lines,  etc. 

(3)  The  preparation  of  a  map  designed  to  show  the  gener^  surface  features  of  the 
Western  country,  the  location  of  possible  reservoir  sites,  and  all  other  matters  neces- 
sary to  elucidate  the  report. 

This  project  was  transmitted,  with  your  letter  of  August  8,  to  the 
Chief  of  Engineers  and  by  him  approved  on  the  12th  of  the  same 
month. 

OHABAOTEB  OF  WOBK. 

The  item  in  the  river  and  harbor  act  directing  this  investigation  was 
not  clear  as  to  the  character  and  extent  of  the  work  contemplated  by 
it.  In  his  letter  to  the  Secretary  of  War,  from  which  an  extract  is  given 
above,  the  Ohief  of  Engineers  says: 

It  wlU  be  noted  that  while  these  are  ordered  as  preliminary  examinations  (not  dis- 
cretionary), the  definite  and  detaUed  Information  called  for  gives  them  the  character 
of  a  sorvey  rather  than  a  preliminary  examination. 

And  again,  in  the  same  letter,  the  Ohief  of  Engineers  recommends 
^Hhat  as  extensive  an  examination  of  reservoir  sites  in  WyomiDg  and 
Colorado  be  made  as  can  be  done  with  an  expenditure  of  not  to  exceed 
$5,000." 

it  was  accordingly  assumed  that  the  character  of  work  to  be  done 
was  controlled  rather  by  the  amount  of  funds  available  than  by  the 
heading  in  the  river  and  harbor  bill  under  which  the  appropriation 
occurs.  The  project  was  prepared  with  this  view  and  received  the 
approval  of  the  Ohief  of  Engineers,  and  the  work  under  it  has  been 
carried  out  in  accordance  therewith.  It  wiU  be  found  in  the  following 
report  that,  as  to  most  of  the  reservoir  sites  considered,  the  information 
presented  is  sufGiciently  complete  to  obviate  the  necessity  of  further 
surveys  other  than  those  which  naturally  accompany  the  work  of  actual 
construction.  The  data  collected  are  sufficient  in  detail  to  form  a  basis 
for  immediate  appropriation  for  construction  should  the  work,  firom 
other  points  of  view,  be  deemed  worthy  of  Oovernment  adoption.  For 
this  reason  no  estimate  is  submitted  for  further  surveys  of  these  sites. 

There  wereexamined in  all  two  reservoir  systems  in  Colorado  and  three 
in  Wyoming,  while  several  others  have  received  casual  inspection  or 
have  been  brought  to  my  attention  closely  enough  to  indicate  that  they 
in  time  become  meritorious  projects.    In  Wyoming  the  t\i£^^  ^skXas^ 
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are  on  the  Laramie,  Sweetwater,  and  Big  Piney  rivers,  respectiyely,  in 
tlie  soathem,  central,  and  northern  portions  of  the  State.  The  first  two 
were  carefully  surveyed  by  Mr.  F.  B.  Maltby,  United  States  assistant 
engineer,  in  May  and  June  of  the  present  year.  The  Big  Piney  system, 
which  really  comprehends  three  sites,  has  been  surveyed  by  Mr.  Fred 
Bond,  of  Buffalo,  Wyo.  The  Colorado  sites  are  located  one  on  the  South 
Fork  of  the  South  Platte  Biver  and  the  other  near  Loveland,  Colo., 
between  the  Big  Thompson  and  Cache  &  la  Poudre  rivers,  in  what  are 
known  as  the  Boyd  Lakes.  These  sites  were  surveyed  by  Mr.  Maltby 
in  May,  June,  and  July  of  the  present  year.  The  reports  of  Messrs. 
Maltby  and  Bond  are  submitted  herewith.    (Appendixes  A  and  B.) 

In  addition  to  the  field  work  upon  these  several  «sites,  I  have  per- 
sonally given  considerable  attention  to  the  various  locidities  interested 
in  the  work.  In  December^896, 1  attended  the  meetings  of  the  Ameri- 
can Society  of  Irrigation  Engineers  and  of  the  Irrigation  Congress, 
held  respectively  in  the  cities  of  Denver,  Colo.,  and  Phoenix,  Ariz.  I 
also  visited  several  of  the  existing  reservoirs  in  California  and  some  in 
process  of  building.  In  May  of  the  present  year  I  visited  the  South 
Platte  site  in  Colorado  and  the  Laramie  and  Sweetwater  sites  in  Wyo- 
ming. In  August  and  September  I  traveled  through  a  large  section  of 
Wyoming  and  a  small  part  of  northeastern  Colorado  for  the  purpose 
of  learning  as  much  as  possible  about  the  needs  and  fiskcilities  for  the 
storage  of  water  in  these  States.  Wherever  I  have  been  I  have  received 
valuable  assistance  from  various  parties,  particularly  from  the  State 
engineers  of  Colorado  and  Wyoming,  and  am  under  considerable  obli- 
gations therefor.  On  my  Wyoming  trip  I  was  accompanied  by  Pro! 
Elwood  Mead,  State  engineer,  whose  thorough  acquaintance  with  all  the 
features  of  the  subject  I  was  studying  was  of  great  value  to  me. 
Professor  Carpenter,  of  the  Colorado  State  Agricultural  College,  has 
likewise  rendered  vaJuable  assistance,  as  have  Mr.  Horace  A.  Sumner, 
ex-State  engineer  of  Colorado;  Mr.  J.  u.  Schuyler,  of  Los  Angeles,  CaL, 
and  Mr.  F.  H.  Newell,  of  the  United  States  Geological  Survey. 

Besides  Messrs.  Maltby,  Seddon,  and  Bond,  elsewhere  mentioned,  the 
employees  who  have  been  mainly  instrumental  in  helping  to  prepare 
this  report  are  Messrs.  A.  H.  Blaisdell,  B.  D.  Williams,  and  S.  F.  Orece- 
lius,  assistant  engineers;  Messrs.  Y.  Schindler,  E.  Kuhl,  and  J.  F. 
Deppe,  draftsmen ;  Mr.  W.  L.  Lohmann,  clerk;  and  Mrs.  Laura  S.  Green, 
copyist. 

As  my  investigations  have  proceeded  it  has  become  evident  that,  as 
to  a  portion  at  least  of  the  objects  mentioned  in  the  bill,  the  project  of 
building  reservoirs  in  the  arid  regions  of  this  country  is  a  practicable 
one^  while  from  industrial  and  commercial  considerations  it  is  eminentif 
desirable.  The  real  matter  in  doubt  seemed  to  be  not  so  much  die 
importance  of  these  works  in  themselves  as  the  advisability  of  their 
construction  by  the  General  Government.  To  this  feature  of  the  ques- 
tion I  have  given  most  careful  consideration,  with  the  earnest  desire  to 
present  it  in  all  its  bearings,  favorable  as  well  as  unfavorable.  It  is  a 
new  departure,  and  while  the  works  themselves  will  be  of  great  public 
utility,  it  may  yet  not  be  apparent  that  the  Federal  Government  is  tbe 
proper  agency  to  undertake  them.  If  my  investigations  have  resulted 
more  favorably  than  might  have  been  exi>ected  to  the  policy  of  Govern- 
ment patronage  of  these  great  works,  I  trust  that  I  have  at  every  step 
supported  my  conclusions  with  substantial  facts. 

The  report  embraces — 

(1)  Some  remarks  upon  the  varieties  of  reservoir  sites  to  be  fouad  in 
the  arid  regions  and  upon  the  various  methods  of  dam  constraotioB 
practiced  there. 
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(2)  A  description  of  the  several  sites  examined  and  of  the  works  pro- 
posed, together  with  special  reports  by  the  assistants  who  execated  the 
work. 

(3)  A  general  discussion  of  the  subject  of  reservoirs,  with  illustra- 
tions drawn  firom  natural  and  artificial  systems  in  various  parts  of  the 
world. 

(4)  The  influence  of  reservoirs  upon  floods,  with  an  exhaustive  mono- 
^aph  upon  the  floods  of  the  Mississippi  Biver  and  its  tributaries,  by 
Mr.  James  A.  Seddon,  United  States  assistant  engineer. 

(5)  The  uses  of  reservoirs  for  irrigation  and  other  industrial  purx)08es. 

(6)  The  proper  agency  to  construct  reservoirs  in  the  arid  regions — 
private  individuals,  corporations,  irrigation  districts,  the  States,  or  the 
General  Oovemment. 

(7)  The  magnitude  and  ultimate  cost  of  a  complete  storage  system 
for  the  streams  of  the  arid  regions. 

(8)  A  condensed  r6sum6  of  the  whole  subject. 

n.— GENERAL  REBCARKS  ON  RESERVOIR  SITES  IN  THE  ARID  REGIONS. 

The  several  reservoir  sites  considered  in  this  report  present  all  the 
varieties  which  are  liable  to  be  met  with  anywhere  in  the  West.  These 
may  be  grouped  under  three  heads:  (1)  Open  valleys  on  the  courses  of 
streams,  (2)  natural  lakes,  and  (3)  natural  depressions  without  outlets. 

Beservoir  sites  of  the  first  class  occur  in  greater  numbers  than  either 
of  the  others.  They  may  be  found  in  greater  or  less  perfection  upon 
almost  every  stream,  and  in  some  instances  present  admirable  opportu- 
nities for  the  inexx>ensive  storage  of  water.  Ordinarily  they  are  simple 
expansions  of  the  immediate  valleys  of  streams,  giving  considerable 
areas  but  slightly  elevated  above  the  water  surface.  Nearly  always  in 
such  places  the  streams  have  gentler  slopes  than  either  above  or  below, 
often  passing  from  a  torrentitJ  to  a  placid  condition,  only  to  return  to 
their  impetuous  course  as  soon  as  the  open  valleys  are  passed.  These 
expanded  tracts  are  generally  closed  in  at  the  lower  ends  by  bluffs  of 
considerable  height,  and  frequently  by  precipitous  hills,  between  which 
the  streams  flow  in  rocky  chasms.  In  these  narrow  gorges  are  found 
the  best  sites  for  cutting  off  the  flow  of  the  streams  and  storing  it  in 
the  open  valleys  above. 

It  will  at  once  be  seen  that  the  most  favorable  site  of  this  class,  so 
far  as  capacity  for  storage  is  concerned,  will  be  that  which  combines  a 
broad  open  valley,  a  gentle  slope  to  the  stream,  and  a  very  narrow  out- 
let, where  an  inexpensive  dam  of  moderate  height  will  give  the  required 
capacity.  In  the  Sweetwater  site,  presently  to  be  described,  is  one  of 
the  most  perfect  examples  to  be  found  in  nature. 

Keservoirs  of  large  area  have  one  drawback  as  compared  with  those 
of  less  area  and  the  same  capacity,  and  that  is  the  greater  loss  by 
evaporation.  But  this  drawback  is  more  than  compensated  by  the 
greater  cheapness  of  storage.  In  fact,  to  secure  large  capacity  in  con- 
fined sites  requires  such  high  and  massive  structures  as  to  be  almost 
prohibited  by  the  cost.  The  relative  advantages  of  the  two  can  readily 
be  seen  by  comparing  the  statistics  of  the  Sweetwater  and  South 
Platte  sites,  described  below.  Besides  the  two  sites  just  mentioned, 
the  Piney  site  in  Wyoming  falls  under  this  class. 

Beservoirs  of  the  second  class,  viz,  natural  lakes,  though  of  less 
frequent  occurrence  than  those  just  described,  are  the  most  advan- 
tageous sites  for  the  storage  of  water  that  can  be  found.  In  the  case 
of  the  open  vidley  site,  the  storage  gained  for  a  considerable  height  of 
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dam  above  the  datam  (taken  at  low-water  anrfiu^e  of  stream  at  site  of 
dam)  is  very  small.  Often  the  first  30  or  40  feet  give  comparatively 
insignificant  results,  although  this  part  of  the  structure  must  be  the 
most  thorough  and  expensive  of  all.  The  site  on  the  South  Platte 
illustrates  this  drawback.  In  the  case  of  a  natural  lake,  on  the  other 
hand,  every  foot  which  the  dam  rises  above  the  datum  (the  lake  sur- 
face, if  the  dam  is  at  the  outlet)  gives  a  storage  computed  upon  the 
entire  area  of  the  lake.  To  cite  a  prominent  example,  a  rise  of  1  foot 
iu  the  surface  of  the  Yellowstone  Lake,  whose  area  is  139  square  miles, 
would  represent  nearly  4,000,000,000  cubic  feet  (92,000  acre-feet)  of 
water.  Another  great  advantage  of  such  a  site  is  that  evaporation 
from  the  reservoir  will  not  be  much  greater  than  that  from  the  lake  in 
its  natural  condition,  and  the  computed  flow  of  the  stream  may,  there- 
fore, all  be  coanted  in  storage.  The  lake  site  is  also  free  firom  the 
objection  to  the  open  valley  sites  which  arises  from  periodical  drainage 
of  the  reservoir;  for  even  if  the  storage  water  be  entirely  drawn  out, 
the  natural  lake  is  still  there,  and  the  unsightly  spectacle  and  i)08sible 
unhealthiness  of  an  empty  reservoir  are  avoided.  This  drawback  to 
open  valley  sites,  however,  can  in  some  degree  be  obviated  by  giving 
the  reservoir  a  capacity  considerably  in  excess  of  the  actual  ne^s  for 
storage.  It  will  not  then  be  necessary  to  drain  the  reservoir  entirely, 
and  it  will  acquire  the  character  of  a  permanent  body  of  water. 

The  largest  artificial  reservoirs  in  the  world,  and  the  most  inexpen- 
sive storage,  are  found  in  these  lakes  where  the  natural  surface  has 
been  raised  by  low  dams  at  the  outlets.  The  principal  examples  are 
those  on  the  Volga  and  Msta  rivers  in  Bussia  and  on  the  head  waters 
of  the  Mississippi  in  the  United  States. 

The  third  class  of  reservoir  sites  consists  of  natural  depressions  io 
the  general  surface  of  the  country,  into  which  the  water  of  neighboriug 
streams  can  be  conveyed  through  artificial  canals.  The  occurrence  of 
these  depressions  is  quite  common  throughout  the  arid  regions,  proba- 
bly more  so  than  is  generally  supposed.  Hitherto  there  have  oeen  no 
special  reasons  for  noting  their  existence;  but  now  that  they  are  seen 
to  have  an  important  economic  value,  their  actual  number  will  doubt 
less  be  found  to  be  very  great. '  They  will  form  an  important  element 
in  the  future  storage  system  of  the  Western  streams,  and  their  great 
number  and  general  distribution  must  be  considered  a  most  fortunate 
provision  of  nature. 

Of  the  caujses  that  have  produced  these  singular  formations  it  is  not 
essential  to  the  purposes  of  this  report  to  speak.  It  is  sufBcient  to 
know  that  in  the  considerable  number  of  examples  already  made  use  of 
in  the  storage  of  water  they  have  proven  to  be  the  most  compact  and 
impervious  of  dams.*  In  the  matter  of  safety,  all  possibility  of  breakage 
is  removed,  for  the  thickness  of  the  rim  is  so  great  as  to  make  an  abso- 
lutely immovable  resistance  to  the  body  of  water  behind  it. 

These  depressions,  or  basins,  as  they  are  commonly  called,  are  io 
some  cases  entirely  dry,  and  in  others  occux)ied  by  lakes,  the  watershed 
of  the  basin  being  insufficient  to  fill  them  to  overflowing.    The  great 

*Ab  an  interesting  example,  we  may  cite  a  reseryoir  of  the  Wyoming  DeTolop- 
ment  Company,  near  Wheatland.  Wye;  area,  384  aoree;  depth,  40  feet.  When  tfl« 
reservoir  was  first  filled,  the  innow  was  shat  off  and  it  was  allowed  to  stand  fori 
period  of  thirty-eiffht  days.  In  that  time  it  feU  14  inches.  As  this  was  in  midsniB* 
mer,  at  least  10  indes  of  the  loss  was  due  to  evaporation,  and  possibly  more.  Dur- 
ing this  time  work  on  the  outlet  tunnel  was  going  on  and  the  cut  extended  to  withis 
20  feet  of  the  water's  edge.  The  ground  iB  the  eut  was  perfectly  dry,  Bhowin|[  ** 
signs  of  infiltration  firom  the  reservoir. 
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Laramie  basin,  one  of  the  Wyoming  sites,  is  practically  dry,  there  being 
only  two  or  three  small  ponds  in  the  bottom.  The  Lake  De  Smet  site, 
in  Wyoming,  and  the  Loveland  site,  in  Oolorado,  are  examples  of  natural 
depressions  partly  filled  with  water. 

The  great  drawbacks  to  this  class  of  reservoirs  are  the  difficulty  and 
expense  of  getting  water  into  and  out  of  them.  To  be  effective,  a  reser- 
voir must  store  the  flood  waters  of  a  stream,  for  it  is  in  periods  of  flood 
that  the  great  waste  of  streams  in  their  natural  state  occurs.  Unless 
this  waste  can  be  prevented  the  reservoir  does  not  accomplish  its 
purpose.  Beservoirs  of  the  first  and  second  classes,  lying  directly  in 
the  valleys  of  streams,  absolutely  cut  off  all  flow  until  they  are  full. 
But  with  reservoirs  of  the  class  now  under  consideration,  their  ability 
to  conserve  the  flood  flow  is  limited  to  the  capacity  of  the  feeders  or 
inlet  canals.  Of  necessity  these  must  be  capable  of  carrying  the  flood 
discharge  of  the  stream  or  a  large  amount  of  storage  is  sure  to  be  lost. 
The  cross  section  of  the  feeder  will  therefore  be  out  of  all  proportion 
in  size  to  the  mean  quantity  of  water  conveyed  through  it,  and  will 
necessarily  be  an  expensive  feature  of  the  project. 

The  outlet,  likewise,  will  generally  cost  more  than  in  ordinary  reser- 
voirs. The  tunnel  or  cut  required  to  carry  the  water  through  the  rim 
of  the  reservoir  will  almost  invariably  be  of  much  greater  length  than 
a  reservoir  of  either  of  the  other  classes  would  require,  and  will  be  cor- 
respondingly more  costly. 

It  will  thus  result  in  the  average  case  that,  notwithstanding  the 
absence  of  artificial  dams,  reservoirs  of  this  class  will  be  rather  expen- 
sive. The  cost  per  acre-foot  of  water  stored  will  probably  fall  below 
that  of  the  open  valley  sites,  but  will  be  greater  than  that  of  the  lake 
sites. 

One  feature  of  great  importance  pertaining  to  these  basins  is  the  fact 
that  they  occur  most  frequently  below  the  mountains,' either  among  the 
foothills  or  out  upon  the  plains.  They  are  thus  well  designed  to  supple- 
ment the  reservoirs  located  higher  on  the  streams,  and  to  aid  in  collect- 
ing the  storm  waters  and  sudden  freshets  which  so  frequently  occur  in 
the  foothills. 

The  only  condition  of  serious  importance  pertaining  to  reservoir  con- 
struction in  the  Western  country,  not  exemplified  in  some  of  the  sites 
chosen,  is  the  rapid  deposition  of  sediment  characteristic  of  some  of  the 
streams.  There  are  many  streams,  for  example,  in  the  southern  section 
of  the  country,  as  on  the  Oila  Eiver,  where  the  amount  of  material 
carried  in  flood  is  so  great  that  it  would  rapidly  destroy  the  largest  of 
artificial  reservoirs,  unless  some  method  were  devised  to  get  rid  of  it. 
Fortunately  none  of  the  sites  here  considered  is  liable  to  tMs  difbculty. 
The  South  Fork  of  the  South  Platte  Biver,  at  the  site  of  the  dam, 
affords  no  evidence  of  carrying  a  very  large  amount  of  sediment.  I 
saw  the  Laramie  Biver  at  high  water,  near  the  point  where  it  is  pro- 
posed to  take  its  waters  for  storage.  It  was  comparatively  clear,  and 
certainly  carried  no  amount  of  sediment  that  could  seriously  affect  the 
capacity  of  a  large  reservoir.  Piney  Greek  is  a  crystal  mountain  stream, 
and  I  doubt  if  in  highest  stages  its  waters  are  laden  with  much  sedi- 
ment. The  Sweetwater  Biver  seemed  to  me  the  only  one  which  need 
cause  any  concern  on  this  account.  That  stream  evidently  washes 
down  considerable  sand,  but  sand  is  too  heavy  a  material  to  be  carried 
&r  in  suspension,  except  by  a  strong  current.  It  would  be  almost  aU 
of  it  dex>08ited  immediately  upon  the  entrance  of  the  stream  to  still- 
water  and  would  not  spread  itself  over  the  general  area  of  the  reser- 
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rolr.  If  tbe  accnmalation  should  be  foand  injnrions,  or  liable  serionsl^ 
to  encroach  npon  the  capacity  of  the  reservoir,  it  wonld  not  be  a  diffi- 
cult or  expensive  matter  to  provide  means  for  washing  it  away. 

There  is  still  another  class  of  reservoirs  of  great  economic  importance, 
which  will  not,  however,  be  considered  in  this  report  These  are  small 
basins  designed  to  coUect  the  waters  from  wind-mill  pumps,  artesian 
wells,  springs,  and  local  storms.  They  are  usually  intended  to  serve 
only  single  farms,  or  portions  of  them,  and  come  more  prox>erly  under 
the  head  of  distributing  works.  They  so  obviously  pertain  exclusively 
to  private  enterprise  that  their  consideration  does  not  properly  fall 
within  the  scope  of  this  report. 

ni.— DAM  CONSTRUCTION. 

The  reservoir  sites  considered  in  this  rei)ort  likewise  present  oppor- 
tunities for  all  the  varieties  of  dam  construction  practiced  in  America, 
excepting  wooden  structures.  These  may  be  broadly  divided  into  three 
gener^  classes,  which,  however,  blend  into  one  another  and  are  subject 
to  a  great  variety  of  modifications — ^masonry  dams,  loose  rock  or  rock- 
fill  dams,  and  earthen  dams. 

Masonry  dams  stand  first  in  iK)pular  favor  as  the  safest  structures  of 
their  kind.  Experience  confirms  this  popular  view,  as  there  have  prob- 
ably been  fewer  failures  of  masonry  dams,  in  proportion  to  the  number 
built,  than  of  either  loose  rock  or  earthen  dams.  While  it  is  certainly 
not  true  that  the  masonry  structure  is  best  suited  to  every  site,  and 
probably  not  true  that  it  is  always  safest,  still  its  appearance  conveys 
to  the  average  mind  an  impression  of  stability  not  possessed  by  any 
other  form  of  dam. 

The  insuperable  obstacle  to  the  very  general  application  of  this  form 
of  structure  is  its  great  cost.  It  is,  therefore,  generally  restricted  to 
narrow  sites,  where  the  quantities  may  be  reduced  to  a  minimum. 

Masonry  dams  are  particularly  well  adapted  to  rock  foundations  and 
to  those  sites  where  it  is  important  that  the  outlet  works  shall  be  car- 
ried through  the  dam  itself.  With  earth  it  is  well-nigh  impossible  to 
secure  such  a  close  contact  with  rock,  wood,  iron,  or  any  other  hard 
materiaJ  that  water,  under  pressure,  will  not  find  a  route  along  the 
joint. 

Masonry  is  not  so  well  adapted  to  soft  foundations  as  other  forms  of 
structure,  which  can  settle  and  follow  up  any  yielding  to  pressure. 
Cribs  filled  with  rock  make  excellent  dams  where  masonry  would  prob- 
ably fail.  If  masonry  is  used  in  such  places,  it  would  have  to  rest  on 
pile  foundations,  and  the  problem  of  cutting  off  the  underflow  would 
have  to  be  considered  separately  from  the  construction  of  the  dam 
proper. 

It  may,  therefore,  be  taken  as  a  rule  that  the  masonry  dam  is  gener- 
ally limited  to  narrow  chasms  through  solid  rock,  for  here  alone  can  the 
conditions  be  found  that  develop  to  the  utmost  the  merits  of  the  dam. 

The  question  as  to  whether  the  axis  of  the  dam  should  be  straight  or 
curved  has  been  much  discussed.  The  main  argument  for  the  curved 
form  is,  of  course,  the  additional  strength  which  the  arch  secures.  It 
is  urged  that,  even  if  the  arch  action  is  not  ordinarily  brought  into  play, 
it  is  a  great  factor  of  safety  against  extraordinary  causes  of  rupture, 
such  as  earthquakes,  for  any  motion  in  the  structure  produced  by  the 
pressure  behind  it  would  tend  to  consolidate  it.  Again,  it  is  usually 
found  that  the  curved  form  lends  itself  better  to  the  accidents  of  the 
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ground  and  is  better  adapted  than  the  straight  form  to  seciire  a  good 
hold  npon  the  walls  of  the  chasm. 

Against  the  coryed  form  it  is  nrged  that  such  a  stmctare  is  not 
adapted  to  develop  the  strength  of  the  arch.  For  this  purpose  there 
mast  be  a  slight  motion  to  the  stmctare;  bat  in  the  dam  this  motion  is 
prevented  by  the  immovable  bond  between  the  base  of  the  dam  and  the 
foundation. 

It  is  also  urged  that  the  argument  of  economy  resulting  from  the 
smaller  amount  of  material  required  in  the  arch  form  than  for  the 
gravity  profile  will  not  hold  good  for  long  dams.  Assuming  the  same 
limit  of  crushing  resistance  that  controls  the  gravity  profile,  the  strains 
produced  in  the  extremities  of  a  long  arch  dam  would  require  a  greater 
cross  section  of  masonry  than  those  in  the  simple  straight  form. 

While  the  latter  argument  is  probably  sound,  the  first  has  been  effectu- 
ally refuted  by  the  results  of  actual  experience.  Not  to  mention  the 
slender  profile  of  the  Zola  Dam  in  France,  it  will  be  enough  to  cite  the 
celebrated  instance  of  the  Bear  Valley  Dam  in  Oalifomia.  The  profile 
of  the  dam  resembles  a  section  of  a  square  column  resting  upon  a  pedes- 
tal, only  that  one  side  of  the  column  is  vertical  and  the  other  slightly 
inclined.  The  section  has  a  breadth  of  8.5  feet  at  the  base  and  only  3  feet 
at  the  top,  48  feet  above  the  base.  The  line  of  resultant  pressure  when 
the  dam  is  fall  falls  outside  the  base,  and  the  stability  of  the  structure 
is  thus  absolutely  dependent  on  the  arched  form.  This  structure  is 
destined  to  an  enviable  distinction  in  the  history  of  engineering  works. 
The  boldness  and  apparent  hazard  involved  in  its  construction  denote 
a  confidence  on  the  part  of  the  man  who  designed  it  in  the  application 
of  mechanical  principles  which  is  not  often  exemplified  even  in  the  engi- 
neering profession.  The  dam  has  been  the  marvel  of  engineers,  who 
have  long  predicted  its  early  failure  only  to  see  their  predictions  fail 
instead.  The  dam  has  now  stood  successfdlly  for  thirteen  years.  It 
has  been  of  immense  service  to  the  engineering  profession  in  that  it  has 
demonstrated  that  the  arch  principle  may  1^  effective  in  dams,  not- 
withstanding the  immovableness  of  the  bottom  of  the  structure.  It  is 
doubtful,  however,  if  the  example  will  be  of  much  importance  in  lead- 
ing to  imitation  in  future  works.  Engineers,  wlule  admitting  the  prac- 
tical value  of  the  arch  form  in  dam  construction,  will  still  be  unwilling 
to  brave  popular  preiudice  against  structures  of  such  apparent  weak- 
ness. The  perils  of  reservoir  accidents  are  so  great  and  appalling  that 
it  is  desirable  to  avoid  even  the  appearance  of  weakness.  Generally, 
therefore,  we  may  expect  that  engineers,  while  using  the  curved  form 
in  order  to  realize  whatever  advantages  it  offers,  will  at  the  same  time 
build  on  the  gravity  profile.  This  double  source  of  stability  ought 
naturally  to  inspire  the  greatest  confidence  in  the  permanence  of  a 
well-built  masonry  dam. 

Either  rock  or  concrete  may  be  used  in  the  construction  of  these 
dams.  The  rock  may  be  coursed  masonry  with  joints  laid  in  mortar 
or  irregular  rubble  with  a  large  percentage  of  concrete.  The  latter 
method  is  probably  best  in  that  it  avoids  regular  joints  through  the 
masonry.    It  is  at  the  same  time  much  less  expensive. 

The  rock-fill  dam,  as  its  name  implies,  consists  in  filling  the  site 
where  it  is  placed  with  loose  rock  in  sufficient  quantity  to  give  the 
necessary  stability  against  pressure  from  the  water  behind  it.  As  the 
rock  is  thrown  in  loose  and  without  other  arrangement  than  that  which 
it  assumes  on  falling  into  place,  the  cost  per  yard  is  very  much  less 
than  that  of  regular  masonry;  so  much  less  that,  after  taking  into 
account  the  greater  quantity  required,  the  structure  is  ordinarily  much 
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less  costly  tban  a  masonry  d$un  in  the  same  place.  Economy  of  expend!- 
tore,  thercuforei  commends  it  wherever  other  conditions  will  x>^mii 
its  use. 

This  form  of  dam  can  be  made  perfectly  safe  for  heights  of  150  feet 
at  least,  provided  care  is  taken  to  provide  an  ample  spillway  entirely 
aronnd  the  dam.  It  is  not  a  safe  structure  if  liable  to  be  overtopi>ed 
by  any  considerable  depth  of  water. 

Various  methods  have  been  resorted  to  to  secure  an  impervious  con- 
dition in  rock-fill  dams.  In  streams  carrying  much  sediment,  the  depo- 
sition among  the  voids  of  the  structure  can  he  counted  on  to  dose  it  up 
Intimately.  But  with  clear  mountain  streams  this  resource  could  not 
be  relied  upon.  A  common  method  is  that  of  facing  the  upper  slope  of 
the  dam  with  a  wooden  sheeting,  desigACd  to  be  water-tight.  The 
Escondido  Dam  in  Oalifornia,  of  which  the  accompanying  cuts  are  illus- 
trations, is  a  good  example.  The  dam  is  76  feet  high,  100  feet  long  on 
the  bottom,  390  feet  long  on  top,  100  feet  thick  at  base,  and  10  feet  thick 
at  top.  The  slope  on  the  upper  face  is  1  on  }:  on  the  upper  half  of 
the  lower  face  it  is  1  on  1,  and  on  the  lower  hair,  1  on  1^.  The  struc- 
ture was  built  of  clean  rock  in  sizes  running  up  to  4  tons  in  weight 
Tiie  quantity  used  was  37.159  cubic  yards.  Of  this  6,000  yards  was 
laid  up  carefully  as  dry  ruoble  on  the  upper  face,  the  thickness  of  this 
rubble  wall  being  5  feet  at  the  top  and  15  feet  at  the  bottom. 

The  soil  was  cleared  from  the  entire  base  of  the  dam  and  the  rock 
placed  directly  thereon.  At  the  upper  toe  a  trench  was  dug  of  vary- 
ing depths  up  to  12  feet  and  filled  with  rubble  masonry  laid  in  Portland- 
cement  mortar.  This  wall  forms  the  connection  between  the  timber 
facing  of  the  dam  and  the  bed  rock. 

The  timber  facing  rests  against  the  rubble  face  of  the  rock  fill.  The 
supporting  timbers  for  the  sheeting  are  6  inches  square  and  are  buried 
4  inches  in  the  rubble  face.  On  these  were  spiked  the  sheeting  plank 
in  two  layers,  the  plank  varying  in  thickness  from  3  inches  at  the  bot- 
tom to  Ij^  inches  at  the  top.  The  2-inch  space  between  this  sheeting 
and  the  rubble  wall  is  filled  with  concrete  to  give  full  bearing  to  the 
sheeting  throughout. 

Under  the  pressureiof  the  water  and  the  natural  action  of  time  the 
dam  has  settled  slightly.  I  am  informed  by  Mr.  E.  F.  Tabor,  engineer 
of  the  work,  that  prior  to  the  high  water  of  the  present  year  the  settle- 
ment in  the  rock  fill  had  been  0.4  foot,  and  that  it  had  settled  an 
additional  0.17  foot  as  a  result  of  the  last  high  water,  which  completely 
filled  the  reservoir. 

The  Escondido  Dam  is  a  fair  type  of  this  class  of  structure.  The 
most  important  variation  from  it  in  other  dams  consists  in  the  method 
of  securing  the  water-tight  surface.  Ooncrete  is  not  a  good  material 
on  account  of  the  certainty  of  its  cracking  with  the  settlement  of  the 
dam.  Asphalt  has  been  used,  and  its  elastic  qualities  would  seem  to 
be  admirably  adapted  to  this  purpose. 

One  of  the  most  radical  schemes  adopted  in  this  connection  is  that 
at  the  Otay  Dam,  near  San  Diego,  Gal.,  now  in  course  of  construction, 
in  which  a  web  of  steel  plate  is  placed  vertically  through  the  axis  of 
the  dam  across  the  entire  gorge  and  from  foundation  to  top.  The  dam 
is  130  feet  high,  with  a  width  of  20  feet  on  top  and  slopes  of  1  on  1  on 
each  face.  The  rock  cost  in  place  about  50  cents  per  yard,  bank  meas- 
ure, and  the  quantity  required  is  about  140,000  yards.  The  steel  web 
consists  of  plates  5  by  17.5  feet  with  a  thickness  of  0.33  inch  for  the  three 
lower  courses  and  0.25  inch  for  those  above.  The  plates  are  carefully 
riveted,  seamed,  and  calked,  and  then  painted  with  hot  asphaltum 
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and  faced  with  burlap,  also  saturated  with  asphaltum.  The  web  is 
fhrther  protected  by  a  facing  of  concrete  on  each  side  1  foot  thick,  which 
spreads  out  to  a  thickness  of  about  6  feet  at  the  bottom.  Apparently 
the  only  question  of  serious  doubt  as  to  the  success  of  this  arrangement 
is  the  effect  which  the  settlement  of  this  great  mass  of  Tock  will  have 
upon  the  steel  plate.  If  it  does  not  seriously  rupture  the  plate,  the 
exi)eriment  ought  to  be  satisfactoiy. 

There  is  one  disadvantage  in  this  location  of  the  impervious  web  or 
diaphragm  in  the  dam.  Only  that  portion  of  the  rock  fill  which  lies 
below  it  is  effective  in  resisting  the  water  pressure,  assuming  that  the 
water  can  percolate  freely  through  the  rock  and  develop  its  full  pressure 
against  the  steel  plate.  It  would  seem  better  to  have  imitated  the 
Escondido  structure  and  have  lined  the  upper  face  of  the  dam  with 
the  steel  plate,  thus  placing  the  entire  mass  of  the  rock  fill  behind  the 
line  of  pressure. 

Another  effective  method  of  making  rock-fill  dams  tight  is  to  face 
them  on  the  upstream  side  with  earth.  In  fact,  this  me&od  combines 
the  rock-fiU  dam  with  the  earthen  structure  presently  to  be  described. 

The  rock-fill  dam  is  thus  seen  to  be  an  economical  structure,  and,  if 
proper  precautions  are  taken  to  prevent  overflow,  a  safe  one.  It  adapts 
itself  more  readily  to  the  great  variety  of  sites  met  with  in  practice 
than  does  the  masonry  dam,  and  will  doubtless  be  much  used  in  future 
works  of  this  character. 

The  third  type  of  dams  here  considered,  the  earthen  dam,  has  prob- 
ably been  used  more  than  all  other  forms  put  together;  particcdarly 
true  is  this  of  smaller  works.  Properly  constructed  and  provided  with 
necessary  safeguards,  it  is  as  permanent  and  enduring  as  any  other 
form  of  dam.  Its  great  drawback  is  the  difficulty  of  making  a  close 
contact  with  hard  materials,  as  with  rock  foundations,  outlet  pipes, 
masonry,  etc. 

Such  dams  are  also  liable  to  injury  from  burrowing  animals,  and 
many  structures  have  been  ruined  from  this  cause,  ^ey,  of  course, 
can  not  withstand  the  flow  of  water  over  the  top  and  will  speedily  tail 
if  such  overflow  takes  place. 

To  offset  these  drawbacks,  the  earthen  dam  is  probably  the  cheapest 
form  of  dam  known,  adapts  itself  best  to  earth  foundations,  can  readily 
be  made  i)erfectly  stable,  and  is  best  suited  to  aU  types  of  sites,  par- 
ticularly to  those  where  long  dams  of  low  profile  are  required. 

With  earthen  as  with  rock-fiU  dams  a  vital  point  is  to  secure  an 
impervious  condition  to  the  dam.  Former  practice,  sanctioned  by  long 
experience,  was  to  make  a  puddle  wall  in  the  center  of  the  dam.  This 
method  is  much  criticised  in  recent  times  because  (1 )  it  places  the  plane 
of  pressure  below  a  considerable  part  of  the  mass  of  the  dam,  which  is 
therefore  assumed  to  add  nothing  to  the  stability  of  the  structure,  and 
(2)  because  the  structure  is  not  homogeneous,  will  therefore  not  settle 
uniformly,  and  wiU  have  a  tendency  to  develop  seams  or  cracks  through 
which  the  water  can  percolate.  Although  these  objections  are  plausible 
and  theoretically  of  some  value,  they  are  in  no  sense  supported  by 
ezx)erience,  andjt  is  doubtful  if  a  single  failure  of  earthen  dams  can  be 
attributed  to  these  causes.  It  would  indeed  be  desirable  to  have  the 
upper  face  of  the  dam  the  impervious  surface,  and  thus  bring  the  whole 
mass  of  the  dam  into  play  in  increasing  its  stability,  but  practically 
this  is  not  so  easily  done  as  to  introduce  a  core  of  impervious  material 
in  the  embankment.  With  due  precautions  no  danger  need  be  incurred 
from  settlement.  If  earth  be  carefully  deposited  on  the  downstream 
side  ci  a  core  of  proper  material  (even  a  concrete  core  resting  on  pile 
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foaT^atioDS)  in  quantity  sufficient  to  give  stability  to  the  dam,  and  if 
earth  be  similarly  placed  above  the  core  in  sufficient  quantity  to  insure 
stability  to  the  core,  regarded  as  a  retaining  wall  against  the  earth 
below  it  when  the  reservoir  is  empty,  and  if  reasonable  precautions 
be  observed  in. the  workmanship,  there  is  no  reason  why  subsequent 
settling  should  impair  the  integrity  of  the  structure. 

As  already  stated,  the  spillway  should  not  be  carried  over  the  dam 
unless  it  cannot  be  avoided,  and  then  only  by  protecting  the  embank- 
ment absolutely  from  the  flow  of  the  water. 

The  upper  slope  of  the  dam  should  be  carefully  paved  to  withstand 
wave  action. 

An  interesting  method  much  used  in  recent  years  for  the  construction 
ef  earthen  embankments,  and,  to  some  extent,  of  rock  fills  also,  is  the 
hydraulic  method  by  which  the  material  is  carried  to  place  and  deposited 
through  the  agency  of  running  water.  It  is  evident  at  once  that  this 
meth^  of  deposit,  where  it  can  be  practiced,  must  produce  the  most 
compact  and  homogeneous  of  embankments — ^better  indeed  than  the 
most  thorough  tamping  or  rolling  can  secure.  It  requires,  of  course, 
especially  favorable  conditions  to  make  it  practicable.  There  must  be 
a  good  supply  of  water  that  can  be  delivered  well  above  the  site  of  the 
work.  There  must  also  be  an  abundance  of  materials  near  to  and  above 
the  site.  Then,  if  proper  sluices  are  constructed,  the  materials  maybe 
carried  into  place  at  a  very  small  cost.  The  edges  of  the  embankment 
are  kept  higher  than  the  interior,  and  thus  maintain  a  shallow  pond  in 
which  the  material  deposits.  The  surplus  water  flows  away  either 
through  pipes  carried  down  through  the  embankment  itself,  or  over  the 
sides,  where  these  are  protected  by  a  temporary  revetment.  The  La 
Mesa  Dam  in  California  was  constructed  by  this  method.  Immense 
embankments  have  been  thus  built  on  the  line  of  the  Northern  Pacific 
and  Canadian  Pacific  railroads,  the  cost  per  cubic  yard  for  the  work  on 
the  Northern  Pacific  being  as  low  as  4.79  cents. 

For  the  reservoir  sites  herein  considered,  masonry  dams  are  proposed 
for  the  South  Platte  and  Sweetwater  sites,  the  first  on  the  curved  plan 
with  no  overflow,  the  second  on  the  straight  plan  with  heavy  profile 
designed  for  an  overflow  dam. 

Combined  rock  fill  and  earthen  structures  are  proposed  for  the  upper 
Piney  site.  No  dams  are  required  for  the  Laramie,  the  Lake  De  Smet 
and  Loveland  sites. 

rV.— THE  LARAMIE  SITE. 

This  site  falls  under  the  third  class  considered  above,  viz,  depression 
sites.  It  is,  in  fact,  one  of  the  most  extraordinary  examjples  to  be  found 
in  the  West.  It  lies  southwest  of  the  town  of  Laramie,  Wyo.,  and  the 
nearest  point  is  distant  from  town  about  5  miles.  The  site  includes 
portions  of  townships  15  and  16  north,  range  74  west,  and  townships  15 
and  16  north,  range  75  west.  The  site  extends  in  a  direction  from 
northeast  to  southwest.  It  is  about  10  miles  in  extreme  length  and  3 
miles  in  extreme  breadth.  The  lowest  x>oint  is  at  latitude  7,090  feet 
above  the  level  of  the  sea,  59  feet  below  the  Union  Pacific  track  at 
Laramie,  and  about  35  feet  below  the  low- water  surface  of  the  Laramie 
Biver  where  the  railroad  crosses  that  stream. 

The  basin  is  inclosed  by  a  rim  of  great  thickness,  the  lowest  point  of 
which  is  7,266  feet  above  the  level  of  the  sea.  The  total  relief,  there- 
fore, or  vertical  distance  between  the  lowest  point  in  the  rim  and  the 
lowest  point  in  the  bottom  of  the  reservoir,  is  176  feet.    The  following 
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table  exhibits  the  area  and  capacity  of  this  reservoir  for  every  20  feet 
from  the  bottom  up.  These  statistics  are  also  shown  graphically  on  the 
map  of  the  reservoir  site. 

Table  of  area$  and  oapadtiet,  Laramie  reeervoir  eiU^ 


Contour 

•bOTOSMI 

Area,  In 
acres. 

Capaoity,  In 
aore-feet. 

7,100 
7,120 
7.140 
7.160 
7.180 
7.200 
7.220 
7,240 
7,260 

70 

503 

1,618 

8,332 

5,880 

7,586 

9,803 

11,956 

18,651 

Koi  oonaidered. 

5,807.7 
21.204.6 
70.702.7 
157.822.5 
287.485.0 
462,378.4 
680,972.6 
967.088.7 

The  character  of  soil  surrounding  this  basin  gives  every  appearance 
of  impermeability.  While  it  is  largely  composed  of  earth,  there  are 
evidences  of  the  presence  of  a  rock  of  chalky  character  irregularly 
distributed.  The  means  were  not  available  for  an  extensive  series  of 
borings,  but  these  will  be  necessary  only  along  the  line  of  the  outlet 
and  should  be  made  prior  to  the  commencement  of  construction. 

This  basin  lies  at  the  eastern  base  of  Sheep  Mountain,  a  foothill  of 
the  Medicine  Bow  range,  and  between  the  Laramie  Kiver  and  its  prin- 
cipal upi)er  tributary,  the  Little  Laramie.  These  two  streams  are  the 
most  obvious  and  direct  resource  for  filHng  the  reservoir,  although 
others  can  probably  be  brought  in.  The  map  of  the  site  shows  the 
location  of  the  two  feeders  which  will  convey  the  water  of  these 
streams  to  the  reservoir.  The  Big  Laramie  feeder  will  be  92,000  feet 
long,  the  Little  Laramie  feeder  80,000  feet.  The  available  watershed 
of  the  Laramie  Biver  is  approximately  400  square  miles;  that  of  the 
Little  Laramie  147  square  miles;  that  of  the  reservoir  proper  about  65 
square  miles.  The  mean  annual  discharge  of  the  Laramie  Biver  at  the 
head  gate,  based  upon  four  years'  observations,  is  about  278.3  cubic 
feet  per  second;  that  of  the  Little  Laramie,  in  proportion  to  area  of 
watershed,  may  be  taken  at  100  cubic  feet  per  second.  The  ordinary 
flood  flow  of  the  Big  Laramie  will  not  much  exceed  2,000  cubic  feet 
per  second;  nor  that  of  the  Little  Laramie  750  cubic  feet  per  second. 
The  Big  Laramie  feeder  is  therefore  given  a  maximum  capacity  of 
2,000  cubic  feet  per  second,  and  the  smaller  feeder  a  capacity  of  750 
cubic  feet.  The  sloi)e  proposed  (although  it  may  be  varied  slightly 
either  way  if  found  desirable)  is  1^  feet  to  the  mile.  This  gives,  for  a 
gravelly  soil  of  the  general  character  found  in  the  vicinity  of  the  site, 
a  velocity  of  4  feet  per  second,  with  a  cross  section  of  500  square  feet 
for  the  Big  Laramie  feeder  and  a  velocity  of  4  feet  per  second  and  a 
cross  section  of  187.5  square  feet  for  the  Little  Laramie  feeder.  It  is 
proiK>sed  to  make  this  on  the  average  half  cut  and  half  embankment, 
which  will  require  an  average  excavation  of  9.3  cubic  yards  per  run- 
ning foot  for  the  Big  Laramie  feeder  and  3.5  cubic  yards  per  foot  for 
the  Little  Laramie  feeder.  Twenty-five  hundred  feet  of  the  Big  Lara- 
mie ditch  will  lie  across  a  depression  requiring  embankments  about  20 
feet  high.  Allowing  for  this,  the  total  amount  of  excavation  on  the 
two  canals  is  980,000  cubic  yards  and  280,000  cubic  yards,  respectively. 

In  regard  to  the  matter  of  filling  and  emptying  this  reservoir^  itj& 
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immense  magnitade  interposes  the  gravest  engineering  obstacle  whicli 
the  entire  project  presents.  Below  is  a  table  of  the  monthly  discharge 
in  acre-feet  of  the  I^euramie  Biver  at  Uva,  Wyo.,  compiled  by  Mr. 
Olareuce  T.  Johnsonf  civil  engineer,  of  Oheyenne,  Wyo^  firom  the 
records  of  the  State  engineer's  office: 

Diaekarge  af  ike  Laramie  Biver  ai  Uva,  TFyo. 


1897 
1896 
1896 


Apr. 


40,718 
0,288 
6,870 


Mmy, 


76,908 

14,710 

6,870 


Jhha. 


64,278 
16,460 
17,668 


July. 


2,627 

1,740 

14,066 


Aug. 


7,246 

8,666 

964 


Sept. 


660 
460 


macharge  during  other 
months  avecagM  600 
aero-feet. 


Uva  is  located  below  all  the  diverting  ditches  of  the  stream.  The 
discharge,  therefore,  represents  the  water  which  goes  to  waste,  and  as 
the  river  is  now  utilized  about  as  far  as  it  can  be  in  its  natural  con- 
dition, it  also  represents  approximately  the  amount  of  water  that  must 
be  stored  in  order  to  utilize  the  whole  stream.  It  does  not,  however, 
denote  the  supply  that  can  be  counted  on  to  fdl  the  Laramie  reservoir. 
TTva  is  located  a  great  distance  below  the  proposed  head  gates  on  the 
Big  and  Little  Laramies.  Although  the  country  between  is  one  of 
very  small  run-off,  still  a  good  desd  of  water  must  enter  the  stream 
below  the  head  gates  and  above  the  ITva  station.  There  is  no  way  of 
ascertaining  this  proportion,  for  the  conditions  of  watershed  which 
prevail  below  the  head  gates  are  entirely  different  firom  those  above, 
and  give  a  much  smaller  run-off.  With  every  allowance,  however,  1 
have  considered  that  at  least  20  per  cent  ought  to  be  deducted  from 
the  ITva  discharge  to  get  the  amount  available  for  storage  in  the  Lar- 
amie reservoir.  The  Uva  discharge,  based  upon  a  mean  of  the  three 
years'  record  given  in  the  above  table,  is  87,316  acre-feet.  Deduct- 
ing 20  per  cent  leaves  69,852  acre-feet  Gall  it  70,000  acre  feet,  or 
3,000,000,000  feet  in  round  numbers. 

Kow,  to  fill  the  reservoir  to  contour  7190,  after  allowing  for  evapora- 
tion, would  take  just  about  four  years.  After  that  the  available  sup- 
ply of  70,000  acre-feet,  less  an  annual  loss  of  about  24,000  acre-feet  from 
evaporation,  would  leave  an  available  annual  storage  of  about  46,000 
acre-feet,  or  2,000,000,000  cubic  feet.  This  would  represent  a  rise  and 
fall  in  the  surfEu^e  of  the  reservoir  of  only  about  3.5  feet,  thus  giving  it 
the  character  of  a  permanent  body  of  water. 

The  result  of  this  estimate  is  somewhat  disappointing  and  is  much 
less  than  seems  generally  to  be  expected  by  advocates  of  this  site. 
Mr.  Maltby,  who  made  the  survey,  assumes  higher  results.  It  is  but 
fair  to  say  that  I  have  made  an  outside  allowance  for  the  loss  from 
evaporation  from  the  surface  in  placing  it  at  3  feet  per  annum  plus  the 
rainfall  on  the  surface.  It  probably  is  not  this  much,  tor  there  is  a 
watershed  of  at  least  40  square  miles  tributary  to  the  lake  above  con- 
tour 7260  which  must  run  some  water  into  the  basin.  The  fact  that 
there  are  four  or  five  small  ponds  in  the  bottom  of  the  basin  shows  that 
evaporation  does  not  remove  all  the  water  that  flows  in.  It  is  possible, 
therefore,  that  I  should  have  taken  a  lower  figure  for  this  loss.  But  I 
have  preferred  to  be  well  on  the  safe  side,  on  the  general  principle  that 
it  is  better  to  have  expectations  exceeded  by  reality  than  otherwise. 

As  a  storage  proposition,  it  is  at  once  apparent  that  this  basin  is  too 
large  for  the  two  Laramie  rivers  to  maintain  to  advantage.  That  is, 
the  supply  availablci  compared  with  the  loss  from  evaporation^  is  not 
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sufficient  to  develop  the  fall  economy  of  the  site.  If  other  streams  can 
be  brought  in,  then  it  may  indeed  be  a  most  feasible  and  advantageons 
project.  To  ascertain  the  practicability  of  getting  additional  water  for 
this  reservoir,  I  had  two  barometric  reconnaissances  made  across  the 
range  of  mountains  that  separates  the  Laramie  and  North  Platte  rivers. 
There  was  apparently  a  difference  of  elevation  between  the  Laramie  at 
Woods  Landing  (above  head  gate)  and  the  North  Platte  at  the  Colo- 
rado line  of  between  400  and  500  feet,  the  latter  point  being  the  higher. 
This  would  give  ample  slope  for  a  ditch  or  tunnel  of  large  dimensions 
to  carry  1,000  cubic  feet  per  second,  and  an  average  supply  of  500  cubic 
feet  could  doubtless  be  derived  from  this  source.  As  500  cubic  feet  per 
second  means  nearly  368.000  acre-feet  per  annum,  it  is  plain  that  a  very 
large  expenditure  would  be  justifiable  to  secure  it.  The  Laramie  site 
would  be  more  advantageous  for  North  Platte  storage  than  a  site  in 
the  valley  of  the  latter  stream,  because  the  water  could  be  more  advan- 
tageously distributed  in  the  one  case  than  in  the  other. 

The  necessity  of  iiUing  this  reservoir  to  about  contour  7200  is  owing 
to  the  great  expense  of  constructing  an  outlet  below  it.  The  thickness 
of  the  rim  of  the  basin  on  the  line  of  the  outlet  may  be  seen  from  the 
following  table: 

At  oontoor  7140  it  is  32,300  fe6t  thick. 
At  contour  7160  it  is  23,700  feet  thick. 
At  contour  7180  it  U  16,800  feet  thick. 
At  eontonr  7200  it  is  9,700  feet  thick. 
At  contour  7220  it  is  3,750  feet  thick. 

It  is  not  desirable  to  place  the  outlet  above  7190,  for  it  would  take 
too  long  to  get  the  water  high  enough  to  use.  For  example,  if  the  out- 
let were  at  contour  7220,  the  water  would  not  reach  it  for  upward  of 
ten  years  after  filling  should  begin.  On  the  other  hand,  to  carry  a 
capacious  tunnel  through  the  rim  below  contour  7160  would  be  enor- 
mously exi>ensive.  A  compromise  was  therefore  settled  upon  between 
these  two  opposite  considerations.  Oontour  7190  has  been  chosen  as 
the  bottom  of  the  outlet,  for  which  an  open  cut  instead  of  a  tunnel  is 
proposed.  Where  the  top  of  the  cut  intersects  contour  7260  the  con- 
trolling works  are  proposed.  These  will  consist  of  a  masonry  wall 
exten(Ung  entirdy  across  the  cut  and  10  feet  below  the  bottom  and  25 
feet  into  the  sides.  Under  the  base  of  the  wall  a  concrete  wall  of  10 
feet  square  cross  section  will  be  placed  to  cut  off  all  possibility  of  under- 
flow. The  wall  as  proposed  will  be  80  feet  high,  10  feet  thick  at  the  top, 
and  34.5  feet  thick  at  the  bottom.  For  the  present,  however,  a  height 
of  only  40  feet  is  proposed,  leaving  the  completion  to  depend  upon 
fiiture  enlargement.  The  bottom  and  sides  of  the  outlet  will  be  care- 
fully paved  for  the  distance  of  1,000  feet  to  prevent  any  scour.  Beyond 
that  the  water  will  be  allowed  to  enlarge  the  excavation  as  much  as  it 
wilL  The  cut  along  the  paved  portion  will  be  given  slopes  of  1  on  1^; 
the  rest  of  the  way  the  slopes  will  be  1  on  1,  leaving  the  water  to  com- 
plete the  excavation. 

The  outlet  for  the  water  will  consist  of  16  culverts,  3  by  2  feet, 
through  the  wall,  closed  by  butterfly  valves  at  the  upper  ends.  These 
will  give  ample  flow  for  any  probable  fdture  enlargement  of  the 
reservoir. 

The  estimated  cost  of  this  work  is  given  in  the  following  table: 

Itightof  way $30,000.00 

Big  Larunie  feeder,  980,000  cnbic  yards  in  all,  at  7  cents  per  yard 68^600.00 

little  Laramie  feeder,  80,000  linear  feet,  giving  3.6  enbic  yards  per  foo^ 

or  280,000  enb&c  yards  in  aU,  at  7  cents  per  yard l^^^l^«^ 

HsadgatM  <a  the  two  Laramies,  at  $5,000  eaon V;^^^2^.^ 
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Outlet  oat,  1,064,323  oabio  yftrds,  at  ISoenta $162,648.45 

3,573  onbio  yards  of  masonry  in  outlet  works,  at  $10 35,730.00 

9,350  square  yards  of  paving,  at  $2  per  yard 18,700.00 

16  controlling  yalves  and  frames,  at  $100  each 1,600.00 

346,878.45 
Add  20  per  oent  for  superintendence  and  contingencies 69, 375. 69 

Total  estimate 416,254.14 

The  number  of  aore-feet  of  ayailable  storage  being  46,000,  the  first  cost  would  be 
$9.05  per  acre-foot. 

Should  boringB  disclose  the  presence  of  rock  in  the  rim  of  a  quality 
which  would  withstand  a  powerftd  flow  of  water  without  serious 
erosion,  the  proposed  cut  would  be  pari^ially  replaced  by  a  tunned  and 
the  controlling  works  would  be  much  simplified.  Estimating  the  cost 
of  a  capacious  tunnel  at  $20  x>er  running  foot,  and  its  length  at  3,800 
feet,  it  will  be  seen  that  the  total  cost  with  such  a  plan  will  not  fall 
below  that  in  the  estimate  here  given. 

If  the  cost  of  securing  an  additionsJ  500  feet  per  second  from  the 
Korth  Platte  drainage  be  estimated  at  V1,000,000  ( and  I  believe  it 
could  be  secured  for  one-half  or  three-fourths  of  that  sum),  the  total 
cost  per  acre-foot  will  fall  to  $3.47.  It  is  thus  seen  that  the  Laramie 
reservoir  is  not  an  exi>ensive  storage  proposition  even  when  restricted 
to  the  two  streams  considered.  When  extended  to  a  larger  field,  it 
becomes  an  exceptionally  economical  one. 

The  plan  of  cutting  the  reservoir  site  in  two  along  the  line  of  a  ridge 
about  midway  of  the  length  of  the  basin  was  carefully  considered,  with 
a  view  to  reduce  the  size  of  the  reservoir  to  proportions  suitable  to  the 
two  streams  that  are  to  fill  it.  The  extra  cost  involved  in  the  dividing 
embankment  and  the  increased  length  of  the  Big  Laramie  feeder  nega- 
tived a  favorable  view  of  this  project. 

There  is  now  urgent  need  of  storage  of  the  waste  waters  of  the  Lara- 
mie Biver.  The  resources  of  the  stream  in  its  natural  condition  have 
been  exhausted.  The  lands  where  the  waters  would  find  their  princi- 
pal application  lie  below  the  Laramie  Mountains  in  the  vicinity  of 
Wheatland,  Wyo.  The  entire  flow  of  this  stream  can  be  advan- 
tageously used  in  irrigation  in  this  section,  and  the  project  for  storing 
that  percentage  of  its  flow  which  is  necessary  to  render  the  whole 
available  is  one  of  actual  immediate  importance. 

v.— THE  SWEETWATER  SITE. 

This  is  an  oi>en-valley  site,  and  is  located  on  the  Sweetwater  Biver 
about  20  miles  above  its  junction  with  the  Korth  Platte  Biver.  It  lies 
in  townships  28  and  29  north,  ranges  87  and  88  west  of  the  sixth  prin- 
cipal meridian.  As  a  simple  proposition  for  the  storage  of  water,  it  is 
almost  unequaled  anywhere  in  the  West.  For  several  mUes  along  the 
site  of  the  reservoir  the  river  flows  in  an  easterly  direction  along  the 
southern  base  of  a  high  granite  ridge.  At  the  site  of  the  proposed  dam 
it  turns  abruptly  to  the  north  and  passes  the  ridge  through  a  narrow 
chasm  of  very  bold  and  striking  appearance.  Neither  the  appearance 
of  the  gorge  nor  any  other  evidence  indicates  that  this  opening  was  cut 
out  by  erosion.  It  seems  rather  to  be  a  cleft  in  the  rock  formed  by  some 
convulsion  of  nature.  Its  remarkable  character  can  best  be  Judged 
from  the  accompanying  photographs  and  from  the  section  of  the  dam 
site  shown  on  the  map.  Its  breadth  at  the  bottom  is  only  about  30  feet; 
its  depth  is  about  330  feet,  and  its  width  at  this  height  about  400  flaet 
It  stands  almost  without  exception  as  the  most  favorable  site  for  a  great 
masonry  dam  in  the  world.    To  the  east  of  the  gorge  the  ridge  £eJ18 
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away  rapidly,  and  at  two  points  reachen  an  elevation  only  100  feet  above 
the  sarface  of  the  stream  in  the  gorge.  It  is  this  depression  in  the 
ridge  that  forms  the  limit  of  height  to  the  dam. 

This  canyon  has  always  been  a  very  noted  natural  feature  of  that  sec- 
tion of  the  country  and  has  been  known  since  1812,  when  it  was  passed 
by  the  returning  Astorians  late  in  the  fall  of  that  year.  Through  the 
depression  in  the  ridge  just  referred  to  lay  the  old  overland  trail  to 
Oregon  and  California,  and  the  proximity  of  the  gorge  to  this  great  ' 
highway  gave  it  unusual  prominence  in  the  history  of  travel  through 
the  West.  It  early  received  the  name  of  the  "Devils  Gate,"  which  it 
retains  to  this  day. 

The  reservoir  site  above  the  dam  is  no  less  remarkable  than  the 
gorge  itself.  The  river  has  a  very  gentle  slope,  only  about  6  feet  to 
the  mile.  The  valley  is  broad  and  the  storage  capacity  of  the  site  is 
accordingly  very  great.  Add  to  this  that  the  site  lies  well  toward  the 
lower  end  of  the  valley,  and  it  will  be  seen  that  scarcely  any  stream  in 
the  world  is  so  highly  favored  with  natural  provision  for  the  conserva- 
tion of  its  flow  as  the  Sweetwater  River  of  Wyoming. 

The  map  of  this  site  contains  all  the  information  necessary  for  a  com- 
plete understanding  of  it.  A  solid  masonry  dam  of  strong  profile  and 
straight  plan,  designed  to  carry  the  floods  of  the  river  over  its  crest 
after  the  reservoir  is  full,  is  proposed.  The  dam  will  be  25  feet  thick 
at  the  top  and  94  feet  at  the  bottom,  with  a  batter  of  10  on  1  on  the 
upper  face  and  of  2  on  1  on  the  lower.  The  masonry  will  be  uii coursed 
rubble,  with  a  large  proportion  of  concrete.  The  exceptional  facility 
which  the  site  aflbrds  for  the  quarrying  of  rock  will  greatly  reduce  the 
cost  of  this  part  of  the  work. 

The  height  of  the  dam  will  be  100  feet  above  the  present  low-water 
surface  at  the  site.  This  will  raise  the  water  nearly  to  the  level  of  the 
depression  in  the  ridge  already  referred  to.  At  this  height  the  reser- 
voir will  have  an  area  of  10,578  acres  and  a  capacity  of  14,242,594,000 
cubic  feet,  or  326,965  acre-feet. 

It  is  proposed  to  carry  the  outlet  works  through  the  ridge  by  a  tun- 
nel running  well  around  the  base  of  the  dam.  The  length  of  the  tunnel 
will  be  about  1,000  feet  and  its  cross  section  75  square  feet.  This  is 
calculated  to  give  a  flow  of  1,000  cubic  feet  per  second  with  a  25foot 
head,  and  will  easily  drain  the  reservoir  during  the  irrigation  season. 

The  entrance  to  the  tunnel  will  be  considerably  larger  than  the  main 
trunk  and  will  be  closed  by  a  solid  masonry  wall,  through  which  the 
emptying  culverts  will  extend.  These  will  be  12  in  number  and  will 
consist  of  cast-iron  pipe  of  36-inch  diameter,  closed  by  the  ordinary 
gate  valve  and  operated  from  above  the  top  of  the  reservoir. 

The  reservoir  site  is  occupied  by  two  important  ranches  and  the  cost 
of  right  of  way  will  be  considerable. 

Following  is  an  estimate  of  the  total  cost  of  this  reservoir: 

Right  of  way $75,000.00 

CloariDg  of  site 2,500.00 

Masonry  in  dam,  21,534  cabio  yards,  at  $6  per  yard 129, 204. 00 

Tunnel  1,000  feet  long,  at  $15  per  foot 15,000.00 

Masonry  of  outlet  works,  500  cubic  yards,  at  $10  per  yard 5, 000. 00 

12TalYesand  pipes,  at  $100  each 1,200.00 

Beoonstruction  of  10  miles  of  highway 2,500.00 

230, 404. 00 
Superintendence  and  contingencies,  20  per  cent 46, 080. 80 

Total  estimate 276,484.80 

The  first  cost  of  the  storage  per  acre-foot  is  therefore  85  cents. 
BNa  98 178 
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The  drainage  area  of  the  Sweetwater  Kiver  above  the  Devils  Gate  is 
2,492.1  sqaare  miles.  There  has  been  bat  one  measurenient  of  its  dis- 
charge and  there  are  therefore  no  reliable  data  upon  this  point.  Bat  tak- 
ing the  discharge  of  the  North  Platte  at  Orin  Junction  and  deducing  the 
proportion  by  watersheds  which  should  go  to  the  Sweetwater  gives  a 
mean  of  319  feet  per  second,  or  10,066,660,670  cubic  feet,  or  about  230,000 
acre-feet,  per  year.  The  reservoir  is  thus  seen  to  have  a  capacity  greater 
than  the  ordinary  flow  of  the  stream.  Should  the  time  come  when  all 
of  the  water  is  used  for  irrigation,  the  amount  of  storage  required 
would  probably  not  exceed,  on  the  average,  5,000,000,000  cubic  feet,  or 
115,000  acre-feet,  per  annum.  In  years  of  heavy  flow  this  would  be 
much  exceeded.  For  reasons  already  given,  however,  a  large  reservoir 
is  recommended  in  preference  to  one  whose  capacity  is  limited  to  actual 
needs.  A  rise  and  fall  of  10  feet  at  the  top  of  the  reservoir  as  planned 
will  represent  the  annual  storage  required  when  the  stream  is  thoroughly 
utilized  in  irrigation.  The  reservoir  bottom  will  then  be  uncovered 
over  only  about  one- fourth  of  its  area  when  at  its  lowest  stage  and  it 
will  soon  acquire  the  character  of  a  permanent  lake.  The  extra  cost 
by  which  this  advantage  is  assured  is  but  trifling  in  comparison  with 
that  of  the  whole  work. 

This  project  is  not  presented  as  one  demanding  immediate  considera- 
tion, because  the  unaided  flow  of  the  North  Platte  River  is  not  yet 
exhausted.  The  time  is  not  far  distant,  however,  when  it  will  be  all 
used,  and  when  that  time  comes,  a  reservoir  on  the  Sweetwater  site 
will  afford  the  most  certain  and  the  cheapest  means  of  adding  to  it. 

There  is  an  Important  reason  why  early  occupation  of  this  site,  even 
in  advance  of  actual  need  of  the  water  in  irrigation,  is  very  desirable. 
The  cost  of  the  right  of  way  will  certainly  increase  rapidly  as  time  goes 
on.  It  is  very  probable  that  a  railroad  will  soon  be  built  along  this 
valley,  and,  if  so,  it  will  naturally  seek  a  route  through  the  Devils  Gate 
Oanyon  and  along  the  immediate  valley  of  the  stream.  To  remove  such 
a  railroad  when  once  built  would  add  enormously  to  the  cost  of  the 
work,  and  the  best  way  to  prevent  such  a  contingency  would  be  the  per- 
manent occupation  and  improvement  of  the  site.  At  any  rate,  the  proper 
authority  ought  to  interfere  to  prevent  the  occupancy  of  the  gorge  by 
a  railroad.  This  would  work  no  serious  hardship,  for  it  is  entirely 
practicable  to  carry  a  road  over  the  low  ridge  east  of  the  gorge  and 
around  the  border  of  the  proposed  reservoir. 

VI.— THE  PINEY  CREEK  SYSTEM. 

The  reservoir  sites  examined  along  this  stream  did  not  come  to  my 
attention  until  early  in  August  of  the  present  year,  but  I  found  them 
to  possess  so  many  advantages  that  I  determined  to  consider  them. 
For  this  purpose  I  engaged  the  services  of  Mr.  Fred  Bond,  a  civil 
engineer,  of  Buffalo,  Wyo.,  who  had  already  done  some  work  on  these 
sites,  to  make  me  as  complete  an  examination  of  them  as  the  limited 
means  at  my  disposal  would  permit.  This  work  Mr.  Bond  executed 
with  great  promptness  and  in  considerable  detail.  The  drawings  of  the 
three  sites  considered,  with  estimates  of  cost,  were  all  prepared  by  him. 
His  report,  appended  hereto,  will  be  found  of  much  interest. 

Piney  Creek  is  one  of  the  most  important  streams  in  Wyoming,  and 
is  to  that  State  very  much  what  the  Cache  ^  la  Poudre,  to  be  described 
further  on,  is  to  Colorado.  It  is  fed  from  the  perennial  drifts  that  accu- 
mulate in  great  magnitude  in  the  chasms  and  on  the  slopes  of  the  Big 
Horn  Mountains,  just  to  the  north  of  Cloud  Peak.    It  is  a  typical 
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mountain  torrent,  subject  to  no  violent  variations  in  discharge,  but  a 
good,  strong  stream  the  year  round.  The  absence  of  continuous  gauge 
observations  makes  it  impossible  to  state  definitely  what  the  mean 
annual  discharge  is;  but  a  conservative  estimate,  based  upon  such  mea- 
surements as  have  been  taken,  indicates  a  mean  flow  at  the  foot  of  the 
mountains  of  about  250  cubic  feet  per  second,  with  a  maximum  of 
about  1,000  cubic  feet  yer  second  and  a  minimum  of  about  100  cubic 
feet.  From  the  report  of  Mr.  Bond,  as  well  as  from  personal  confer- 
ences by  myself  with  farmers  in  the  Piney  Valley,  it  appears  that  an 
unusually  large  percentage  of  the  flow  of  Piney  Greek  will  have  to  be 
stored  in  order  that  all  may  be  utilized — probably  50  per  cent. 

Fortunately  nature  has  provided  excellent  sites  for  this  purpose. 
These  sites  are  three  in  number,  and  are,  commencing  with  the  highest, 
the^Gloud  Peak  site,  the  Piney  site,  and  the  Lake  De  Smet  site. 

CLOUD  PEAK  SITE. 

This  is  a  lake  site  and  lies  at  the  northern  base  of  Oloud  Peak,  nearly 
10,000  feet  above  sea  level,  and  surrounded  by  dense  mountain  forests. 
It  is  about  1}  miles  long  and  one-half  mile  wide.  It  covers  173  acres. 
The  photographs  convey  a  good  idea  of  its  present  appearance.  It  is 
proposed  to  close  the  outlet  by  a  dam  34  feet  high  and  to  construct 
outlet  works  so  as  to  draw  off  the  water  6  feet  below  the  present  surface. 
The  available  capacity  is  estimated  at  296,000,000  cubic  feet,  or  6,800 
acre-feet.  The  drainage  area  above  this  site  is  about  30  square  miles, 
and  the  reservoir  will  till  every  year. 

Mr.  Bond  has  presented  a  plan  of  dam  which  will  give  a  satisfactory 
result.  To  permit  some  minor  modifications,  however,  which  might  be 
deemed  essential  for  increasing  the  thoroughness  of  the  work,  I  have 
increased  his  estimate  by  25  per  cent,  instead  of  20  per  cent  as  in  the 
other  estimates.    A  table  of  costs  is  given  below. 

THB  PINEY  SITE. 

This  is  an  open- valley  site,  formed  by  a  natural  park  1^  miles  long 
by  1  mile  wide.  It  is  located  6  miles  below  Oloud  Peak  Lake,  at  an 
altitude  of  8,800  feet.  It  is  proposed  to  close  the  outlet  of  this  park 
by  a  dam  54  feet  high.  This  will  give  the  reservoir  an  area  of  368 
acres  and  a  capacity  of  480,000,000  cubic  feet,  or  11,020  acre-feet.  The 
form  of  dam  proposed  by  Mr.  Bond  is  well  suited  to  the  site.  The  esti- 
mate of  cost  is  given  below.  The  entire  watershed  above  the  dam  is 
65  square  miles,  and  the  reservoir  will  fill  every  year. 

Both  of  the  above  sites  were  recently  located  and  filed  upon  by  an 
association  of  farmers  in  the  valley  below,  under  the  style  of  the  Eock 
Creek  and  Piney  Reservoir  and  Ditch  Company.  There  will  be  no 
difficulty  in  securing  a  relinquishment  of  their  rights,  which  they  have 
voluntarily  proposed,  as  will  be  seen  from  an  instrument  in  writing 
executed  by  them,  a  copy  of  which  is  appended  hereto  (Appendix  D). 
In  facty  these  sites  present  no  complications  in  regard  to  prior  rights. 

THB  LAKE  DE  SMET  SITS. 

This  is  a  depression  site  occupied  by  a  natural  lake  without  an  out- 
let. The  present  lake  is  about  3  miles  in  extreme  length  and  1  in 
extreme  breadth,  and  has  an  area  of  about  1,965  acres.  The  water  is 
reported  to  be  unfit  for  use,  but  I  think  this  must  be  a  mistake,  as  it  is 
regularly  used  for  the  watering  of  animals. 
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The  site  lies  well  out  from  the  base  of  the  mountains,  and  its  possible 
capacity  is  such  as  to  store  all  the  surplus  of  the  Piney  not  stored  in 
the  two  reservoirs  just  described.  It  forms,  in  fact,  with  those  two, 
a  complete  system  for  the  stream  and  makes  as  satisfactory  an  arrange- 
ment as  could  be  desired. 

The  surface  of  the  lake  can  be  raised  30  feet  before  the  natural  basin 
is  full,  and  to  any  required  height  thereafter  by  a  simple  embankment 
at  the  northern  end.  Thirty  feet  depth  of  storage  will  give  a  reservoir 
area  when  full  of  2,400  acres,  and  a  capacity  of  nearly  3,000,000,000 
cubic  feet,  or  67,600  acre-feet.  The  present  estimate  considers  only 
this  amount  of  storage,  but  it  could  be  increased  if  found  desirable  to 
the  full  needs  of  the  stream. 

To  fill  the  reservoir  will  require  a  feeder  3^  miles  long.  The  canal 
proposed  by  Mr.  Bond  has  a  slope  of  4  feet  to  the  mile,  a  depth  of 
7  feet,  and  will  carry  727  cubic  feet  per  second.  Mr.  Bond  excludes 
four  months  of  winter  fr*om  the  supply  for  this  reservoir,  but  I  see  no 
conclusive  reason  why  this  should  be  done.  It  ought  to  be  possible  to 
overcome  the  difficulties  arising  from  excessive  cold  weather  so  as  not 
to  lose  this  winter  supply. 

Outlets  are  provided  at  each  end  of  the  reservoir,  that  at  the  north 
end  draining  into  the  Piney  and  that  at  the  south  end  into  Box  Elder 
Greek.  Each  outlet  will  discharge  425  cubic  teet  of  water  per  second. 
The  outlets  are  mainly  in  cut,  but  there  is  a  length  of  1,000  feet  of  tun- 
nel at  each  end. 

There  are  no  ])rivate  claims  connected  with  this  reservoir,  bat  some 
of  the  land  on  the  immediate  borders  of  Lake  De  Smet  and  along  the 
feeder  will  have  to  be  condemned. 

Following  is  Mr.  Bond's  estimate  for  the  three  sites.  To  each  I  have 
added  25  per  cent  to  cover  superintendence,  contingencies,  and  such 
possible  modifications  of  plan  as  might  be  developed  in  actual  con- 
sanction. 

Cloud  Peak  Lake  «ite. 

26,015  onbio  yards  earth,  at  50  cents $13,606.00 

10,900  onbio  yards  loose  rock,  at  70  cents 7,690.00 

200  cubic  yards  masonry,  at  $10 2,000.00 

SOO  cubic  yards  stone  excavation,  at  $3 900.00 

8,446  pounds  iron,  at  16  cents 551.00 

1  3-foot  sluice  gate 200.00 

7  miles  roadway  Piney  to  Cload  Peak  Reservoir,  at  $150 1, 060.00 

Total 24,839.00 

Add  25  per  cent  for  superintendence  and  contingencies 6, 209. 75 

Grand  total 31,049.75 

The  capacity  of  the  reservoir  being  6,800  acre-feet,  the  first  cost  is  $4.66  per  aois- 
foot. 

Piney  eite. 

63,477  cubic  yards  of  earth,  at  40  cents $25,391.00 

30,120  cubic  yards  of  loose  rock,  at  80  cents 24,096.00 

431  cubic  yards  of  masonry,  at  $8 3,448.00 

7,878  pounds  iron,  at  15  cents 1,182.00 

320  cubic  yards  stone  excavation,  at  $3 960.00 

2  3-foot  sluice  gates,  at  $200 400.00 

7  miles  road  to  reservoir  site,  at  $100 700.00 

Add  26  per  cent  for  superintendence  and  contingencies • 14, 049. 25 

Total 70,226.25 

The  capacity  of  this  reservoir  being  11,020  aore-feet|  the  cost  per  aoie-foot  ie  $6.87. 
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Lake  De  Smet  Hie. 

UPPER  DI8CIIAROB  CA17AL. 

125,209  yarcU  earth,  at  20  cents $25,041.00 

3,550  yardB  earth  in  tannel,  at  50  cents 1, 775. 00 

1,000  yards  concrete,  at  $6 6,000.00 

1  sluice  gate  in  place,  6-foot 300.00 

$33, 116. 00 

LOWER  DISCHARGE  CANAL. 

159,407  yards  earth,  at  20  cents 31,881.00 

3,550  yards  earth  in  tannel,  at  50  cents 1,775.00 

1,000  yards  concrete,  at  $6 6,000.00 

1  sloicA  gate  in  place,  6-foot 300.00 

39,956.00 

SUPPLY  CAKAL. 

105,560  yards  earth,  at  12  cents 12,667.00 

66  yards  rahble  masonry,  at  $6 396.00 

18  yards  concrete,  at$6 108.00 

2  6-foot  iron  brass-mounted  gates 550.00 

13,721.00 

450  acres  land  submerged  by  reservoir,  at  $5 2,250.00 

66  acres  for  right  of  way  for  supply  canal,  at  $20 1,320.00 

25  acres  for  right  of  way  for  disonarge  canals,  at  $5 125.00 

1  wooden  bridge  at  county  road  crossing 200.00 

9(f,688.00 
Add  25  per  cent  for  superintendence  and  contingencies 22, 672. 00 

Total 113,360.00 

The  capacity  of  the  reservoir  being  67,628  acre-feet,  the  cost  per  acre- foot  is  $1.67. 

The  cost  of  the  whole  system  is  as  follows: 


Sit6. 


Cload  Pe«k  .. 

Piney , 

Lake  Be  Smet 

Total.... 


▲ore*feet. 


6,800 
11,020 
67,628 


85,448 


Cost 


$31, 048. 75 

70,226.25 

113, 360. 00 


214^635.00 


Cost  per 
acre. 


$4.56 
6.37 
1.67 


2.51 


In  no  part  of  Wyoming  has  the  water  of  streams  been  more  fully 
used  in  irrigation  than  in  the  section  of  country  along  Olear  and  Piney 
creeks  and  their  tributaries.  The  resources  of  these  streams  in  their 
natural  condition  have  been  exhausted,  yet  there  is  abundance  of  land 
in  their  immediate  valleys  to  utilize  the  flow  which  now  goes  to  waste. 
The  project  for  storing  that  percentage  of  the  flow  of  Piney  Greek  which 
is  necessary  to  render  the  whole  available  is  therefore  one  of  actual 
immediate  importance.    (See  report  of  Mr.  Fred  Bond,  Appendix  B.) 


Vn.— THE   SOUTH  PLATTE  SITE. 

This  site  lies  in  Jefferson  and  Douglas  counties.  Oolo.,  in  township 
10  south,  ranges  70  and  71  west  of  the  sixth  principal  meridian.  It  is  on 
the  South  Fork  of  the  South  Platte  River,  one-fourth  of  a  mile  below 
the  month  of  Ooose  Greek.  It  is  about  50  miles  southwest  from  Den- 
ver and  20  miles  from  the  railroad  at  the  junction  of  the  two  forks  of 
the  South  Platte.  Nine  miles  of  this  distance  is  along  an  abandoned 
railroad  grade,  and  for  the  rest  of  the  distance  a  good  road,  without 
heavy  grades,  can  be  built  to  the  site  of  the  dam. 

This  site  is  chiefly  remarkable  in  affording  an  excellent  place  for  a 
high  masonry  dam.    The  photographs  convey  some  idea  of  its  character, 
but  this  can  much  better  be  judged  f[*om  the  map  of  t\ie>  ^\^.   ^V^ 
height  of  dam  best  suited  to  the  locality  is  about  2iOQ  te^t  «\>q>n^\X^^ 
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datum.  At  this  height  the  length  of  the  reservoir  will  be  abont  5J 
miles,  the  area  of  the  water  surface  in  the  reservoir  776  acres,  and  the 
capacity  2,927,705,010  cubic  feet,  or  67,211  acre  feet  The  area  and 
capacity  from  zero  to  the  top  are  shown  in  curves  on  the  map  of  the  site. 

A  curved  plan  of  dam  is  best  adapted  to  the  topography  of  the  site, 
and  a  curve  with  a  radius  of  300  feet  is  adopted  in  the  plans.  The  pro- 
file of  the  dam  is  slightly  lighter  than  that  of  the  accepted  theoretical 
gravity  dam,  but  the  extreme  narrowness  of  the  gorge  in  the  lower  90 
feet  of  its  depth,  and  the  arched  form,  will  more  than  make  up  any 
deficiency  in  stability  arising  from  this  cause.  The  masonry  in  the  con- 
struction will  be  uncoursed  rubble,  with  a  large  use  of  concrete.  Espe- 
cial care  will  be  taken  with  the  work  on  the  upper  face,  and  particularly 
with  that  portion  around  the  outlet  pipe,  to  be  described  further  on. 
The  rock  is  a  red  granite  and  can  be  found  in  quantities  sufficient  for 
the  entire  work  immediately  at  and  above  the  site.  Timber  sufficient 
for  all  the  purposes  of  construction  can  be  had  from  trees  growing  on 
the  reservoir  site.  In  fact,  all  the  material  required,  except  cement, 
iron,  and  other  manufactured  articles,  are  as  conveniently  located  as 
could  possibly  be  desired. 

The  ridge  which  supports  the  left  flank  of  the  dam  rises  somewhat 
beyond  ite  extremity,  and  then  falls  into  a  saddle,  the  lowest  point  of 
which  is  at  about  the  same  elevation  as  the  top  of  the  dam.  This 
depression  through  the  ridge  affords  a  most  perfect  opportunity  for  the 
construction  of  a  spillway.  The  one  proposed  is  shown  in  section  and 
profile  on  the  drawings.  It  is  250  feet  long,  and  with  a  depth  of  3  feet 
will  carry  4,000  cubic  feet  of  water.  The  bottom  of  the  spillway  is 
placed  3  feet  below  the  highest  proposed  contour  of  the  reservoir,  and 
will  be  provided  with  some  form  of  movable  dam  by  which  the  spillway 
can  be  closed  if  desired. 

It  is  proposed  to  carry  the  outlet  of  the  reservoir  through  the  dam 
itself  by  means  of  a  4-foot  cast-iron  pipe,  as  shown  in  the  drawings. 
The  pipe  will  be  specially  cast  for  the  work  in  lengths  and  forms  to  fit 
the  location.  The  utmost  precaution  will  be  taken,  by  means  of  iron 
collars  around  the  pipe  extending  into  the  masonry,  to  prevent  any 
filtration  of  water  along  it.  The  pipe  will  be  thoroughly  anchored  to 
the  granite  walls  of  the  canyon,  and  that  portion  below  the  dam  wUl 
lie  in  a  trench  excavated  from  the  rock  to  receive  it.  The  lower 
extremity  will  abut  against  the  end  of  the  trench  to  take  up  the  longi- 
tudinal stress  upon  the  pipe  due  to  the  pressure  against  the  end.  The 
last  length  of  the  pipe  will  be  effectually  closed  against  the  passage  of 
water.  It  is  proposed  to  have  the  controlling  valves  below  the  dam. 
They  will  be  placed  in  a  series  of  twelve  15inch  lateral  pipes  let  into 
the  large  pipe  on  the  side  next  to  the  stream.  These  laterals  will  lie 
at  an  angle  of  20^  above  the  horizontal,  and  will  discharge  against  the 
wall  of  the  canyon  across  the  stream.  Oonsidering  the  great  pressure 
due  to  a  head  of  200  feet,  it  is  believed  that  several  small  valves  will 
be  much  better  adapted  to  the  work  than  one  large  one.  The  total 
pressure  against  a  4-foot  valve  would  be,  under  a  2()0-foot  head,  abont 
78.4  tons. 

This  arrangement  of  the  outlet  places  all  the  valves  where  they  are 
entirely  accessible,  and  it  avoids  the  expense  and  inconvenience  of  a 
high  water  tower.  There  will  be  one  larger  valve  at  the  lower  end  of 
the  series,  to  be  opened  only  for  the  purpose  of  flushing  out  solid  matter 
which  might  get  into  the  pipe,  and  to  give  access  to  the  pipe  for  purposes 
of  examination  or  repair.  To  exhaust  the  water  from  the  pipe  at  such 
times,  a  << railroad  gate,"  as  it  has  been  called,  will  be  provided;  that 
iSy  a  heavy  sliding  or  rolling  gate  that  can  be  let  down  over  the  entrance 
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to  the  outlet  to  close  it  temporarily.  After  necessary  examinations  or 
repairs  have  been  made,  the  outlet  valves  are  closed,  the  pipe  fills  from 
leakage  around  the  upper  gate,  or  by  means  of  a  small  auxiliary  opening 
provided  for  the  purpose,  the  pressure  on  the  gate  is  relieved^  and  it 
can  then  be  raised  so  as  to  leave  a  free  entrance  for  the  water. 

For  the  purpose  of  keeping  a  permanent  record  of  the  water  passing 
the  dam,  a  low  overflow  weir  is  proposed,  at  a  point  some  distance 
below  the  spillway.  This  should  be  made  with  extreme  accuracy  and  be 
provided  with  an  automatic  register  of  the  gauge  height. 

The  area  of  watershed  above  the  site  of  the  dam  is  1,645.2  square 
miles.  The  mean  flow  of  the  South  PlattiC  Biver  at  Deansbury,  just 
below  the  junction  of  the  North  and  South  Forks,  as  estimated  from 
the  records  of  a  single  year  (1896),  does  not  exceed  241  cubic  feet  per 
second.  Of  this  flow  about  166  feet  per  second,  by  proportion  of  water- 
shed, passes  the  site  of  the  proposed  dam.  As  to  the  proportion  that 
can  be  stored,  no  absolute  answer  can  be  made.  But  I  do  not  think  it 
would  be  safe  to  count  on  more  than  60  cubic  feet  per  second  on  the 
average,  including  winter  flow,  spring  floods,  and  irregular  storms. 
This  would  give  only  about  1,900,000,000  cubic  feet,  or  43,620  acre-feet. 
The  loss  from  evaporation  in  excess  of  rainfall  on  the  surface  would  not 
be  more  than  100,000,000  cubic  feet  annually,  leaving  1,800,000,000  cubic 
feet,  or  41,320  acre-feet,  of  storage  on  the  basis  of  the  above  estimate. 

The  year  1896,  however,  seems  to  have  been  one  of  low  water  on  the 
South  Platte,  and  the  above  discharge  is  often  very  much  greater. 
Although  the  above  estimate  shows  that  the  reservoir  would  till  only 
about  two  thirds  of  its  capacity  each  year,  there  will  be  many  years 
when  it  will  entirely  fill.  It  seems  advisable,  therefore,  to  develop  the 
full  capacity  of  the  site,  as  here  proposed. 

The  principal  obstacle  in  the  way  of  actual  construction  of  this 
reservoir  is  the  previous  appropriation  of  the  site  by  a  private  party, 
viz,  a  water  company  under  the  name  of  the  South  Platte  Canal  and 
Reservoir  Company.  Some  placer  claims  have  been  taken  up  on  the 
same  site,  probably  more  with  a  view  of  controlling  the  land  than  of 
developing  the  claims.  None  of  these  rights  have  been  put  to  a  benefi- 
cial use  as  yet,  and  it  is  questionable  if  they  ever  will  be.  How  long 
they  will  remain  in  force  in  the  absence  of  any  attempt  to  develop  them 
is  not  a  matter  of  specific  regulation,  but  rather  of  judicial  determina- 
tion. Damages  arising  from  a  relinquishment  of  the  site  to  the  Gov- 
ernment can  not,  therefore,  be  definitely  estimated.  They  ought  not  to 
exceed  a  reasonable  allowance  for  actual  land  values  and  work  already 
expended  on  the  claims.  The  site  is  one  of  the  most  important  in  Colo- 
rado, and  whether  the  present  claimants  would  crowd  their  rights  to 
an  exorbitant  figure  in  surrendering  them  to  the  Government  is  not  a 
matter  that  can  be  determined  except  by  actual  negotiations  for  the  site. 

In  other  respects  the  cost  of  the  work  will  be  very  moderate  consid- 
ering the  somewhat  remote  location. 

Eiiimate  of  ooiU 

Right  of  way $50,000 

MMonry  in  djfin,  75,200  oabio  yards,  at  $5 376,000 

Outlet  works,  spillway,  and  masonry  weir 20,000 

Clearing  of  site 4,000 

450,000 
Add  20  per  cent  for  superintendence  and  contingencies 90, 000 

Total  estimate 540,000 

On  the  basis  of  a  fall  reservoir,  this  gives  a  cost  per  acre-foot  of  storage  ol 
about  $8. 
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In  no  part  of  Colorado  has  the  water  of  streams  been  more  fully 
used  in  irrigation  than  in  the  valley  of  the  South  Platte  and  its  sever^ 
tributaries.  The  resources  of  these  streams  in  their  natural  condition 
have  been  exhausted,  yet  there  is  an  abundance  of  land  in  the  valley 
of  the  Platte  to  utilize  the  flow  which  now  goes  to  waste.  The  project 
for  storing  that  percentage  of  the  flow  of  the  South  Fork  of  the  South 
Platte  which  is  necessary  to  render  the  whole  available  is,  therefore, 
one  of  actual  immediate  importance. 

VIII.— THE  LOVELAND  SITE. 

r  This  is  a  depression  site,  embracing  two  basins  close  to  each  other, 

I  each  being  partially  occupied  by  a  natural  lake.    There  are  many 

similar  basins  in  this  locality  which  have  already  been  used  for  the 
storage  of  water.  The  site  is  about  3  miles  northeast  of  the  village 
of  Loveland  on  the  divide  between  the  Big  Thompson  and  Cache  i  la 
Poudre  creeks.  It  lies  in  townships  5  and  6  north,  range  68  west  of 
the  sixth  principal  meridian.  It  is  about  20  miles  west  of  the  town  of 
Greeley.  It  is  in  the  midst  of  the  finest  agricultural  district  in 
Colorado,  and  one  of  the  best  irrigated  districts  of  the  United  States. 
This  is  the  locality  of  the  well-known  enterprise  called  the  Union 
Colony,  which  was  conceived  and  first  advocated  by  Horace  Greeley  as 
a  result  of  bis  observations  and  travels  in  the  West.  The  development 
of  irrigation  in  this  vicinity  has  been  truly  wonderful  and  shows  what 
can  be  dotie  under  fairly  favorable  conditions  with  the  arid  lands  of 
the  West.  Irrigation  is  here  carried  on  upon  a  scientific  basis  scarcely 
excelled  even  by  the  more  costly  systems  of  southern  California. 
There  is  probably  not  another  stream  of  its  magnitude  in  the  United 
States  that  has  been  so  thoroughly  studied,  and  the  characteristics  of 
which  are  so  well  known,  as  the  Cache  d,  la  Poudre  Eiver,  which 
furnishes  the  principal  supply  of  water. 

Here,  too,  the  matter  of  water  stx>rage  has  received  great  attention, 
there  being  several  large  and  many  small  reservoirs,  capable  of  holding 
in  all  upward  of  a  billion  cubic  feet  of  water.  The  system  of  distn- 
bution  is  intricate  in  the  extreme,  and  to  a  novice  seems  almost  too 
much  so  to  be  practical.  It  has,  in  fact,  given  rise  to  almost 
interminable  disputes  and  litigation,  and  one  of  the  heaviest  items  of 

f  expense  in  the  entire  system  arises  from  this  cause. 

The  reservoir  site  here  considered  embraces  what  are  called  the 
Boyd  Lakes.    No  dam  is  required,  for  when  the  basin  is  filled  to  its 

|l  natural  capacity,  the  storage  will  equal  or  exceed  all  the  supply  that 

can  be  run  into  it. 

The  accompan3ang  map  shows  the  topography  of  the  site,  and  on  it 
is  also  shown  the  customary  diagram  of  areas  and  capacities  for  dif- 
ferent heights  of  water  surface.  From  these  it  appears  that  the  area  of 
the  reservoir  when  full  will  be  1,920.4  acres,  and  its  capacity,  above  the 
present  level  of  the  lower  lake,  will  be  1,992,468,378  cubic  feet,  or 
45,740.7  acre  feet. 

The  outlet  will  be  taken  from  the  side  of  the  higher  lake,  but  will  be 
on  a  level  with  the  surface  of  the  lower  lake,  so  that  the  upper  lake  will 
be  drained  below  its  present  level.  A  cut  will  be  made,  joining  the 
two  lakes  so  as  to  bring  them  to  the  same  level  when  drained  below 
the  present  ridge  that  divides  them. 

The  outlet  will  be  in  the  form  of  a  deep  cut  10  feet  wide  on  the  bot- 
tom, slopes  1^  on  1,  and  a  fall  of  1^  feet  to  the  mile.    This  cut  will  be 
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closed  near  the  head  by  a  masonry  dam  extending  10  feet  below  the 
bottom,  with  a  tongue  of  concrete  extending  10  feet  beneath  this. 
Through  the  wall  will  extend  six  3-foot  cast-iron  pii>es,  operated  by 
ordinary  valves  at  the  lower  ends.  Below  the  gates  the  canal  will  be 
paved  below  the  water  line  for  a  distance  of  500  feet,  and  above  the 
gates  it  will  be  paved  to  the  top  of  the  reservoir  for  a  distance  of  100 
feet. 

To  fill  this  reservoir,  water  will  be  drawn  from  both  the  Cache  d,  la 
Poudre  and  Big  Thompson  rivers.  Although  there  is  apparently  no 
water  in  sight,  over  what  is  already  appropriated,  still  as  a  matter  of 
fact,  it  is  estimated  that  enough  runs  to  waste  in  flood  time  on  these 
two  streams  to  fill  the  reservoir  nearly  every  year.  The  loss  from  evap- 
oration would  be  very  small  from  the  fact  that  the  natural  surface  of 
the  lakes  is  gradually  rising  on  account  of  seepage  into  them  from  irri- 
gated lands.  This  shows  that  seepage  is  enough  to  overcome  the  evap- 
oration at  present  going  on.  It  would  nearly,  if  not  quite,  equal  the 
evaporation  from  the  enlarged  area. 

To  convey  the  surplus  flow  of  the  two  streams  to  this  site,  two  canals 
already  in  existence  could  be  used  by  enlarging  them,  or  entirely  new 
canals  could  be  built.  The  existing  canal  from  the  Big  Thompson  is 
the  Loveland  and  Greeley  Canal;  that  from  the  Cache  ^  la  Poudre  is 
the  Mercer  Canal,  which  would  have  to  be  extended  about  6  miles. 
These  ditches  are  private  property,  with  many  interests  dependent 
upon  them,  and  their  use  by  the  Government  would  be  subject  thereto. 
It  would  be  better  to  have  new  ditches  constructed  exclusively  to  feed 
the  reservoir.  But  there  is  a  grave  objection  to  this  course,  in  that  the 
ditches  would  parallel  others  already  constructed  and  would  encounter 
considerable  obstacles  in  working  along  a  line  already  occupied.  They 
would,  of  course,  have  to  be  above  the  present  ditches  in  order  to  avoid 
the  laterals,  which  occur  every  mile  or  so.  The  total  length  of  new 
canals  would  not  be  less  than  20  miles. 

This  reservoir  site  has  already  been^'appropriated,  but  is  not  likely 
to  be  developed,  and  a  clear  title  could  be  had  for  the  cost  already 
expended  upon  it. 

The  total  cost  of  this  reservoir  is  estimated  as  follows: 

Right  of  way,  2,120.4  acres,  at  $40 $84,816.00 

ExtiDfcniBhrnent  of  present  rigbts 2, 000. 00 

Clearing  of  site 2,000.00 

Cut  between  lakes,  39,331  cnbic  yards,  at  15  cents 5,899.65 

Outlet  cut,  193,662  cnbic  yards,  at  15  cents 29,049.30 

Masonry  of  outlet,  5,404  cubic  yards,  at  $10 54,040.00 

Paving  of  slopes  of  outlet,  3,700  square  yards,  at  $2 7,400.00 

Controlling  valves  and  other  appurtenances 2, 000. 00 

Excavationof  feeders,  303,100  cubic  yards,  at  7  cents 21,217.00 

Two  head  gates  and  dams,  at  $5,000 10,000.00 

218,421.95 
Add  20  per  cent  for  superintendence  and  contingencies 43, 684. 39 

Total  estimate 262,106.34 

This  sum,  divided  by  the  capacity  of  the  reservoir,  45,740.7  acre-feet, 
gives  $5.73  per  acre-foot. 

The  entire  storage  of  this  reservoir,  if  built,  would  find  immediate 
and  profitable  application  upon  lands  in  its  vicinity.  The  reservoir  site 
lies  in  the  heart  of  the  agricultural  section  of  Colorado,  and  nowhere 
else  is  there  a  greater  necessity  for  storage  of  waste  water  of  the 
streams. 
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IX.— CONCLUSIONS  AND  RECOMMENDATIONS  AS  TO  THE  FOREGOINa 

SITES. 

Subject  to  considerations  presented  in  subsequent  portions  of  this 
report,  I  would  offer  the  following  conclusions  and  recommendations  in 
regard  to  the  reservoir  sites  just  described: 

The  accompanying  tables  exhibit  the  cost  of  the  proposed  works  and 
a  comparison  with  the  cost  of  other  similar  works  either  iQ  existence  or 
proposed.  The  first  table  shows  the  cost  per  acre-foot  for  the  full  capac- 
ity of  each  reservoir  regardless  of  the  available  supply.  The  second 
table  shows  the  cost  for  the  supply  at  present  in  sight,  without  future 
enlargement,  and  after  evaporation  has  been  deducted.  The  third 
table  shows  the  cost  of  storage  in  certain  American  reservoirs.  The 
fourth  table  gives  similar  data  in  regard  to  some  prominent  foreign 
reservoirs.    The  fifth  table  relates  only  to  proposed  reservoirs. 

(1)  Cat  of  reservoir  coMtruetion  per  aere-foot,  hosed  on  full  oopooity  of  reservoir. 


Site. 


LMramle 

SweetTrator. . . 
Clond  Peak... 

Piney 

Lake  De  Smet 
South  Platte. . 
Loveland 

ToUl... 


Capacity 

Cost  per 

Inaore- 

Total  ooflt. 

acre- 

Bemarks. 

feet 

foot. 

414,000 

$1,416,254.14 

18.42 

Aflsnmes  that  a  anpply  ontaide  the 
Laramie  of  600  caoio  feet  per 

aecond  can  be  had  at  a  oost  of 

$1,000,000. 

320,066 

276,484.80 

.86 

6,800 

81,048.76 

4.66 

11.020 

70, 226. 26 

6.87 

67,628 

118,110.00 

1.67 

67,211 

640, 000. 00 

8.04 

46,741 

262,106.34 

6.73 

030,866 

2,700.230.28 

a2.88 

a  Mean  for  aeveral  aites. 

(2)  Cost  of  reservoir  construction  per  acre-foot^  hused  upon  annual  supply  immediately  in 

sightf  %D%th  allowance  for  evaporation. 


Site. 

Supply 
acre-feet. 

Total  coat. 

Cost  per 
acre- foot. 

Bemarks. 

Laramie .......  ....^.r. 

46,000 
100,000 

6,800 
11,020 
67,628 
41, 820 

45.741 

$416,264.14 
276,484.80 

31.048.76 

70. 226. 25 

118, 110, 00 

640. 000. 00 

262.106.34 

$8.06 
2.76 

4.66 

6.37 

1.07 

13.07 

6.78 

Sweetwater  . .......... 

This  estimate  is  for  40  per  oent  of  ilov 
of  stream. 

Clond  Peak 

Pinev 

Lake  l)e  Smet......... 

South  Platte. 

Annual  ayailable  supply  baaed  upon 
1886  record. 

Loveland 

Total 

818.600 

1,700,230.28 

a6.37 

a  Mean  for  several  sites. 
(3)  Cost  of  reservoir  construction  per  acre-foot  in  certain  American  reservoirs. 


Name. 


Esoondido,  California 

Cuyamaca,  California 

Pecos  River,  Texas: 

Lower  reservoir 

Upper  reservoir,  or  Lake  McMillan 

Tyler,  Texas 

Sweetwater,  California 

Bear  Valley,  California. 

Cache  4  la  Poudre,  Colorado 

Larimer  and  Weld,  Colorado 

Upper  Mississippi  reservoir  system .... 


Same,  on  basis  of  estimated  average  annual  storage. 


Kind  of  dam. 


AockflU 
Barth... 


...do 

...do 

Hydraulic . . . . 

Masonry 

do 

Dike 

...do 

Timber  and 

earth. 
....do .. . ..■••. 


Capacity, 
acre- feet. 

Cost. 

8,600 

$110,050.00 

U4,766 

050,700.00 

7,000 

86,000.00 

82,640 

170, 000. 00 

17,523 

1,140.00 

22,566 

264,074.00 

40,000 

75,000.00 

6.654 

126,000.00 

7,461 

90,000.00 

2,146,463 

678,842.26 

020,000 

678,848.25 

CottMT 

acre- foot 


$SL44 
8.S7 

12.29 

105 

.08S 

11.70 

1.875 

22.00 

UOO 

.« 


.74 
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(4)  Coii  of  reiorvoir  eoMiruciian  per  acre-foot  in  foreign  re$ervoir$. 


Name. 


Coaxon,  France 

Gonffre  d*Enfer,  France 

Tornay,  France 

lian,  Inrance 

Pasdii  Riot,  France 

Cbartrain,  France 

Lake  Oredon,  France 

Mouclio,  France ' 

Liez,  France 

Waasy,  franoe 

Pataa,  India 

Ekmk,  India 

Sixteen  reaervoirs  in  Bombay 


Kind  of  dam. 


Masonry 

do 

do 

do 

do 

do 

Earth 

do 

do 

do 

do 

BaKli  and  maaonry 


Capacity, 
acre-feet. 


1,297 

1,297 

2,433 

1,499 

1,054 

8,243 

6,894 

7,011 

18,051 

1,740 

325 

78, 175 

335,812 


Coat 


$247, 
318. 
204. 
190, 
256, 
420, 
142, 

1,003, 

698, 

138, 

15, 

859. 

3, 593, 


600.00 
000.00 
372. 00 
000.00 
000.00 
000.00 
000.00 
657.00 
418.00 
942.00 
925.00 
000.00 
932.00 


Coatper 
acre-root. 


$190.00 
245. 00 

84.00 
127.00 
243.00 
129.00 

24.00 
143.00 

46.00 

80.00 

40 
4 


00 
70 


all.  00 


a  Average. 
(5)  Coii  of  reservoir  constmetion  per  acre-foot  in  certain  proposed  reservoirs. 


Name. 


Manache  Meadows,  California 

Lake,  California 

BiffMeadovra,  California 

In  Kiverside  Connty ,  Cal 

Upper  Narrows  M^jave  Biver,  California. 
Alpine,  Cal 


Bio  Verde  System,  Arisona 

Battes,  Arizona 

Queen  Creek,  Arisona 

LitUe  Colorado  River  System,  Arionsa . . 

Book  Creek,  Nevada 

Antero,  Colorado , 

Great  Miami,  Ohio 

Big  Cnyahoga,  Ohio 

Big  Scioto,  Ohio 


Kind  of  dam. 


Bock  All 

do 

do 

Masonry 

do.. 

Natural  basin  and 
dike. 

Bock  fill 

Masonry 

Rock  fill 

Earth  and  rock  All 

KockflU 

Earth 


Capacity, 
acre-feet. 


248.850 
46,600 
81,150 
61,500 

800,000 
6,600 

1,618,093 

207,795 

59,665 

353, 5U0 

80,000 

60.640 

68,870 

66,587 

114.784 


Estimated 
cost. 


$150,000.00 

225,000.00 

80,000.00 

400, 000. 00 

1,742,000.00 

100, 000. 00 


4,000, 

2,244, 

221, 

357, 

80, 

140, 

690, 

600, 

1,600, 


000.00 
000.00 
000.00 
000.00 
000.00 

ooo.oo 

000.00 
000.00 
000.00 


Cost  per 
acre-ioot. 


$0.61 
4.83 
2.57 
6.50 
4.50 

18.00 

2.47 

n.oo 

8.70 
LOO 
1.00 
2.76 

10.00 
9.00 

18.00 


Reservoir  systems  in  the  valleys  of  the  Rhone,  Garonne,  and  Loire  rivers  in  France, 

[Estimates  of  1856.    Never  oonstmcted.  ] 


Name. 


Rhone . . 
Garonne 
Loire 


Capacity, 
acre-feet. 


609,412 
757,575 
418,962 


Estimated 
cost. 


$13,400,000.00 
24. 0(H),  000. 00 
13, 000, 000. 00 


Cost  per 
acre-foot. 


$26.80 
3L68 
8L03 


The  average  aniiaal  cost  of  maintenance  of  well-built  dams  may  be 
placed  at  1  per  cent  of  the  original  cost  of  constmetion. 

The  annual  value  of  an  acre-foot  of  water  will  vary  from  a  minimum 
of  50  cents  in  Wyoming  to  at  least  $3  in  southern  Oalifornia.  It  there- 
fore appears  from  the  above  tables  that  each  of  these  storage  proposi- 
tions stands  on  a  safe  basis,  so  far  as  return  for  the  original  cost  and 
for  future  maintenance  is  concerned.* 

In  the  event  that  Congress  should  favorably  consider  the  project  ol 
developing  any  of  these  sites,  I  would  recommend  that  the  following  be 
first  considered : 

In  Wyoming,  the  sites  on  the  Big  Piney  Eiver. 

In  Colorado,  the  South  Platte  site. 

My  reasons  for  recommending  the  Piney  system  in  Wyoming  for  first 
consideration  are  that  it  is  least  expensive,  is  least  complicate  in  mat- 
ter of  right  of  way,  the  storage  is  now  urgently  needed  for  irrigation. 
and  in  all  other  respects  it  presents  the  fewest  objections  to  successful 
development  of  any  of  the  sites  considered. 

The  Laramie  site  is  an  important  one,  but  it  would  be  well  to  make 

«8ee  further,  Sec.  XVIII  of  this  Kej^ort,  ''Maguitude  and  cost  of  work.'' 
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some  borings  along  the  line  of  the  ontlet  and  investigate  more  fiilly  Qie 
question  of  additional  supply  over  that  to  be  derived  from  the  Laramie 
Biver  before  the  work  of  construction  should  actaally  begin.  Witb  an 
important  additional  supply  the  project  will  be  a  most  advantageous 
one;  without  it,  a  less  expensive  site  can  probably  be  found  elsewhere 
in  the  Laramie  Yalley  which  will  take  care  of  the  surplus  of  that  stream. 
The  Sweetwater  site  is  one  of  extraordinary  advantages,  and  wonld 
be  recommended  for  first  consideration  were  it  not  that  the  storage  is 
not  immediately  needed  for  irrigation.  As  a  reservoir  proxK)8ition,  it 
is  without  equal  in  any  other  site  that  I  know  of,  and  its  early  develop- 
ment will  save  a  great  addition  to  the  future  cost  of  construction. 

I  recommend  the  South  Platte  site  in  Colorado  in  preference  to  the 
Loveland  site,  because  it  is  less  complicated  with  existing  rights.  To 
fill  the  Loveland  reservoir  will  require  two  ditches,  or  feeders,  aggre- 
gating 20  miles  in  length — one  from  the  Cache  ^  la  Poudre  Biver  and 
one  from  the  Big  Thompson  Biver.  Existing  canals  could  be  used  for 
most  of  this  distance,  but  that  would  require  Government  partnership 
with  private  individuals  in  the  management  and  control  of  the  caoal 
and  would  lead  to  certain  misunderstanding.  If  new  canals  are  built, 
they  would  meet  with  many  similar  difficulties  in  crossing  laterals  and 
other  existing  works.  The  water  in  the  streams  being  practically  sD 
appropriated,  although  not  all  used,  new  complications  would  doubtless 
be  encountered  at  the  head  gates.  It  can  not  be  considered  expedient 
for  the  Government  to  enter  upon  any  work  of  this  character  where 
absolute  and  undivided  control  can  not  be  secured.  This  reservoir  site 
is  in  every  way  an  advantageous  one  as  a  simple  storage  proposition. 
The  water  is  all  needed  and  has  a  value  in  this  locality  far  above  the 
average.  I  have  been  credibly  informed  that  the  conditions  surround- 
ing it  make  it  difficult  for  private  individuals  or  a  company  to  develop 
it  and  secure  the  legitimate  fruits  of  their  investment  and  that  the  work 
is  in  every  sense  one  that  ought  to  be  done  by  the  puolic.  But  it  never- 
theless must  be  considered  a  doubtful  project  for  the  Government  to 
embark  in.  There  are  other  similar  sites  farther  down  the  valley  of  the 
South  Platte  which  doubtless  possess  all  the  advantages  of  this  one, 
without  its  complications,  and  would  probably  form  meritorious  proj- 
ects. Two  of  these  were  brought  to  my  attention,  but  too  late  for  me 
to  examine  them. 

The  South  Platte  site  is  also  to  some  extent  complicated  with  exist- 
ing rights,  but  in  no  sense  to  the  extent  of  the  Loveland  site.  Thej 
are  rights  in  future  entirely,  practically  nothing  having  been  done  to 
develop  them.  Once  relinquished  to  the  Government,  there  are  so 
contiguous  interests,  as  in  the  Loveland  site,  which  must  always  be 
reckoned  with.  Although  it  is  not  so  simple  a  case  as  the  Piney  site 
in  Wyoming,  still  I  am  of  opinion  that  no  serious  obstacles  wotdd  be 
encountered  in  securing  lull  rights  to  the  site. 

Should  the  Government  take  active  steps  in  accordance  with  the 
above  recommendations,  I  should  further  recommmend  a  first  app^ 
priation  of  $100,000  for  the  Piney  system  and  9200,000  for  the  Sootii 
Platte  site.  For  the  Piney  system  this  would  permit  the  construction 
of  the  Cloud  Peak  and  Piney  reservoirs  and  the  acquisition  of  the 
Lake  De  Smet  site.  For  the  South  Platte  site,  the  amount  recommeDded 
would  provide  for  the  acquisition  and  clearing  of  the  site,  the  constraC' 
tion  of  a  road  thereto,  the  assembling  of  the  plant,  the  constractioa 
of  the  outlet  works,  and  the  building  of  the  main  part  of  the  dam  to 
the  height  of  40  or  50  feet. 

The  entire  construction  of  both  the  Piney  and  Cloud  Peak  reservoirs 
should  not  take  more  than  three  y^ars. 
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X.— THE  FUNCTION  OP  RESERVOIRS. 

The  provision  of  the  river  and  harbor  aot  directing  this  investigation 
requires,  among  other  things,  a  report  upon  the  desirability  of  reservoir 
construction  for  certain  general  purposes.  It  is  important,  therefore,  to 
examine  into  the  nature  of  these  purposes  and  to  inquire  what  the  true 
function  of  a  reservoir  is. 

In  no  other  portion  of  her  works  has  nature  left  so  much  to  be  done 
by  the  engineer  to  supplement  her  deficiencies  as  in  the  modification 
of  the  natural  flow  of  her  streams,  for  in  no  other  respect  are  her  works 
60  ill  adapted  to  the  uses  of  man.  The  ideal  stream  would  be  one  in 
which  the  flow  should  be  uniform  from  one  year's  end  to  the  other,  or, 
if  not  uniform,  varying  directly  with  the  magnitude  of  the  uses  to  which 
it  is  put.  Nature  presents  no  perfect  example  of  this  ideal,  and  in  only 
one  important  instance  does  she  closely  approach  it.  The  flow  of  her 
streams  is  subject  to  the  most  radical  variations,  the  maximum  discharge 
of  the  larger  ones  often  being  as  much  as  thirty  times  the  minimum, 
while  in  the  smaller  streams  the  ratio  is  much  greater.  These  irregu- 
larities of  flow  have  no  economical  relation  to  commercial  or  other  uses 
of  the  stream.  In  the  autumn  season,  when  crops  are  being  moved 
and  thedemand  for  transportation  facilities  is  at  a  maximum,  the  streams 
are  in  their  lowest  stage  and  their  navigation  subject  to  the  most  serious 
interruption  of  the  entire  year.  In  regions  dependent  upon  the  flow  of 
the  streams  for  agricultural  development  high  water  occurs  at  such 
times  and  in  such  magnitude  that  it  can  not  nearly  all  be  used.  The 
result  is  that  millions  of  acres  of  fertile  land  remain  in  a  desert  condition 
where  they  might  be  made  productive  if  only  the  waste  water  could  be 
utilized.  In  fact,  aU  enterprises  dependent  upon  the  use  of  running 
water  are  liable  to  interruptions  and  suspension  for  indefinite  and 
irregular  periods,  and  the  benefits  which  come  from  uniform  and  con- 
tinuous use  are  not  to  be  expected  from  them. 

The  most  formidable  evils  arising  from  this  variable  condition  of  nat- 
ural streams  are  experienced  in  the  deficiency  period,  but  the  period  of 
excess  has  likewise  great  disadvantages.  It  not  only  comes  at  a  time 
when  ordinarily  there  is  least  need  of  it,  but  it  not  infrequently  brings 
with  it  appalling  disasters.  Among  the  most  calamitous  of  natural 
visitations,  considering  their  frequency  and  general  distribution,  are 
great  floods.  They  hold  the  record  even  above  earthquakes  and  storms. 
They  mark  the  history  of  nearly  every  stream,  great  or  small,  and  the 
loss  of  life  and  property  from  this  cause,  in  the  history  of  the  past, 
transcends  calculation. 

It  is  not  surprising,  therefore,  that  one  of  the  chief  concerns  of  the 
engineer  is  the  amelioration  or  prevention  of  the  evils  of  this  unfortu- 
nate arrangement  of  nature.  Millions  of  dollars  are  annually  expended 
to  make  up  for  the  deficiency  of  water  in  seasons  of  drought,  and  like 
sums  to  prevent  or  alleviate  the  evils  of  excessive  flow.  Singularly 
enough,  the  measures  generally  adopted  are  put  forward  in  disregard 
of  one  of  the  commonest  rules  of  scientific  practice.  If  an  evil  condi- 
tion of  things  is  to  be  corrected,  the  rational  method  of  procedure  is  to 
remove  the  cause.  In  all  river  engineering,  however,  the  measures 
adopted  look  only  to  the  palliation  of  results,  and  leave  the  cause 
untouched.  Biver  channels  are  dredged  out  in  low  water,  and  levees 
are  built  to  protect  from  floods  in  high  water.  Scarcely  anywhere  is 
tiie  effort  made  to  prevent  the  occurrence  of  either  high  or  low  water. 
It  would  naturally  follow  that,  if  great  evils  result  from  the  variable 
flow  of  streams,  the  primary  and  fundamental  object  of  the  engineer 
who  is  dJled  upon  to  correct  them  would  be  to  make  this  flow  uiuform. 
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Whether  or  not  this  object  is  possible  of  realizatioii  (and  if  it  is,  by  what 
means)  is  therefore  one  of  the  first  questions  which  should  be  settled  in 
any  comprehensive  project  for  the  regulation  of  the  flow  of  streams. 

Inasmuch  as  human  agency  can  exercise  no  appreciable  influence 
over  those  climatic  conditions  upon  which  variations  of  stream  flow 
depend,  such  as  the  precipitation  of  moisture  and  the  melting  of  snow, 
it  is  evident  that  the  ultimate  causes  of  the  evil  conditions  just  described 
must  ever  elude  the  efforts  of  man  to  control  them.  The  sources  of  the 
streams  are  clearly  destined  to  remain  as  variable  in  the  future  as  in 
the  past.  The  only  possible  method  by  which  uniformity  of  flow  can 
be  secured  must  therefore  be  by  storing  the  surplus  waters  in  seasons 
of  flood  and  releasing  them  in  seasons  of  drought.  The  agencies 
employed  for  this  purpose  are  called  reservoirs  (Latin  reservarej  to 
keep  back). 

There  is  an  additional  motive  for  the  use  of  reservoirs  besides  that  of 
securing  uniformity  of  flow.  Over  a  large  portion  of  the  land  area 
of  the  earth  in  civilized  countries  the  climate  of  winter  prevents  any 
considerable  use  of  the  streams.  Even  if  the  flow  were  entirely  uni- 
form, that  portion  which  takes  place  in  the  season  of  cold  weather  would 
mostly  be  lost.  To  derive  any  benefit  from  it,  it  must  be  stored  and 
held  over  for  the  season  of  warm  weather. 

These  two  purposes,  viz,  the  attainment  of  uniformity  of  stream  flow 
and  the  transfer  of  the  winter  supply  to  the  summer  months  cover  the 
entire  argument  for  reservoir  construction.  Even  reservoirs  built  for 
city  supply,  milling  purposes  and  the  like,  which  seem  but  little  related 
to  regularity  of  stream  flow  are  in  reality  caused  directly  by  it,  for  if 
streams  were  uniform  in  flow  the  supply  might  as  well  be  taken  directly 
from  them  without  the  intervention  of  reservoirs. 

At  first  thought  it  would  seem  that  in  storage  reservoirs  lies  the 
whole  solution  of  the  river  problem.  To  store  the  surplus  in  flood  sea- 
son and  use  it  in  the  season  of  drought  ought  apparently  to  strike  at 
the  root  of  the  whole  difficulty,  and  to  render  unnecessary  those  pallia- 
tive measures  which  alone  have  hitherto  received  the  sanction  of  the 
hydraulic  engineer.  Why  so  obvious  a  remedy  has  never  yet  been 
extensively  applied  will  appear  in  the  course  of  this  report. 

XI.— NATURAL  RESERVOIRS. 

Nature  presents  abundant  examples  of  the  effective  control  of  stream 
flow  through  the  agency  of  reservoirs.  There  are  indeed  comparatively 
few  streams  whose  flow  is  wholly  uninfluenced  by  such  action.  The  most 
perfect  example  in  the  world,  both  as  to  the  magnitude  of  the  stream 
and  the  completeness  of  control,  is  the  St.  Lawrence  Eiver,  embracing 
the  great  chain  of  North  American  lakes.  Considering  only  that  por- 
tion of  the  system  which  lies  above  the  Falls  of  Niagara,  let  the  flow 
at  the  outlet  be  compared  with  that  of  other  streams  of  similar  magni- 
tude. For  this  purpose  take  the  Niagara  liiver  at  Buflalo,  the  Ohio 
at  Paducah,  Ky.,  the  Missouri  at  its  mouth,  and  the  Mississippi  just 
above  the  mouth  of  the  Missouri.  The  following  table  gives  the  area 
of  watershed  in  square  miles  and  the  mean  annual  discharge  in  cubic 
feet  per  second  of  each : 
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The  above  discharge  for  the  Niagara  Biver  is  based  upon  25  years' 
record  (1871-1805);  that  for  the  Ohio  and  Upper  Mississippi  upon  six 
years'  record  (1880-1885),  and  that  for  the  Missouri  upon  twelve 
years'  record  (1879-1890). 

The  accompanying  diagram  exhibits  graphically  the  variations  of  flow 
in  these  streams  for  the  period  of  a  single  year  (1883).  The  curves 
representonly  monthly  means.  The  maximum  and  minimum  discharges, 
except  for  Niagara,  show  a  much  greater  divergence,  the  ratios 
maximum  discharge )  -     . ,      ,  ,    .  -  „ 

minimum  discharge  }  ^^^  *^^  *^^^^  ^^^  *^®"^^  ^  ^^"^^«- 

Niagara,*  1.19;  Ohio,  28.22;  Missouri,  29;  and  Upper  Mississippi, 
10.29. 

This  striking  dissimilarity  in  the  regimen  of  streams  of  similar  mag- 
nitude and,  with  one  exception,  of  simUar  climatic  conditions  is  entirely 
due,  of  course,  to  the  reservoir  action  of  the  Great  Lakes.  Of  that 
X>ortion  of  the  St.  Lawrence  drainage  basin  which  lies  above  Niagara 
Falls,  viz,  265,095  square  miles,  87,400  square  miles,  or  almost  one- 
third,  is  made  up  of  the  water  surfaces  of  lakes  Superior,  Michigan, 
Huron,  and  Erie.  One  foot  upon  this  immense  area  represents  2,436,- 
000,000,000  cubic  feet — greater  than  the  excess  of  the  late  Mississippi 
fiiver  flood  at  Oairo  above  the  bankful  stage. 

The  mean  annual  fluctuation  of  Lake  Superior,  based  upon  twenty- 
five  years'  observations  (1871-1895),  is  0.93  foot;  of  Lakes  Michigan 
and  Huron,  1  foot;  of  Lake  Erie,  1.16  feet.  This  fluctuation  repre- 
sents an  annual  storage  of  2,419,000,000,000  cubic  feet  of  water,  equiv- 
alent to  about  153,000  cubic  feet  per  second  for  a  period  of  six  months. 
The  maximum  annual  fluctuation  during  the  above  period  is  just  about 
twice  the  above  mean  and  of  course  represents  twice  as  much  water 
stored. 

In  addition  to  the  annual  fluctuation,  there  is  constantly  going  on  a 
periodic  change  which  often  requires  several  years  to  complete  the 
cycle.  As  an  illustration  of  this  characteristic  of  the  Great  Lakes,  take 
the  period  of  eight  years  from  1872  te  1879,  inclusive,  during  which  the 
mean  annual  level  of  the  four  upper  lakes  rose  for  a  period  of  four  years 
and  fell  during  the  following  three  years.  The  rise  in  mean  level  was, 
for  Lake  Superior,  1.03  feet;  for  lakes  Michigan  and  Huron,  2.02  feet, 
and  for  Lake  Erie,  1.97  feet.  The  tetal  storage  represented  by  this  rise 
of  mean  level  was  4,000.000,000,000  cubic  feet.  The  fall  in  mean  level 
following  the  rise  was,  lor  Lake  Superior,  1.63  feet;  for  lakes  Michigan 
and  Huron,  1.46  feet,  and  for  Lake  Erie,  1.17  feet — equivalent  to 
3,627,000,000,000  cubic  feet.  After  this  fall  the  mean  level  began  to 
rise  again. 

The  foregoing  figures  convey  some  faint  idea  of  the  magnitude  of  the 
storage  of  the  Great  Lakes,  and  of  the  way  in  which  it  operates  to 
preserve  a  balance  not  only  between  the  wet  and  dry  seasons  of  each 
year,  but  between  those  cycles  of  wet  and  dry  years  which  are  continu- 
ally recurring.  These  reservoirs  absorb  the  flood  waters  of  spring  and 
pay  them  out  in  the  following  dry  season,  thus  preventing  floods  on 
the  one  hand  and  low  water  on  the  other.  And  while  these  seasonal 
changes  are  going  on  the  lakes  respond  to  the  varying  conditions  of 

*There  are  irregular  flactnatioxiB  of  short  duration,  but  of  considerable  magnitude 
in  the  discharge  of  the  Niagara  River,  due  to  wind  storms  on  Lake  Erie.  Tney  are 
not  taken  into  consideration  here  for  the  reason  that  they  arise  from  causes  which 
do  not  operate  on  the  other  rivers  and  which  have  no  connection  with  the  purpose 
of  the  above  comparison. 
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longer  periods,  levying  apon  years  of  more  than  average  precipitation 
in  order  to  maintain  a  flow  in  the  oatlets  daring  the  years  of  deficiency 
which  are  certain  to  follow. 

The  result  of  this  storage  action  of  the  Great  Lakes  is  to  produce  a 
river  system  radically  different  in  its  general  characteristics  from  nearly 
all  other  streams.  Snch  conditions  as  high  and  low  water,  as  elsewhere 
understood,  are  here  entirely  unknown.  Commerce  pursues  its  way 
through  these  lakes  and  rivers  without  serious  hindrance  except  when 
ice  closes  the  way;  and  the  river  and  harbor  engineer  has  little  to  do 
with  low  water  problems  or  protection  against  floods,  but  rather  wi^ 
the  deepening  of  harbors  and  connecting  channels  for  an  ever- increas- 
ing size  of  vessels  and  volume  of  commerce. 

The  vital  function  which  the  fluctuation  of  levels,  both  annual  and 
cyclic,  plays  in  the  economy  of  the  Great  Lakes  is  doubtless  not  generally 
appreciated  even  by  the  engineering  profession.  Only  recently  dis- 
tinguished engineers  have  boldly  asserted  that  this  fluctuation  of  levels 
is  an  evil  which  must  not  be  suffered  to  continue,  and  they  have  pro- 
posed plans  by  which  it  may  be  corrected.  Yet  nothing  is  more  certain 
than  that  any  curtailment  whatever  of  these  fluctuations,  either  annual 
or  cyclic,  can  be  accomplished  only  by  a  corresponding  curtailment  at 
certain  seasons  of  the  discharge  of  the  lake  outlets.  How  far  this  can 
be  done  without  injury  to  public  interests  is  the  real  point  at  issue  in 
the  lake  level  question. 

Besides  the  Great  Lakes  of  the  St.  Lawrence  Basin,  there  are  many 
other  natural  reservoirs  in  various  parts  of  the  world.  In  order  to  convey 
some  idea  of  their  geographical  distribution,  magnitude,  and  regulatiug 
influence  upon  stream  flow^  the  following  list  of  the  more  prominent 
examples  is  presented: 
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The  moderating  inflaence  of  any  of  these  lakes  apon  the  streams 
below  them  is,  of  coarse,  very  great.  Lake  Geneva,  for  example,  in 
the  great  flood  of  1850  discharged  only  11,400  cabic  feet  per  second 
at  the  maximum,  as  against  56,480  cubic  feet  which  it  was  receiving 
from  its  watershed. 

In  Italy  the  lakes  on  several  of  the  northern  tributaries  of  the  Po 
have  long  been  noted  for  the  control  which  they  exercise  over  the 
streams  flowing  through  them.  The  violent  and  destructive  floods 
which  are  characteristic  of  other  tributaries  of  the  Po  are  largely  absent 
from  those  streams  which  flow  through  the  lakes. 

The  flow  of  the  Ehine  in  its  upper  source  is  said  to  be  subject  to 
much  less  variation  than  other  streams  similarly  conditioned  except  as 
to  natural  reservoirs. 

In  1892  there  occurred  one  of  the  most  disasti*ous  floods  that  ever 
took  place  in  the  region  about  the  sources  of  the  Missouri  and  Yellow- 
stone rivers.  The  destruction  along  some  of  the  streams  was  very 
great.  Eoads  and  railroads  were  washed  away,  bridges  destroyed,  and 
much  other  damage  done.  But  the  Yellowstone  Eiver  below  the  lake 
rose  only  a  few  feet,  and  that  so  gradually  as  to  give  timely  notice  of 
any  possible  damage. 

There  are  many  thousands  of  other  lakes  scattered  over  the  globe 
that  act  as  regulators  of  the  streams  which  drain  them,  their  efficiency 
in  this  respect  being  proportional  to  the  percentage  which  their  areas 
bear  to  the  tributary  watersheds.  Certain  it  is  that  the  aggregate 
influence  of  these  reservoirs  is  very  great,  and  the  striking  difference 
often  noted  in  the  characteristics  of  the  flow  of  streams  with  similar 
watersheds  may  largely  be  traced  to  this  cause.  Take,  for  example, 
the  figures  already  quoted  giving  the  ratios  between  high  and  low  water 
on  the  Ohio,  Missouri,  and  Upper  Mississippi  rivers  for  1883,  and  also 
the  corresponding  ratios  for  the  mean  of  the  six  years  1880-1885.  These 
ratios  are:  For  1883,  Ohio  28.2,  Missouri  29,  Mississippi  10.3;  for  1881- 
1885,  Ohio  21.7,  Missouri  18.4,  Mississippi  9.3. 

The  Upper  Mississippi  watershed  lies  between  those  of  the  Ohio  and 
the  Missouri,  and  the  climatic  conditions  which  prevail  there  ought  to 
partake  somewhat  of  those  which  prevail  on  each  side.  At  any  rate, 
it  is  impossible  to  suppose  any  such  pronounced-  difference  as  would 
account  for  the  above  difference  in  ratio.  The  high- water  discharge 
in  the  Ohio  and  Missouri  often  amounts  to  nearly  thirty  times  the  low- 
water  discharge,  while  the  mean  ratio  for  a  series  of  years  is  abont 
twenty.  For  the  Upper  Mississippi  the  figures  are  only  10.3  and  9.3. 
!No  explanation  of  this  fact  seems  so  reasonable  as  that  which  attributes 
it  to  the  moderating  influence  of  the  great  number  of  natural  lakes 
upon  the  head  waters  of  this  stream. 

Xn.— ARTIFICIAL  RESERVOIRS. 

While  it  is  impracticable,  for  reasons  stated  farther  on,  to  imitate 
nature  on  the  scale  of  her  own  work  in  the  construction  of  reservoirs, 
her  example  has  nevertheless  been  followed  very  extensively  on  a 
smaller  scale.  In  fact,  works  of  this  character  have  been  built  for  a 
variety  of  purposes  since  the  remotest  antiquity.  The  storage  of  water 
for  feeding  canals  is  a  prominent  example.  The  greatest  reservoir 
systems  yet  constructed  have  been  designed  to  m^aintain  the  navigable 
condition  of  natural  waterways.  Many  reservoirs  have  had  as  a 
prominent  reason  for  their  construction  the  prevention  of  floods  in  the 
valleys  below  them,  although  tMs  has  seldom  if  ever  been  an  exclusive 
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reason.  Storage  of  water  for  city  supply,  the  development  of  power, 
and  other  industrial  uses  is  one  of  the  most  familiar  of  modern  enter- 
prises. Finally  the  field  of  irrigation,  which  already  presents  many 
examples  of  great  reservoirs,  bids  fair  to  outstrip  all  other  fields  in  the 
production  of  works  of  this  character.  In  all  these  examples  of  reser- 
voir construction  the  purpose  has  been  to  correct  the  ineqaalities  of 
nature— to  prevent  the  rapid  and  destructive  flow  of  rivers  at  seasons 
when  not  needed  and  to  augment  and  reenforce  that  flow  when  the 
need  does  exist. 

One  of  the  most  extensive  artificial  systems  ever  built  is  to  be  found 
in  Russia  at  the  head  waters  of  the  Volga  and  Msta  rivers.  The  Volga 
River,  the  greatest  in  Europe,  2,326  miles  long,  and  navigable  nearly 
its  whole  length,  rises  in  the  Province  of  Tver,  within  200  miles  of  St 
Petersburg,  and  empties  into  the  Caspian  Sea  in  the  opposite  extremity 
of  European  Russia.  The  Msta  River  has  its  sources  interlaced  with 
those  of  the  Volga,  but  flows  in  the  opposite  direction,  and  its  waters 
find  their  way,  through  the  Volkhoff  River,  to  Lake  Ladoga,  and  ulti- 
mately to  the  Baltic  Sea. 

The  sources  of  the  Volga  and  Msta  are  in  a  flat,  marshy,  wooded 
country,  about  665  feet  above  sea  level,  covered  with  innumerable  lakes, 
presenting  conditions  not  unlike  those  which  prevail  at  the  sources  of 
the  Mississippi  River  in  our  own  country.  For  a  long  period  in  the  past 
these  two  river  systems  were  connected  by  artificial  waterways,  and  the 
seaport  of  the  upper  Volga  was  upon  the  Baltic.  The  extreme  low 
water  which  is  characteristic  of  the  Volga  and  other  Russian  streams 
prevents  navigation  in  their  natural  condition  except  in  seasons  of 
high  water.  To  ameliorate  this  condition,  advantage  was  early  taken 
of  the  exceptional  reservoir  facilities  offered  by  the  lakes  referred  to, 
and  dams  of  a  cheap  character  were  constructed  across  their  outlets. 
The  reservoir  system  has  now  been  developed  to  great  perfection  and 
effects  an  important  improvement  both  in  the  Volga  and  the  Msta,  ren- 
dering them  navigable  for  nearly  three  months  longer  than  they  would 
be  without  this  aid. 

These  reservoirs  store  about  35,000,000,000  cubic  feet  of  water  in  all, 
of  which  20,000,000,000  can  be  used  in  the  Volga  and  20,000,000,000  can 
be  turned  in  the  other  direction,  there  being  apparently  a  storage  of 
about  five  or  six  billions  that  can  be  used  in  either  direction.  The 
largest  and  most  important  of  these  reservoirs,  and  one  of  the  largest 
in  the  world  in  point  of  capacity,  although  insignificant  in  depth  and 
containing  dam,  is  the  Verkhnevoljsky  Reservoir.  So  slight  is  the  fall 
of  the  stream  in  this  region  that,  although  the  dam  produces  a  maximum 
elevation  of  water  surface  at  its  site  of  only  about  17.5  feet,  the  water 
backs  up  a  distance  of  about  60  miles  and  includes  several  lakes.  The 
low-water  season  capacity  of  this  reservoir  is  about  14,000,000,000  cubic 
feet,  and  the  average  season  storage  is  much  greater.  Its  effect  upon 
the  low- water  flow  of  the  river  below  the  dam  is  to  raise  its  normal 
surface  2.8  feet  at  Rjef,  96  miles  below;  1.4  feet  at  Tver,  the  mouth  of 
the  Tvertsa,  212  miles  below,  and  0.14  feet  at  410  miles  below.  ^At  the 
mouth  of  the  Tvertsa  the  storage  of  the  Zavodsky  Reservoir  comes  in 
and  helps  out  the  navigation  below.  The  total  navigable  distance  on 
the  Volga  over  which  the  beneficial  influence  of  these  reservoirs  is  felt 
is  upward  of  450  miles. 

On  the  Msta  slope  there  are  no  fewer  than  10  important  reservoirs,  all 
of  them  being  on  the  sites  of  natural  lakes,  the  total  storage  aggregating 
about  14,000,000,000  cubic  feet  As  already  stated,  about  6,000,000,000 
cubic  feet  of  storage  which  really  lies  on  the  Volga  slope,  including  the 
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Zavodsky  reservoir,  formerly  was  and  still  can  be  turned  into  the 
Baltic  drainage.  This  entire  system  of  summit  reservoirs  that  can  be 
used  to  feed  the  Msta  is  called  the  Yychnevolotsky  system.  It  affords 
material  improvement  to  the  navigable  condition  of  Msta  and  Yolkhoff 
rivers  duriug  the  period  of  low  water. 

The  system  of  reservoirs  just  described  is  certainly  a  great  success, 
and  upon  it  much  of  the  prosperity  of  tbe  surrounding  country  depends. 
It  is  probably  the  most  complete  example  in  the  world  of  tbe  joint 
results  of  flood  prevention  and  the  improvement  of  navigation  produced 
by  artificial  reservoirs.  It  has  an  importance,  however,  which  it  could 
not  have  in  this  country,  even  with  equal  physical  advantages,  for  rail- 
roads here  do  a  far  greater  proportion  of  the  transportation  business 
tban  in  Eussia.  But  the  example  shows  how  far  favorable  natural  con- 
ditions can  be  made  to  improve  the  low- water  conditions  of  streams. 

The  largest  artificial  reservoir  system  ever  yet  constructed  is  that  at 
the  head  waters  of  the  Mississippi  Eiver.  The  natural  conditions  pre- 
vailing in  that  region  are  very  similar  to  those  in  Eussia  just  described. 
The  country  about  the  sources  of  the  Mississippi,  where  the  reservoirs 
are  constructed,  is  about  1,200  feet  above  sea  level.  It  is  dotted  with 
an  immense  number  of  lakes,  the  total  number  having  been  estimated 
as  high  as  a  thousand.  Some  of  the  larger  of  these  lakes  afibrd  excep- 
tionally favorable  opportunities  for  the  inexpensive  storage  of  water. 
The  dams  required  are  low  structures,  but  the  area  over  which  the 
water  is  raised  by  them  is  so  extensive,  that  the  cost  per  unit  of  volume 
stored  is  probably  the  smallest  ever  yet  realized. 

These  remarkably  favorable  natural  conditions  for  the  storage  of 
water  have  long  attracted  public  attention  and  were  made  the  subject 
of  an  able  official  report  by  Gen.  G.  K.  Warren  as  early  as  1870. 
Exhaustive  surveys  followed  at  a  later  date,  and  in  1881  actual  construc- 
tion was  begun.  Up  to  the  present  date  there  have  been  constructed 
five  reservoirs,  with  an  aggregate  capacity  of  93,400,000,000  cubic  feet, 
at  a  total  cost  of  (678,302.25.1 

The  average  annual  storage  of  these  reservoirs  is  estimated  at  about 
40,000,000,000  cubic  feet,  equivalent  to  about  5,200  cubic  feet  per  second 
for  a  period  of  ninety  days.  This  supply  is  estimated  to  increase  the 
gauge  height  at  low  water  at  St.  Paul,  357  miles  below,  from  1  to  2  feet. 

The  original  investigations,  embracing  the  States  of  Minnesota  and 
Wisconsin,  indicated  a  practicable  storage  in  Minnesota  of  95,000,- 
000,000  cubic  feet,  and  in  Wisconsin  of  79,000,000,000  cubic  feet,  or  a 
total  in  the  two  States  of  174,000,000,000  cubic  feet.  There  is  probably 
little  doubt  that  the  system  could  be  extended  so  as  to  secure  a  storage 
of  150,000,000,000  cubic  feet  in  tbe  two  States,  an  equivalent  of  about 
20,000  cubic  feet  per  second  for  ninety  days.  From  the  results  already 
obtained,  it  is  probable  that  this  storage  would  not  cost  above  $2  per 
acre-foot.  The  effect  upon  the  navigable  stage  of  the  river  would,  of 
course,  vary  with  the  locality  considered,  and  would  diminish  rapidly 
with  the  distance  downstream.  But  considering  that  such  an  improve- 
ment is  of  the  most  permanent  character,  depending  only  upon  the  main- 
tenance of  the  dams  for  its  perpetuity,  the  above  cost  can  not  be 
considered  excessive  when  compared  with  the  vast  outlay  for  the  mere 
temporary  improvement  of  these  rivers  by  present  methods.  A  per- 
manent increment  of  from  ten  to  twenty  thousand  cubic  feet  per  second 
to  the  low-water  stage  of  even  so  large  a  stream  as  the  Mississippi 
Elver  is  not  to  be  passed  over  as  a  matter  of  small  importance. 
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The  Volga  and  the  Mississippi  rivers  constitate  the  only  two  system 
of  artificial  reservoirs  yet  constructed,  and  the  only  ones  designed  to 
improve  the  navigable  condition  of  streams  in  their  natural  condition. 

The  construction  of  reservoirs  to  feed  artificial  waterways  has  been 
resorted  to  extensively,  particularly  in  France,  and  to  a  considerable 
extent  in  this  country.  Inasmuch  as  the  expenditure  of  water  in  canals 
is  a  matter  of  very  exact  determination,  the  storage  required  for  this 
purpose  can  generally  be  estimated  with  great  definiteness. 

The  construction  of  reservoirs  for  municipal  purposes  is  too  oommon 
a  matter  to  require  particular  mention.  It  is  sufficient  to  say  that 
nearly  every  cit^*  in  the  world  of  above  100,000  population  has  storage 
facilities  of  greater  or  less  extent  to  help  out  its  water  supply. 

The  principal  development  of  storage  reservoirs  for  irrigation  pur- 
poses has  taken  place  in  Spain,  in  France  and  Algiers,  in  India,  and  in 
the  United  States.  As  already  stated,  the  future  extension  of  this  class 
of  storage  works,  particularly  in  our  own  country,  promises  to  outstrip 
all  others. 

For  such  industrial  purposes  as  the  operation  of  factories  and  the 
like  many  reservoirs  have  been  constructed  both  in  France  and  in  this 
country.  They  are  generally  of  small  capacity,  very  costiy  i)er  unit  of 
water  stored,  but  profitable  on  account  of  the  great  use  made  of  the 
water.  Some  of  these  reservoirs  serve  an  important  purpose  in  pro- 
tecting the  valleys  below  from  floods. 

Xin.— RESERVOIRS  AND  FLOOD  PREVENTION. 

Every  reservoir  built  along  the  course  of  a  stream  is,  to  some  degree, 
a  protection  against  floods  in  the  valley  below.  The  extent  of  this  pro- 
tection depends,  of  course,  almost  entirely  on  the  ratio  of  its  capacity 
to  the  flood  discharge.  A  reservoir  that  can  store  the  entire  flow  of  a 
stream — as,  for  example,  the  proposed  reservoir  on  the  Sweetwater— is 
an  absolute  protection  against  floods  for  a  considerable  distance  below. 
It  is  difficult  to  propose  any  general  rule  for  the  extent  of  this  control, 
but,  assuming  a  general  similarity  of  watershed,  it  would  seem  not 
unreasonable  to  say  that  it  ought  to  be  decisive  to  at  least  such  a  dis- 
tance below  as  will  give  an  additional  watershed  to  a  stream  equal  to 
twice  that  above  the  reservoir.  This  is  simply  saying  that,  in  the  gen- 
eral case,  the  reduction  of  a  flood  wave  by  one- third  of  its  volume  will 
rob  it  of  its  destructive  character. 

But  in  a  great  many  cases  this  control  extends  very  much  farther. 
For  example,  in  the  case  of  a  flood  caused  by  the  rapid  melting  of  snows 
in  the  mountains,  reservoirs  below  which  can  impound  this  flood  will 
protect  the  entire  valley  so  far  as  its  destructive  influence  would  other- 
wise have  reached.  When  it  is  remembered  that  the  volume  of  a 
destructive  flood  is  only  a  part — probably  always  less  than  half— of  the 
total  flow  of  a  year,  it  will  be  admitted  that  a  storage  capacity  eqnal  to 
one-fourth  of  the  runofl',  well  distributed  throughout  a  watershed,  will 
practically  eliminate  the  evil  effects  of  floods  in  its  streams.  This  is  the 
percentage  shown  farther  on  to  be  sufficient  for  the  purposes  of  irri^* 
tion.    (See  page  60.) 

It  is  not  necessary,  though  important,  that  a  reservoir  shoald  b^ 
empty  when  a  flood  comes.  Even  if  full,  it  still  moderates  the  flow  af 
the  stream  below,  the  effect  varying  directly  with  the  superficial  a^ 
of  the  reservoir  when  full,  and  inversely  with  the  capacity  of  the  spill- 
way.   In  this  respect  it  acts  precisely  as  does  a  natural  lake.  f<>' 
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example,  if  the  spillway  of  a  reservoir  or  the  outlet  of  a  nataral  lake  be 
of  sach  dimensions  as  to  require  a  considerable  increase  in  the  depth  of 
water  to  give  much  of  an  increase  of  discharge,  every  increment  of  this 
depth  of  outlet  means  also  an  increment  of  the  same  depth  over  the 
entire  reservoir.  A  flood  passing  such  a  reservoir  will  be  reduced  by 
the  storage  resulting  from  this  increment,  and  before  it  can  produce  a 
full  discharge  it  must  fill  the  reservoir  to  the  necessary  height  above 
the  bottom  of  the  spillway.  A  large  reservoir  is,  therefore,  even  when 
fnl],  always  a  perfect  protection  against  sudden  floods.  In  the  case  of 
long-continued  floods  it  greatly  retards  the  arrival  of  maximum  effect 
and  gives  ample  notice  of  its  approach. 

In  fact,  this  is  a  very  important  feature  of  reservoir  action,  even 
where  the  capacity  of  the  reservoir  is  not  sufficient  entirely  to  prevent 
the  flood.  It  does  prevent  fresbets — that  is,  sudden  floods — and  in 
smaller  streams  it  is  often  the  suddenness  quite  as  much  as  the  magni- 
tude of  floods  that  causes  damage  and  loss  of  lite. 

A  reservoir  ceases  to  be  any  protection  if  a  flood  continues  long 
enough  to  fill  it  to  such  a  height  that  the  discharge  at  the  outlet  is  equal 
to  the  entire  inflow.  The  same  is  true  of  the  restraining  influence  of 
forests.  A  sudden  and  heavy  precipitation  of  short  duration,  which 
might  produce  a  severe  freshet  in  a  deforested  region,  would  probably 
experience  considerable  retardation,  and  even  redaction,  if  it  should 
fall  upon  a  forest-covered  region;  but  if  the  rains  continue  long  enough 
to  exhaust  the  retentive  capacity  of  the  forest  soil,  to  fill  all  the  springs 
and  replenish  the  ground  storage,  then  forests  cease  to  be  any  protec- 
tion whatever.  In  fact,  the  presence  or  absence  of  forests  in  a  vast 
watershed  like  that  of  the  Mississippi  River  is  without  appreciable 
influence  upon  the  great  floods. 

In  the  case  of  floods,  which  are  the  results  of  combinations  of  dis- 
charges from  the  various  tributaries,  reservoirs  may  actually  operate 
to  increase  the  combination.  Take  for  example  the  natural  reservoirs 
at  the  sources  of  the  Mississippi.  While  they  restrain  the  flood  excess 
in  that  stream,  they  keep  up  a  heavy  flow  for  some  time  after  the  flood 
has  passed.  If  this  larger  flow  happens  to  come  in  with  a  flood  crest 
at  the  junction  of  some  tributary  below,  it  will  actually  increase  the 
combination  over  what  would  have  been  the  case  without  the  reser- 
voirs. In  the  French  investigations,  presently  to  be  described,  the 
dams  proposed  for  restraining  floods  were  to  have  open  sluiceways 
without  means  of  closing  them.  In  the  ordinary  flow  of  the  stream  all 
the  water  could  pass  through.  But  they  were  to  be  so  proportioned 
that  when  the  flow  should  pass  a  certain  point  the  surplus  would  be 
retained  in  the  reservoir,  the  outflow  being  always  limited  by  the 
capacity  of  the  open  sluices.  The  arrangement  was,  therefore,  pre- 
cisely like  that  of  a  natural  lake  without  a  dam  across  the  outlet. 
The  outflow  could  never  be  entirely  restrained,  and  it  would  increase 
in  proportion  to  the  height  of  water  in  tbe  reservoir.  Kow,  in  the 
case  of  a  large  stream  like  the  Bhone,  where  flood  combination  is 
the  really  dangerous  thing,  it  was  found  that  these  reservoirs,  had 
they  actually  been  constructed,  would  have  increased  certain  floods. 
They  would  have  maintained  a  heavy  retarded  flow  on  some  tributiiries 
which  in  their  natural  condition  would  have  entirely  run  out  before 
the  arrival  of  floods  from  other  tributaries.  As  it  happened,  this 
ret'drded  flow  in  the  one  case  would  have  come  upon  a  flood  crest  in 
the  other,  and  would  actually  have  increased  the  natural  combination. 
TluS|  of  course,  could  not  be  true  of  reservoirs  with  closed  sluices, 
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uDless,  as  above  stated,  the  reservoirs  were  entirely  filled  with  tlie 
flood  passing  over  them. 

It  has  been  argued  that  in  the  same  way  the  St.  Francis  Basin,  if 
open,  may  aggravate  floods  on  the  Mississippi  whenever  a  high  crest 
follows  a  preceding  crest  by  an  interval  of  time  long  enough  to  permit 
the  overflow  from  the  first  crest  to  reach  the  foot  of  the  basin  simul- 
taneously with  the  arrival  of  the  second. 

It  is  at  any  rate  clear  that  the  efficiency  of  reservoirs  in  moderating 
great  floods  would  have  to  be  a  matter  of  judicious  management  in 
controlling  combinations  quite  as  much  as  of  actual  capacity. 

Another  matter  to  be  noted  in  this  Connection  is  that  flood  protec- 
tion and  industrial  use  are  not  entirely  compatible  objects.  To  serve 
the  former  purpose  alone  the  reservoir  should  be  kept  empty  until  the 
flood  arrives,  so  that  its  whole  storage  may  be  available.  But  this 
might  leave  the  reservoir  only  partly  filled  when  its  supply  is  needed 
for  other  purposes.  Generally,  therefore,  the  whole  capacity  of  reser- 
voirs buUt  for  these  joint  purposes  can  not  be  counted  on  for  flood  pro- 
tection. It  would  probably  be  unsafe  to  allow  a  higher  efficiency  in 
this  respect  than  50  per  cent. 
I  I  For  reasons  to  be  fully  considered  further  on,  very  few,  if  any,  reser- 

voirs have  been  built  for  the  exclusive  purpose  of  protecting  against 
floods  the  valleys  below  them;  but  there  are   numerous   examples 
where  this  has  been  an  important  consideration  in  their  construction. 
'  I  *  Two  cases  may  be  cited  in  France.    The  celebrated  dam  at  the  Gouffre 

d'Enfer,  on  the  river  Furens,  near  St.  Etienne,  was  built  largely  to  pro- 
tect St.  Etienne  from  the  destructive  freshets  of  the  Furens.    It  was 
of  course  expected  to  make  use  of  the  stored  water  for  industrial  pur- 
j  poses,  which  in  a  thickly  populated  district  could  not  but  be  important 

As  to  the  results  obtained,  the  expectations  in  regard  to  flood  protec- 
tion have  been  fully  realized. 

The  Ternay  Dam  likewise  had  as  an  important  motive  for  its  con- 
struction, the  protection  of  the  town  of  Annonay  from  the  floods  of  the 
,  ,  H  Ternay,  although  in  this  case,  as  in  that  just  cited,  industrial  uses  of 

if*'  the  stored  water  were  considerations  of  great  weight.    The  result  of 
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this  work,  as  to  flood  protection,  has  been  a  success. 

There  are  certain  reservoirs  in  Germany,  as  that  at  Dahlhansen,  on 
j  the  Wappen,  and  another  in  the  valley  of  the  Bever,  which  serve  very 

much  the  same  purpose  as  do  those  at  Furens  and  Ternay  in  France, 
and  exercise  an  important  influence  upon  the  floods  in  their  respective 
valleys.  Various  similar  works  have  been  constructed  in  other  parts 
of  Europe,  but  all  have  other  motives  in  addition  to  that  of  flood  pro- 
tection to  justify  their  construction. 

The  systematic  creation  of  a  comprehensive  system  of  reservoirs  on 
any  river  for  the  sole  purpose  of  mitigating  the  severity  of  floods  has 
never  been  undertaken.  The  subject  has,  however,  received  exhaustive 
study,  and  some  examples  of  such  studies  wiU  therefore  be  of  impor- 
tance in  this  connection.  By  far  the  most  important  of  these  studies,  tf 
might  have  been  expected,  is  to  be  found  in  France.  It  took  pla«e 
during  the  reign  of  Emperor  Napoleon  III,  as  a  result  of  the  floods  of 
1856.  These  floods  were  among  the  greatest  and  most  destructive  that 
had  ever  visited  France,  and  aroused  a  great  deal  of  interest  in  th« 
question  of  their  future  prevention.  Among  the  various  proposals 
which  were  brought  forward  at  the  time  was  that  of  constructing  reser- 
voirs at  the  headwaters  or  on  the  tributaries  of  the  various  streams, 
among  which  particular  attention  was  given  to  the  Bhone,  Oaronoey 
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and  Loire.  These  investigations  were  ordered  by  the  Emperor  ander 
date  of  July  19, 1856,  and  resulted  in  the  most  exhaustive  analysis  of 
the  whole  subject  and  in  reports  of  great  scientific  value.  They  em- 
braced the  three  streams  above  mentioned,  and  the  result  was  adverse 
to  the  project  so  far  as  the  Ehone  and  Garonne  were  concerned  and 
favorable  as  to  the  Loire.  A  brief  rdsumd  of  the  reports  will  here  be 
given. 

BHONE   BrVEB. 

The  damages  wrought  by  the  flood  of  1856  in  the  Bhone  Valley  were 
extraordinary.  Over  540,000  acres  of  rich  valley  lands  were  submerged 
and  the  newly  started  crops  were  destroyed.  The  injury  to  bridges, 
dikes,  revetments,  and  other  river  works  was  very  great,  as  was  also 
the  destruction  to  the  towns  and  cities  situated  along  the  stream.  The 
total  damages  on  French  soil  in  the  Bhone  Valley  were  estimated  at 
not  less  than  $6,000,000. 

So  great  a  disaster  in  one  of  the  most  populous  sections  of  France 
naturally  led  to  inquiries  into  the  possibility  of  preventing  a  recurrence 
of  it.  I^apoleon  III,  who  had  taken  a  great  interest  in  public  works 
and  favored  a  liberal  extension  of  them,  ordered  an  elaborate  inves- 
tigation of  the  subject;  first,  as  to  the  immediate  protection  of  great 
centers  of  population,  and  second,  as  to  the  practicability  of ''  modifying 
the  regime  of  great  water  courses  for  the  protection  of  the  bottom 
lands  by  a  diminution  of  floods  by  means  of  reservoirs  established  near 
the  head  waters  of  the  tributary  streams." 

The  first  part  of  the  programme,  viz,  the  protection  of  the  river  towns 
by  works  intended  to  confine  the  floods  to  proper  limits,  was  reported 
practicable  at  a  total  cost  of  about  $4,000,000.  The  second  part  of  the 
programme,  viz,  the  question  of  reservoir  construction,  was  considered 
in  great  detail  and  with  a  thoroughness  of  study  which  makes  it  the 
best  existing  example  of  what  may  be  expected  from  similar  works  in 
other  localities. 

The  Eiver  Bhone  has  a  total  length  of  about  447  miles  and  a  water- 
shed of  about  36,670  square  miles.  Three  hundred  and  thirty-six  miles 
above  its  mouth  is  Lake  Geneva,  an  immense  natural  reservoir,  with  an 
area  of  223  square  miles.  Below  Lake  Geneva,  at  the  distances  given, 
the  main  stream  receives  the  following  important  tributaries: 

The  Arve,  1^  miles  below  the  outlet  of  the  lake,  drainage  area  2,422 
square  miles;  the  Ain,  110  miles,  drainage  area  1,355  square  miles; 
the  Saone,  131  miles,  drainage  area  11,019  square  miles;  the  Isere,  179 
miles,  drainage  area  4,360  square  miles;  the  Ardeche,  225  miles,  drain- 
age area  938  square  miles;  the  Durance,  272  miles,  drainage  area 
5,716  square  miles.  The  drainage  area  of  all  the  other  tributaries  is 
about  7,200  square  miles.  The  drainage  area  tributary  to  Lake  Geneva 
of  2,663  square  miles,  of  which  2,078  square  miles  pertains  to  the  Bhone 
above  the  lake. 

The  flood  of  1856  in  the  valley  of  the  Bhone  was  practically  a  simul- 
taneous affair  in  all  parts  of  the  valley.  Only  in  the  upper  portions  was 
there  any  apparent  progression.  The  maximum  occurred  at  the  mouth 
of  the  Arve  thirty-six  hours  before  it  reached  the  mouth  of  the  Ain,  108 
uiles  below;  but  for  the  entire  remainder  of  the  river  the  maximum 
occurred  on  the  same  day,  with  a  variation  of  only  a  few  hours.  The 
oauses  that  led  to  the  flood  were  therefore  operating  throughout  the 
ontire  valley,  swelling  all  the  tributaries  at  once,  and  in  consequence 
t'siu^ing  a  simultaneous  elevation  of  all  portions  of  the  main  stream. 
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The  following  table  shows  some  of  the  characteristics  of  this  flood; 


i  ' 


I' 


Kime  of  ■treain. 


Rhone  aboT«  the  Aire 

The  Arve .• 

The  Ain  and  sinAller  tribatariee  below  Arve. . 

Saone  and  smaller  tribntaries  below  Ain 

leere  and  smaller  streams  below  Saone 

Ardeche  and  smaller  streams  below  Isere 

Durance  and  smaller  streams  below  Ardeohe. 
Doranoeto  the  sea 


Drainage 


Sq.nUle*. 
2,863 
761 
3,777 
11,264 
6,079 
2,916 
7,232 
1,560 


Bntire  liver i     86,852 


Diaoharg«. 


Seeond-fut. 
11,472 
24,710 
161, 674 
40,420 
02,663 
80,307 
70,600 


400.670 


Rate  of 
ron-off 

per 

sqaare 

mfleper 

•eoond. 


4.S 

81.0 
43.0 
4.0 
15.0 
27.0 
10.0 


14.0 


This  table  gives  an  admirable  illustration  of  the  effect  of  natural  res- 
ervoirs in  moderating  the  flow  of  a  stream.  It  will  be  observed  that 
the  flow  of  the  Shone  just  above  the  Arve  indicates  a  ran-off  of  only 
4.3  cubic  feet  per  second  per  square  mile.  As  a  matter  of  fact,,  the 
upper  course  of  the  Bhone  was  discharging  into  the  lake  42,360  cubic 
feet  per  second,  or  21  cubic  feet  per  second  per  square  mile,  which 
would  indicate  lor  the  entire  watershed  above  the  Arve^ncluding  that 
of  Lake  Geneva  itself,  56,480  cubic  feet  per  second.  The  storage  of 
Lake  Geneva  accounts  for  the  difference,  and  actually  reduces  the  flow 
of  the  upper  Ehone  by  about  45,000  (56,480—11,472)  cubic  feet  per 
second. 

Again,  it  will  be  seen  that  the  discharge  of  the  great  tributary,  the 
Saone,  is  at  a  rate  of  only  4  second-feet  per  square  mile.  Although 
there  is  no  lake  forming  a  reservoir  in  this  valley,  as  in  that  just 
described,  the  slope  of  the  lower  portion  of  the  valley  for  100  miles 
above  Lyons  is  so  slight  that  floods  do  not  pass  off  rapidly,  but  fill  up 
the  bottoms  over  166  square  miles  to  a  depth  of  10  feet  or  more,  giving 
a  storage  of  upwards  of  50,000,000,000  cubic  feet.  If  the  flow  of  this 
stream  had  been  as  great  per  square  mile  of  watershed  as  that  of  the 
Ehone  above  Lyons,  without  the  moderating  effect  of  Lake  Geneva,  it 
would  have  been  about  363,000  cubic  feet  per  second  instead  of  its 
actual  flow  of  about  50,000  cubic  feet.  Without  the  storage  effects  of 
Lake  Geneva  and  of  the  Saone  Valley,  the  discharge  of  the  Bhone 
at  Lyons  would  have  been  about  600,000  cubic  feet  instead  of  its  actual 
discharge  of  less  than  250,000  cubic  feet.  The  great  influence  of  these 
two  natural  reservoirs  in  moderating  the  flood  discharge  of  the  Bhone 
at  Lyons  is  thus  clearly  apparent,  and  it  is  evident  that  without 
them  the  range  between  high  and  low  water,  or  the  ratio  of  minimum 
to  maximum  discharge,  would  be  much  greater  than  it  actually  is.  It 
would  not,  however,  be  correct  to  infer  from  this  that  the  destructive 
power  of  the  great  floods  of  the  Bhone  would,  under  the  above  suppo- 
sition, increase  in  the  same  proportion  as  the  discharge  itself.  Nature 
adapts  the  channels  of  streams  to  the  work  required  of  them,  and  if 
the  flood  flow  of  this  river  were  greatly  increased  undoubtedly  it 
would  carve  out  a  deeper  and  wider  bed,  and  would  carry  away,  within 
the  limits  of  safety,  a  much  larger  volume  of  water  than  it  does  at 
present.  Thus,  while  the  absence  of  these  natural  reservoirs  would, 
probably,  to  some  extent  increase  the  destructive  power  of  the  floods 
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of  the  Bhone,  it  would  not  do  so  in  anything  like  the  same  proportion 
in  which  it  woald  augment  the  flood  discharge  at  Lyons. 

When,  in  the  course  of  their  investigations,  the  French  engineers 
undertook  to  supplement  the  effect  of  these  natural  reservoirs  by  arti- 
ficial ones,  they  were  confronted  with  practically  insuperable  obstacles. 
Nature  had  not  provided  suitable  localities,  and  an  exhaustive  study  of 
the  whole  basin  gave  only  the  following  meager  results: 

Lake  Geneva  could  be  so  dammed  at  the  outlet  as  entirely  to  cut  off 
its  discharge  at  the  time  of  flood. 

The  Arve  and  its  tributaries,  being  mostly  torrential  streams,  afford 
very  few  good  reservoir  sites.  In  fact  only  one  was  deemed  worthy  of 
consideration,  and  its  capacity  was  only  706,000,000  cubic  feet.  This 
would  be  of  no  use  to  the  upper  Ehone,  which  flowed  between  high 
banks  not  subject  to  overflow,  and  by  the  time  it  reached  Lyons  its 
effect  would  be  wholly  inappreciable.  The  reservoir  would  cost  $400,000,. 
besides  the  destruction  of  valuable  bottom  lands.  This  project  was 
therefore  not  considered  practicable. 

The  next  site  in  passing  downstream  is  what  is  known  as  the  Lac  du 
Bourget,  situated  to  the  east  of  the  river  and  forming  a  kind  of  natural 
reservoir  in  times  of  flood.  It  was  proposed  to  carry  this  natural  action 
still  farther  by  damming  the  Ehone.  Its  natural  storage  capacity  is 
3,350,000,000  cubic  feet,  and  this  could  be  increased  to  6,824,000,000 
cubic  feet.  It  was  calculated  that  this  storage  would  diminish  the  flow 
of  the  Rhone  at  the  moment  of  flood  by  35,000  cubic  feet  per  second, 
and  would  diminish  the  height  of  the  flood  at  Lyons  by  2.3  feet.  The 
cost  of  this  work  would  be  about  $4,000,000. 

No  further  reservoir  sites  of  importance  were  found  above  the  junc- 
tion of  the  Aiii.  In  this  valley  there  are  several  feasible  sites,  whose 
aggregate  capacity  would  be  nearly  2,000,000,000  cubic  feet.  The  cost 
would  be  about  $1,400,000.  The  estimated  effect  at  Lyons  on  a  flood 
like  that  of  1856  would  be  to  reduce  the  height  of  the  flood  by  about 
1  foot. 

No  reservoirs  were  recommended  for  the  Saone,  because  none  that 
could  be  found  would  have  any  appreciable  efi'ectas  compared  with  the 
vast  natural  reservoir  formed  by  the  lower  part  of  the  valley  already 
alluded  to,  and  would  have  almost  no  influence  on  the  discharge  of  the 
main  stream  at  Lyons. 

Below  Lyons  the  immediate  valley  of  the  main  stream  offers  no  op- 
portunities for  large  reservoirs. 

The  first  large  tributary  on  this  section  of  the  river,  the  Isere,  was 
carefully  studied,  but  no  situations  were  found  which  were  considered 
favorable.  The  alluvial  and  unsatisfactory  nature  of  the  foundation 
for  dams,  the  necessity  of  condemning  valuable  bottom  lauds,  the  small 
aggregate  result  possible  of  attainment  under  the  most  favorable  cir- 
cumstances, rendered  the  project  wholly  unadvisable. 

The  valley  of  the  Ardecbe  likewise  contains  no  feasible  reservoir  sites. 

On  none  of  the  other  tributaries  were  suitable  sites  found  until  the 
Durance  was  reached.  The  valley  of  this  stream,  which  is  one  of  the 
largest  affluents  of  the  Rhone,  ofl'ers  several  good  sites,  and  it  was 
found  practicable  to  store  11,366,600,000  cubic  feet  of  water  at  a  cost 
of  about  $6,600,000.  The  result,  however,  was  altogether  insignificant. 
The  Durance  enters  the  Rhone  far  down  the  valley  of  that  stream, 
where  its  flood  discharge  is  already  very  great.  The  eft'ect  of  the  pro- 
posed reservoirs  on  the  flood  of  the  Rhone  immediately  below  the  junc- 
tion would  be  to  diminish  its  height  by  less  than  1.3  feet. 
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The  following  tabular  sammary  shows  the  magnitude  and  cost  of  the 
foregoing  works: 


Baeenroir. 


Lake  Geneva 

Valley  of  Arre  .... 
I^ke  da  Bourgot .. 

Valley  of  Ain 

Valley  of  Durance 

Total 


Oapaolty. 


Ouhie/set, 
2,294,500,000 

.  706, 000, 000 
6, 824, 000, 000 
2,000,000,000 

11, 366. 000, 000 


22,191,100,000 


Goat 


$1,000,000 

400,000 

4^000,000 

1.400.000 

C,  000,000 


13,400,000 


The  result  of  these  works  and  of  this  expenditure  may  be  summarized 
as  follows: 

Over  the  24,700  acres  of  submergible  lands  the  depth  of  overflow 
would  be  reduced  from  2.2  to  3.2  feet.  But  this  would  not  entirely  pre- 
vent submersion,  and  the  necessity  for  dikes  would  exist  as  before. 
Through  Lyons  the  flood  height  would  be  reduced  possibly  3  feet,  but 
would  save  none  of  the  special  works  of  protection  and  would  but 
slightly  diminish  their  cost.  From  Lyons  down  the  diminution  of 
height  of  flood  would  be  as  follows:  Below  mouth  of  Saone,  1.3  feet; 
at  Tonrnon,  0.8foot;  at  Valence,  0.6  foot;  below  Valence,  inappreciable. 
The  effect  of  the  proposed  reservoirs  in  the  valley  of  the  Durance  on 
the  floods  of  the  Bhone  below  the  junction  of  the  two  streams  would 
be  to  diminish  the  flood  height  at  Beaucaire  1.3  feet;  at  Aries,  about  0.5 
foot;  below  Aries,  not  at  ail. 

The  effect  of  these  reservoirs,  therefore,  although  considerable  in 
absolute  magnitude,  would  not  be  sufficient,  in  comparison  with  their 
great  cost,  to  justify  adoption,  and  the  project  was  reported  upon 
adversely  by  the  engineers. 

This  report  does  not  deal  with  the  low- water  flow  of  the  Rhone  at  all, 
nor  with  the  effect  which  this  storage  would  have  upon  the  interests  of 
navigation.  Undoubtedly  it  would  be  much  greater  than  in  the  control 
of  floods.  For  example,  the  10,000,000,000  cubic  feet  of  water  that 
could  be  stored  upon  the  Upper  Rhone  and  the  Ain  would  provide  a 
flow  of  about  4,000  second-feet  for  one  month,  or  1,300  second-feet  for 
three  months,  and  could  undoubtedly  be  so  regulated  as  to  be  of 
considerable  advantage  to  navigation.  The  increase  for  a  period  of 
one  month  only  over  the  low-water  flow  at  Lyons  would  be  nearly  50 
per  cent 

OABONNE  BIYEB. 

Similar  studies  to  those  just  described  were  also  made  in  the  case  of 
the  Garonne,  which  had  likewise  suffered  severely  from  the  floods  of 
1855  and  1856.  Without  reviewing  these  studies  in  detail,  the  following 
conclusions  may  be  stated  in  the  language  (translated)  of  the  report: 

Reservoin,  when  their  capacity  is  great  enough,  have  a  very  powerful  effect  in 
diminishing  the  flood  discharge  of  the  streams  on  which  they  are  built  but  their 
influence  diminishes  enormously  with  distance;  and  inasmuch  as  suitable  sites  can 
be  found  only  in  the  mountainous  regions,  far  removed  from  the  bottom  lands  to  be 
protected,  it  may  readily  be  seen  how  slight  must  be  their  influence  on  the  flood 
heights  in  the  valleys  far  below.  *  *  *  To  reduce  such  a  flood  [as  that  of  1855] 
to  the  height  required  in  order  to  contain  it  within  the  proposed  system  of  dikes 
would  require  a  storage  capacity  exceeding  33,000.000,000  cubic  feet,  and  would  cost 
$24,000,000.     *     •     *  ^       *^       "^ 

Other  objections  of  a  fundamental  character  as  to  all  reservoirs  have  already  been 
stated. 

The  conclusion  arrived  at,  therefore,  is  that  the  idea  of  reducing  the  floods  of  tba 
Garonne  by  means  of  artificial  reservoirs  must  be  abandoned. 
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LOIRE  RIYEB. 

The  studies  devoted  to  this  question  in  the  case  of  the  Biver  Loire 
were  more  favorable  to  the  use  of  reservoirs.  This  was  owing  to  the 
more  favorable  conditions  which  prevail  on  that  stream.  The  main 
stream  is  formed  by  the  union  of  the  Upper  Loire  and  the  Allier  near 
the  city  of  Kevers  at  the  Bee  d' Allier.  The  Loire  is  subject  to  the  most 
extreme  variations  in  the  matter  of  flow.  At  the  junction  of  the  two 
streams,  for  instance,  it  varies  irom  about  10,000  cubic  feet  per  second 
to  360,000  cubic  feet.  The  floods  in  the  lower  river  are  ordinarily  ren- 
dered harmless  by  the  arrival,  at  different  times,  of  the  floods  from 
the  various  affluents;  but  when  the  conditions  cause  the  simultaneous 
arrival  of  flood  crests  from  several  tributaries  the  results  are  liable  to 
be  of  the  most  serious  character. 

The  floods  of  the  Loire  Biver  have  always  been  a  matter  of  great 
moment  to  the  interests  of  the  valley,  and  have  led  to  extensive  works 
for  their  control.  In  the  studies  above  referred  to  the  use  of  reservoirs 
on  certain  portions  of  the  streams  was  recommended,  viz,  upon  the 
Upper  Loire  and  the  Allier.  These  two  streams,  heading  in  the  south- 
central  part  of  France,  flow  north  nearly  parallel  to  each  other  at  dis- 
tances scarcely  ever  50  miles  apart.  Their  drainage  areas  are  7,000 
square  miles  and  4,500  square  miles,  respectively.  The  geographical, 
geological,  and  meteorological  conditions  are  essentially  the  same  for 
the  two  streams.  They  rise  in  high  land  some  4,500  feet  above  the  level 
of  the  sea.  The  mountain  slopes  are  steep  and  the  soil  of  a  very  imper- 
vious character.  The  result  is  that  the  run-off  responds  quickly  to  the 
rainfall;  floods  are  quick  and  of  short  duration,  and  the  curve  of  the 
flood  wave  at  any  point  is  sharp  in  character,  i.  e.,  very  high  compared 
with  its  length.  The  conditions  in  the  two  valleys  are  so  similar  that 
the  crests  of  floods  reach  the  junction  very  nearly  at  the  same  time, 
being  only  two  or  three  hours  apart  in  the  great  flood  of  1856.  The 
curves  of  discharge  of  the  two  streams,  both  accentuated  in  character, 
are  superimposed  upon  each  other,  producing  a  curve  of  relatively  the 
same  relief,  but  absolutely  nearly  twice  as  pronounced,  as  in  the  case 
of  either  tributary. 

The  union  of  two  such  considerable  tributaries  with  floods  of  the 
nature  above  described  gives  character  to  the  flood  wave  of  the  united 
stream  for  a  great  distance  below,  or  until  the  accession  of  tributaries 
reaches  an  extent  that  may  exert  a  marked  modifying  influence.  But 
it  is  stated  that  the  sharp  form  of  the  wave  does  not  entirely  disappear 
even  to  the  mouth  of  the  river. 

The  flood  conditions,  therefore,  prevailing  from  Severs  for  a  long 
distance  down  are  those  of  extreme  height  but  short  duration.  Were 
it  possible  to  cut  off  the  upper  part  of  this  curve  and  retain  the  water 
which  it  represents,  thus  reducing  the  flood  curve  to  the  normal  form 
of  the  other  principal  tributaries,  the  floods  would  be  brought  within 
limits  which  would  keep  them  between  the  dikes  proposed  to  be  con- 
structed along  the  river. 

An  examination  of  the  valleys  of  the  Upper  Loire  and  the  Allier 
disclosed  the  following  possibilities  as  to  the  storage  of  water: 

In  the  valley  of  the  Upper  Loire  22  reservoirs  would  store  about 
8,250,000,000  cubic  feet  of  water,  and  would  reduce  to  111,653  cubic  feet 
per  second  the  flood  flow,  which,  without  these  reservoirs,  would  be 
153,555  cubic  feet  per  second  at  Bee  d' Allier.  In  the  valley  of  the 
Allier  63  reservoirs,  storing  about  10,000,000,000  cubic  feet,  would 
reduce  to  104,664  cubic  feet  x)er  second  the  flood  flow,  which,  without 
the  reser voirSy  would  be  167,675  cubic  feet  per  second.    The  to  tal  reduc- 
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tion  would  therefore  be  about  95,000  cubic  feet  per  second  f^rom  a  total 
flood  flow  of  320,000  cubic  feet  per  second,  or  a  reduction  of  about  30 
per  cent.  This  would  deprive  floods  of  their  destructive  character  as 
far  down  as  to  the  mouth  of  the  Cher,  a  distance  of  about  180  mOes 
below  the  junction  of  the  two  streams. 

It  is  thus  seen  that  the  peculiarly  favorable  conditions  existing  on 
the  Upper  Loire  make  possible  an  important  reduction  of  flood  height 
for  a  certain  length  of  the  river  below  Nevers.  In  the  upper  valleys, 
ncAr  the  reservoirs,  their  effect  would,  of  course,  be  far  greater,  and 
would  effectually  remove  the  possibility  of  flood. 

These  proposed  works,  however,  were  of  great  magnitude,  estimated 
to  cost  over  $13,000,000,  and  they  have  never  been  carried  out. 

A  very  interesting  and  exhaustive  investigation,  similar  to  those  just 
described,  has  been  conducted  by  German  authorities  in  the  valley  of 
the  river  Alb.  The  study  goes  into  too  much  detail  to  be  given  here, 
but  its  general  conclusions  are  so  in  line  with  those  of  the  French 
engineers  that  they  can  not  fail  to  be  of  interest.    The  report  says: 

It  can  not  be  denied  that  for  the  headwaters  of  riyers,  and  also  for  the  territory  of 
small  streams,  the  question  might  be  solved.  The  Government  of  Wurtembnrg  inves- 
tigated the  matter  and  found  that  high  floods  could  be  prevented  by  means  of  reser- 
voirs, but  that  the  benefit  would  not  be  commensurate  with  the  cost.  -^  ♦  •  This 
Investigation  [the  prevention  of  floods  on  the  Alb]  has  proved  that  the  constmction 
of  reservoirs  for  the  purpose  of  keeping  back  the  high  wat«r  of  the  Alb,  although 
posHible,  and  with  no  doubt  of  their  eftectiveness,  is  still  ui^justifiable  on  account  of 
the  enormous  cost. 

And  again : 

There  seems  to  be  no  doubt  that  the  constmction  of  a  system  of  Teeervoirs  on  a 
large  scale  in  the  valley  of  the  Alb  is  inexpedient,  on  account  of  the  great  cost. 

Particular  emphasis  is  placed  upon  these  studies,  because  they  dis- 
close the  true  obstacle  to  the  use  of  resel*voirs  for  the  sole  purpose  of 
flood  prevention.  It  is  the  cost^  not  the  physical  difficulties,  which 
stands  in  the  way.  It  may  be  stated  that  as  a  general  rule  a  sufficient 
amount  of  storage  can  be  artificially  created  in  the  valley  of  any  stream 
to  rob  its  floods  of  their  destructive  character;  but  it  is  equally  trae 
that  the  benefits  to  be  gained  will  not  ordinarily  justify  the  cost. 

The  reason  for  this  is  plain.  Floods  are  only  occasional  calamities  at 
worst.  Probably  on  the  majority  of  streams  destructive  floods  do  not 
occur,  on  the  average,  oftener  than  once  in  five  years.  Every  reservoir 
built  for  the  purpose  of  flood  protection  alone  would  mean  the  dedica- 
tion of  so  much  land  to  a  condition  of  permanent  overflow  in  order  that 
three  or  four  times  as  much  might  be  redeemed  from  occasional  over- 
flow. One  acre  permanently  inundated  to  rescue  three  or  four  acres 
from  inundation  of  a  few  weeks  once  in  three  or  four  years,  and  this  at 
a  great  cost,  could  not  be  considered  a  wise  proceeding,  no  matter  how 
practicable  it  might  be  from  engineering  considerations  alone.  The 
cost,  coupled  with  the  loss  of  so  much  land  to  industrial  uses,  would  be 
far  greater  than  that  of  levees  or  other  methods  of  flood  protection. 

In  fact,  the  examples  of  natural  reservoirs  already  cited,  while  they 
show  conclusively  the  vast  beneflcial  influence  of  large  reservoirs  upon 
the  flow  of  streams,  also  disclose  the  fatal  obstacle  to  their  successful 
imitation  by  man.  In  only  very  few  places  has  nature  prepared  sites 
where  man  can  erect  works  which  will  create  large  bodies  of  water, 
and  even  if  she  had  done  so  the  gain  from  utilizing  them  would  not 
equal  the  loss.  The  reservoir  system  of  the  Great  Lakes  involves  the 
perpetual  withdrawal  from  agriculture  and  industrial  uses  of  an  area 
nearly  twice  the  size  of  the  State  of  New  York.    Were  these  areas  not 
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covered  with  water,  but  occupied  as  the  surrounding  country  now  is, 
yet  so  fitted  by  nature  that  man,  at  slight  expense,  could  convert  them 
into  great  lakes,  as  at  present,  the  utter  impossibility  of  such  a  measure 
is  evident  at  a  glance.  And  so  it  will  be  found  in  general  that  the  sur- 
face of  the  earth,  where  reservoirs  could  be  built  on  an  extensive  scale, 
is  liable  to  be  of  more  value  in  its  present  condition  than  it  ever  could 
be  if  covered  with  water. 

The  construction  of  reservoirs  for  flood  protection  is  not,  therefore,  to 
be  expected,  except  where  the  reservoir  is  to  serve  some  other  purpose 
as  well,  and  inasmuch  as  such  purposes  are  not  ordinarily  extensive 
enough  to  develop  syste^na  of  reservoirs,  upon  which,  rather  than  upon 
isolated  works,  the  control  of  great  floods  depends,  this  large  control  is 
hardly  one  of  the  possibilities  of  the  future.  The  only  probable  excep- 
tion is  that  of  a  reservoir  system  on  the  watershed  of  the  Missouri 
Elver,  treated  of  in  the  next  section  of  this  report. 

For  flood  protection  in  isolated  cases,  however,  and  on  a  relatively 
small  scale,  reservoirs  will  undoubtedly  continue  to  be  built,  particu- 
larly when  they  serve  other  purposes  as  well.  From  this  point  of  view 
they  will  always  be  projects  of  public  importance.  The  idea  is  well  pre- 
sented by  the  distinguished  French  engineer,  P.  Guillemaine,  former 
inspector-general  of  public  works  in  France,  who  holds  that  the  crea- 
tion of  reservoirs  is  of  public  utility  in  nearly  all  cases,  either  in  flood 
prevention  or  in  reenforcing  low- water  flow,  and  that  whenever  special 
interests,  such  as  industrial  uses,  irrigatiouf  and  the  like,  exist  that  will 
justify  their  construction,  they  become  legitimate  subjects  for  govern- 
ment adoption. 

XTV.— THE  FLOODS  OF  THE  MISSISSIPPI  AND  THE  MISSOUSL 

The  wording  of  the  act  directing  this  investigation,  and  the  debates 
in  Congress  accompanying  its  passage,  clearly  indicate  tbat  the  floods  of 
'  the  Mississippi  and  their  prevention  were  in  mind  as  one  of  the  objects 
of  the  proposed  reservoir  construction.  A  belief  that  it  is  within  the 
range  of  possibility  to  diminish  materially  the  great  floods  of  this  river 
by  means  of  reservoirs  upon  its  tributaries  has  long  been  held.  In  a 
work  well  known  in  its  day  (The  Mississippi  and  Ohio  Kivers,  by  Charles 
EUet,  jr.,  published  in  1853),  the  author  advocates  this  view  with  great 
vigor,  and  had  his  data  been  as  correct  as  his  argument  he  would  have 
made  out  a  good  case.  The  subject  was  briefly  reviewed  by  Humphreys 
and  Abbot  in  their  report  upon  the  Mississippi  Eiver  (1861),  and  the 
views  of  foreign  engineers  upon  this  method  of  river  regulation  were 
cited  at  considerable  length.  Although  the  authors  of  tliis  report  pro- 
nounce the  scheme  impracticable  so  far  as  the  Mississippi  is  concerned, 
the  idea  has,  nevertheless,  continued  to  have  its  advocates  from  that 
day  to  this.  It  has  occasionally  found  expression  in  public  documents 
or  acts  of  Congress.  In  the  voluminous  report  of  the  Senate  Committee 
on  Irrigation,  which  forms  Senate  Eeport  Ko.  928,  Fifty-first  Congress, 
:fir8t  session,  the  committee  say: 

It  is  oonfidentlv  belieyed  that,  with  restraining  dams  to  hold  back  the  water  of 
'ttlie  numerous  lales  found  at  the  head  waters  of  the  various  tributaries  of  these 
^Ters,  and  reservoirs  constructed  at  other  suitable  points,  together  with  the  aid  of 
'tihe  natural  flow  of  the  streams,  a  very  large  extent  of  country,  now  comparatively 
'^rorthlesa,  could  be  made  exceedingly  productive,  while  the  floods  in  the  Lower 
Mississippi  would  be  greatly  alleviated. 

During  the  past  year  two  investigations  have  been  ordered  by  Oon- 
Ktess,  having  as  one  of  their  objects  an  examination  of  this  reservoir 
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question.  Among  engineers  there  are  not  a  few  of  reputable  standing 
in  their  profession  who  hold  similar  views  to  those  expressed  in  the 
Senate  report  quoted  above.  With  the  general  pnbUo  the  idea  is 
almost  an  axiom,  and  it  finds  constant  expression  in  the  press,  partic- 
alarly  when  a  great  occasion,  like  that  of  the  recent  Mississippi  floods, 
calls  attention  to  it.  It  has  therefore  seemed  important  in  this  report 
to  devote  some  especial  care  to  the  subject,  and  very  soon  after  taking 
up  the  study  I  arranged  to  have  Mr.  James  A.  Seddon,  United  States 
assistant  engineer,  compile  existing  data  on  the  Mississippi  floods  in 
such  form  as  to  present  the  subject  in  its  entire  magnitude  so  that  it 
can  be  readily  understood.  Mr.  Seddon  has  execute  this  task  with 
a  thoroughness  which  I  do  not  think  has  been  surpassed  in  any  similar 
investigation.  He  has  relied  largely  upon  graphical  representation  of 
his  data,  and  for  this  purpose  has  prepared  two  plates,  one  for  the 
rivers  above  Cairo  and  one  for  the  river  below.  These  two  plates  pre- 
sent in  the  most  intelligible  manner  possible  the  movements,  charac- 
teristics and  magnitudes  of  these  great  floods.  They  merit  carefal 
study,  and  will  be  found  of  great  practical  value  to  anyone  who  may 
have  occasion  to  study  the  question.  Mr.  Seddon  has  accompained 
these  plates  by  an  exhaustive  memoir,  in  which  he  explains  in  detail 
the  method  of  their  preparation  and  summarizes  concisely  the  con- 
clusions to  be  drawn  from  them.  To  this  work  of  Mr.  Seddon  I  invite 
particular  attention,  as  it  relieves  this  part  of  my  report  of  consider- 
able matter  which  it  would  otherwise  have  to  contain. 

Few  people  have  any  adequate  conception  of  either  the  origin  or  the 
magnitude  of  great  floods  like  those  on  the  Lower  Mississippi.  It  is  a 
common  error  to  think  that  they  come  largely  from  the  melting  snows 
in  the  mountains.  Yet  the  floods  of  the  Mississippi  nearly  all  come  at 
seasons  when  the  flow  from  the  mountains  is  very  small.  In  the  greatest 
known  flood  of  the  Mississippi  at  St.  Louis,  that  of  1844,  a  large  part 
of  which  came  from  the  Missouri,  the  latter  stream  was  found  by  pilots 
to  be  in  low-water  stage  above  Sioux  City.  On  the  occasion  of  the  late 
heavy  flood  in  the  Mississippi,  when  at  its  maximum  stage,  the  Arkansas 
carried  practically  no  water  across  the  Kansas-Colorado  line,  the  Platte 
did  not  run  above  2,000  cubic  feet  per  second  at  Korth  Platte,  Nebr.,  and 
the  Upper  Missouri  and  Yellowstone  were  both  in  low- water  stage.  The 
floods  of  the  Mississippi  do  not  come  from  this  direction.  They  are 
formed  by  the  heavy  rains  in  the  low  regions  east  of  the  ninety-eighth 
meridian,  and  very  largely  come  from  east  of  the  Mississippi  itself 
The  great  controlling  element,  in  fact^  in  all  the  lower  river  floods  is 
the  Ohio  Eiver. 

The  magnitude  of  these  floods  also  depends  very  largely  upon  fortui- 
tous combinations  of  the  floods  in  its  tributaries.  No  single  flood  from 
any  one  of  these  tributaries,  except  the  Ohio,  can  produce  serious  con- 
sequences in  the  main  river.  But  if  two  or  more  of  them  discharge 
excessive  floods  in  the  main  stream  simultaneously,  then  it  is  that  great 
disasters  follow.  Very  fortunately^  nature  has  caused  these  flood  waves 
to  arrive  generally  at  different  periods,  and  the  more  disastrous  combi- 
nations are  not  of  frequent  occurrence. 

It  is  apparent,  therefore,  that  a  reservoir  system  which  should  exer- 
cise any  appreciable  influence  on  the  lower-river  floods  must  embrace 
the  three  great  upper  tributaries,  and  particularly  the  Ohio.  What  the 
magnitude  of  the  storage  required  would  have  to  be  may  be  inferred 
from  the  fact  that  the  total  discharge  of  the  Mississippi  at  Cairo  above 
the  bankful  stage,  during  the  late  flood,  was  2,368,000,000,000  cubic 
feet,  or  4,250  square  miles  20  feet  deep,  the  assumed  average  depth  of 
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reservoirs.  The  Inrgest  artificial  reservoir  ever  built — viz,  that  at  Lake 
Wiiinebigoshish,  Minnesota — has  a  capacity  of  45,000,000,000  cubic  feet. 
To  store  all  this  excess  would  take  52  such  reservoirs. 

While  it  might  seem  at  first  thought  that  this  amount  of  storage  could 
be  found,  still  it  would  be  very  difficult  to  find  it.  Particularly  on  the 
upper  Ohio  and  its  southern  tributaries  favorable  sites  are  understood 
to  be  of  rare  occurrence.  It  is  probable,  however,  that  in  all  the  water- 
shed of  the  Mississippi  sites  could  be  found  that  would  insure  a  reduc- 
tion of  a  flood  discharge  at  Cairo  like  that  of  1897  by  one-fifth  of  its 
maximum.  The  ease  with  which  the  writer  was  able  to  find  storage 
amounting  to  11,000,000,000  cubic  feet  in  the  State  of  Ohio  at  the  very 
headwaters  of  streams  along  the  divide  between  Lake  Erie  and  the 
Ohio  convinced  him  that  the  natural  facilities  for  storage  are  rather 
greater  than  is  commonly  supposed.* 

As  already  stated,  the  difliculty  is  not  so  much  a  physical  as  a  finan- 
cial one.  To  store,  say,  500,000,000,000  cubic  feet  of  water,  equivalent 
to  11,500,000  acre-feet,  would  cost,  even  at  the  rate  of  only  (5  per  acre- 
foot,  (57,500,000.  This  one  fact  condemns  the  project  as  a  system 
for  the  exclusive  purpose  of  flood  prevention.  But  whenever  such  res- 
ervoirs have  other  and  more  immediate  purposes  for  their  construction 
the  increment  which  each  will  tbrm  in  the  grand  total  necessary  to  pro- 
duce some  influence  in  the  Mississippi  floods  is  an  element  in  its  favor 
worthy  of  consideration. 

The  only  direct  and  effective  reservoir  project,  if  any  such  be  possi- 
ble, for  impounding  floods  of  such  vast  magnitude  as  those  of  tiie 
Mississippi  is  that  pointed  out  by  Mr.  Seddon  in  the  second  part  of 
his  memoir.  The  project  for  utilizing  St.  Francis  Basin  for  this  pur- 
pose would  only  be  following  out  and  peifecting  the  plan  upon  which 
nature  has  operated  for  an  indefinite  period.  If  the  overflow  into  this 
basin  in  a  great  flood  like  that  of  1882  is  equivalent  to  a  depth  of  6.5 
to  7  feet  upon  its  overflowed  area  of  6,706  square  miles,  it  is  at  least  a 
reasonable  question  to  ask  why  this  flooded  area  can  not  be  reduced  to 
one-half  or  one-third  its  present  size,  be  given  a  depth  twice  or  three 
times  as  great,  and  the  water  be  prevented  from  flowing  out  until  the 
following  low  water.  The  slope  of  120  feet  in  the  length  of  the  basin 
would  seem  to  make  possible  a  division  into  separate  reservoirs  by 
means  of  moderate  embankments  such  as  Mr.  Seddon  suggests,  making 
five  or  six  basins  of  an  average  depth  of  10  to  15  feet,  with  longitudinal 
levees  to  restrict  the  lateral  area.  The  water  thus  stored  (and  it  could 
be  stored  with  such  an  arrangement,  whether  there  were  a  high  flood 
or  only  a  moderate  one)  would  give  to  the  lower  river  in  low  water  an 
increment  (based  upon  the  overflow  of  1882)  of  141,000  cubic  feet  per 
second  for  a  period  of  one  hundred  days.  This  would  give  a  low- water 
flow  of  at  least  300,000  cubic  feet  per  second,  and  would  radically 
improve  the  navigation  of  the  Mississippi  from  Helena  to  the  sea. 
From  Helena  up,  the  slackwater  system  through  the  basin  itself,  with  5 
or  6  locks,  would  carry  the  deep  water  to  Cairo.  How  far  the  imper- 
fectly known  topography  of  the  St.  Francis  Basin  would  lend  itself  to 
this  project,  and  whether  or  not  the  cost  would  be  prohibitory,  exhaustive 
surveys  alone  can  tell.  But  the  example  which  nature  has  set  in  tlie 
use  of  this  basin  is  at  least  a  priori  evidence  in  favor  of  the  soundness 
of  Mr.  Seddon's  suggestions. 

On  the  Missouri  Eiver  the  case  with  regard  to  reservoirs  is  somewhat 

*  See  report  on  Ohio  Canal  surveys  in  1895,  House  Doo.  No.  278,  Fift)r-fonrth  Con^., 
first  sesaioo,  p.  56;  printed  also  in  Annual  Report  of  the  Chief  of  Engineers  for  181)6, 
part  5,  p.  2973  et  seq. 
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different.  The  annual  flood  of  that  stream,  which  is  known  as  the 
'^  June  rise,"  is  essentially  a  headwater  flood.  The  earlier  floods  are 
generally,  although  not  always,  from  the  lower  river,  and  very  rarely 
from  the  extreme  upper  sources.  The  June  rise  is  the  mountain  flood, 
bringing  down  the  snow  water,  and  generally  augmented  by  the  spring 
rains  both  in  the  mountains  and  on  the  plains  below.  Kot  infrequently 
it  meets  with  heavy  contributions  all  the  way  down,  and  is  the  result  of 
a  general  high  water  over  all  its  drainage  area.  Ordinarily,  however, 
as  already  stated,  it  is  a  headwater  flood,  and  coming  as  it  does  while 
the  banks  are  still  soft  and  yielding  from  previous  high  water,  it  does 
its  full  share  of  the  destructive  work  peculiar  to  the  Missouri  Biver. 
That  a  complete  system  of  reservoirs  in  the  mountains  and  plains 
portion  of  the  watershed  of  this  stream,  which  should  embrace  its  many 
tributaries  and  contain  the  waters  from  melting  snows  and  spring  rains, 
would  materially  reduce  the  magnitude  of  the  June  rise  is  highly  prob- 

{  able.    To  take  off  the  flood  excesses  at  Sioux  Oity,  mentioned  by  Mr. 

Seddon  in  the  first  section  of  his  memoir,  would  require  a  storage  o^ 

;  say,  48,400,000,000  cubic  feet,  corresponding  to  a  reduction  in  st^e  of 

2.8  feet.  A  storage  of  100,000,000,000  would  probably  give  the  very 
material  reduction  of  6  feet.  Allowing  a  reservoir  efficiency  of  only  50 
per  cent,  as  elsewhere  explained,  and  assuming  that  no  one  of  the 

I  great  floods  of  the  Missouri  has  its  origin  in  more  than  one-half  of  its 

watershed,  it  would  seem  that  a  reservoir  system  of  400,000,000,000 

'  cubic  feet,  distributed  over  the  watershed  above  Sioux  City,  would 

quite  effectually  control  the  floods  of  the  river.    This  amount  of  storage 
I ,  is  about  the  percentage  of  total  flow  required  to  be  stored  for  irrigation, 

j  as  hereafter  explained,  in  order  that  the  water  of  the  arid  region  may 

I I  be  fully  utilized.  It  must  be  understood  that  such  a  result  can  be  pre- 
dicted only  from  a  system  of  reservoirs.  The  effect  of  any  single  reser- 
voir would  certainly  be  insignificant,  but  the  combined  influence  of 
many  might  be  very  important. 

Passing  now  to  the  question  whether  the  benefits  to  the  lower  river 
from  such  a  system  would  be  of  sufficient  importance  to  justify  the 
construction  of  reservoirs  solely  for  the  purpose  of  securing  them,  the 
answer  must  be  distinctly  in  the  negative.  It  is  still  true  in  this  case, 
as  in  those  already  considered,  that  the  benefit  is  not  worth  the  cost 
If,  however,  there  are  other  and  primary  considerations,  which  of  them- 
selves would  justify  the  construction  of  reservoirs,  then  their  influence 
upon  the  floods  of  the  lower  river  is  a  matter  worthy  of  consideration. 
And  when  such  primary  interests  are  of  a  magnitude  which  looks  to  a 
comprehensive  system  throughout  the  watershed  of  the  stream,  sub- 
serving interests  of  a  public  as  well  as  a  private  nature^  then  the  argu- 
ment for  Government  assistance  in  such  works  stands  upon  a  subsUui- 
tial  basis.  The  point  to  be  especially  considered,  in  connection  with 
such  a  reservoir  system,  is  that  river  regulation  must  always  be  a  sec- 
ondary motive  and  more  immediate  and  direct  uses  the  primary  motive. 

XV.— RESERVOIES  IN  THE  ARID  REGION. 
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We  now  come  to  the  specific  question  of  reservoir  construction  in  the 
arid  region  west  of  the  one  hundredth  meridian,  as  exemplified  by  the 
reservoir  sites  examined  in  Wyoming  and  Colorado*  Are  there  direct 
and  primary  motives  which  would  justify  reservoir  construction  in  this 
country,  apart  from  or  in  addition  to  those  arising  from  their  effect 
upon  the  regimen  of  the  lower  rivers  t  The  answer  must  be  that  in  no 
other  part  of  the  United  States,  nor  anywhere  else  in  the  world,  are 
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there  sach  potent  and  conclusive  reasons,  of  a  pablic  as  well  as  a  private 
nature,  for  the  construction  of  a  comprehensive  reservoir  system  as  in 
the  region  here  in  question. 

It  is  not  intended  in  this  report  to  enter  at  all  into  the  subject  of 
irrigation.  That  subject  has  been  exhaustively  treated  for  many  years 
in  public  reports,  and  the  mass  of  official  literature  relating  to  it  is  so 
great  that  anything  further  in  that  line  would  be  superfluous.  It  will 
be  referred  to  here  only  to  show  its  supreme  influence  in  the  reservoir 
problem  of  the  Far  Westl  Of  the  very  great  importance  of  irrigation,  not 
only  to  the  West  but  to  the  country  at  large,  there  would  seem  to  be  no 
room  for  doubt.  To  one  who  has  seen  the  changes  wrought  in  the  once 
desert  regions  of  Oalifornia,  Arizona,  Utah,  Wyoming,  and  Colorado, 
in  what  used  to  be  as  forbidding  regions  as  any  still  remaining  in  that 
country,  there  can  be  no  doubt  that  the  destiny  of  the  arid  section  of 
America  is  more  dependent  upon  the  waters  that  flow  from  its  moun- 
tains than  upon  the  minerals  that  lie  concealed  within  them.  Already 
in  the  greatest  mineral-producing  States  of  the  West,  California  and 
Colorado,  irrigated  agriculture  yields  a  greater  wealth  of  product  than 
the  mines.  It  is  easy  to  point  out  many  valleys  in  the  arid  regions  the 
future  development  of  which,  under  irrigation,  will  sustain  in  each  a 
population  greater  than  that  at  present  is  to  be  found  in  the  States 
where  they  are  located.  There  can  be  scarcely  a  doubt  that  the  ultimate 
extent  of  this  development  is  limited  only  by  the  capacity  of  the  streams, 
and  the  vital  and  controlling  function  of  these  streams  in  the  future 
welfare  of  a  vast  extent  of  the  national  domain  is  a  matter  too  obvious 
to  require  demonstration. 

But  to  utilize  fully  this  element  of  national  growth  something  more 
must  be  done  than  to  take  these  streams  as  nature  has  created  them. 
Already  in  many  sections  the  natural  flow  has  been  used  as  far  as  it  is 
practicable  to  do  so.  The  only  resource  left  is  to  store  that  portion  of 
the  flow  that  runs  away  in  nonirrigation  seasons  and  the  surplus  in 
times  of  annual  flood  and  sudden  fresbets  and  make  these  also  available 
for  use.  Not  until  that  is  done  can  a  stream  be  said  to  be  really  utilized 
to  the  fullest  extent. 

Here,  then,  is  a  definite  reason  of  the  highest  validity  for  the  construc- 
tion of  reservoirs.  It  is  of  itself  a  sufficient  reason,  without  any  reference 
to  the  incidental  benefits  to  the  streams  below. 

Another  particular  and  definite  reason  is  flood  protection  along  the 
streams  immediately  below  the  reservoirs.  The  destructive  power  of 
mountain  floods  is  sometimes  very  great,  and  damages  of  vast  amount 
have  been  wrought  by  them.  The  damage  from  these  mountain  floods 
will,  of  course,  increase  with  the  settlement  of  the  country.  Well-built, 
capacious  reservoirs  are  an  almost  complete  protection  against  such 
floods,  and  their  usefulness  in  this  respect  will  be  an  important  consid- 
eration in  their  favor. 

While  there  are  these  clear  and  positive  arguments  in  favor  of  the 
storage  of  the  surplus  flow  of  our  Western  streams,  there  are  none  of 
weight  against  it.  It  may  be  set  down  as  a  rule,  to  which  there  are 
very  few  exceptions,  that  every  artificial  body  of  water  created  in  the 
West,  by  which  the  surplus  water  of  its  streams  is  held  back,  will  be  a 
positive  benefit.  There  are  some  who  even  go  so  far  as  to  think  that 
the  influence  of  these  stored  waters,  which  would  cause  the  streams  to 
return  to  vapor  in  the  near  locality  of  their  origin  instead  of  flowing 
down  to  the  sea,  would  have  a  marked  beneficial  effect  upon  the  rate 
of  precipitation  in  the  West. 

The  inevitable  tendency  of  Western  development  is  therefore  to  stor« 
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the  waters  of  the  streams,  and  the  limit  of  development  in  this  direo- 
tion  seems  certainly  to  be  nothing  less  than  the  final  utilisation  of  all 
their  flow.  As  reservoirs  are  indispensable  aids  to  this  end,  it  will  be 
seen  that  their  oonstrnction  as  an  element  of  growth  of  the  Western 
country  is  not  merely  << desirable" — ^it  is  absolutely  necessary.  The 
only  question  in  this  connection  that  admits  of  doubt  or  uncertainty  is, 
What  is  the  proper  agency  to  do  the  workt 

XYI.— BBSEBYOIB  CONSTBUCTION  IK  THE  ABED  REGIONS. 
HOW  OAK  IT  BB  BEST  AOCOMPLISHED  T 

Beservoir  construction  in  the  West  can  be  accomplished  by  any  of 
five  agencies,  or  by  all  together.  Two  of  these  are  of  a  private  nature, 
viz,  private  individuals  and  companies  or  corporations.  The  other 
three  are  of  a  public  nature  and  are  irrigation  districts,  the  States,  and 
the  General  Government.  Let  these  several  agencies  oe  considered  in 
the  above  order. 

PBIVATE  IKDIVIDUALS. 

It  is  easy  to  see  that  reservoir  construction  can  not  be  carried  on 
single  handed  by  individuals  except  upon  a  very  limited  scale.  When 
a  reservoir  is  built  upon  any  site  it  is  important  that  the  capacity  of 
the  site  and  the  stream  be  fully  developed.  But  such  works  are  ordi- 
narily very  expensive.  Even  if  the  financial  resources  of  the  individual 
would  permit  the  construction,  the  use  he  could  make  of  it  afterwards 
would  probably  not  require  as  large  a  reservoir  as  could  be  built,  and 
he  certainly  could  not  be  expected  to  build  for  the  benefit  of  others. 
The  result  would  be  that  very  few  works  of  magnitude  would  be  com- 
menced at  sdl  and  those  commenced  would  probably  not  be  what  the 
true  capacity  of  the  sites  would  call  for.  Again,  it  is  wholly  improba- 
ble that  works  so  built,  looking  only  to  immolate  returns  upon  invest- 
ments, would  be  of  that  permanent  and  enduring  character  which  it  is 
greatly  to  be  desired  that  they  should  possess. 

The  same  argument,  in  a  less  degree,  applies  to  corporate  manage- 
ment of  these  works.  In  the  matter  of  financial  requirement  the  prob- 
lem could  possibly  be  solved  in  this  way.  But  no  investment  is  feasible 
unless  the  investor  can  control  the  property  of  which  it  is  made  the 
subject.  Now,  water  is  perhaps  the  most  elusive  of  all  forms  of  prop- 
erty. The  owner  must  not  only  control  the  source  of  supply,  but  the 
place  of  application  as  well.  If  it  be  the  supply  of  a  city  and  a  company 
has  secured  its  monopoly,  if  it  be  a  canal,  or  if  it  be  a  definite  site  for 
the  development  of  water  power,  then  the  difficulties  of  the  situation 
are  reduced  to  a  minimum.  But  when  it  comes  to  applying  water  to 
land  the  case  is  different.  To  insure  a  remunerative  use  of  the  water 
sapply  it  is  necessary  to  control  the  land  where  it  is  to  be  applied. 
There  are  several  examples  in  the  more  limited  valleys  of  the  short 
coast  streams  of  California  where  this  has  been  done  with  some  measdre 
of  success.  But  one  has  only  to  examine  the  history  of  these  works, 
and  consider  the  vast  amount  of  financial  failure  which  has  accompanied 
them,  and  the  interminable  litigation  to  which  they  have  given  rise,  to 
see  that  even  in  this  favorable  section  the  method  has  been  far  fi[x>m 
I,!  an  unqualified  success.    There  are  doubtless  few  people  in  California 

^  today  who  will  not  admit  that  it  would  have  been  better  if  these  works 

could  all  have  been  constructed  under  some  sort  of  public  control 
When  it  comes  to  other  sections  of  the  country  the  conditions  would 
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be  still  more  unfavorable.  In  Wyoming  the  policy  of  small  holdings 
is  far  better  established  than  in  Oalifomia.  Corporate  control  of  large 
areas  is  more  difficult,  and  the  streams  are  of  such  length,  and  the  ben- 
efits of  the  sources  of  supply  reach  so  far,  that  it  would  be  impossible 
to  control  them  all. 

The  reservoir  sites  considered  in  this  report  are  good  examples.  In 
the  case  of  the  South  Platte  site  in  Colorado,  the  value  of  this  reservoir 
for  water  power  might,  owing  to  its  proximity  to  a  great  industrial 
center  of  population,  be  sufficient  to  justify  its  construction;  but  even 
here  the  company  could  not  realize  the  legitimate  fruit  of  its  labors,  for 
the  water  would  flow  on  to  sections  over  which  it  would  have  no  con- 
trol and  be  used  over  and  over  again  in  irrigation.  The  Loveland  site 
would  seem  to  be  especially  favorable  for  a  paying  investment,  since  it 
lies  in  the  heart  of  a  rich  agricultural  section  where  every  foot  of  its  sup- 
ply could  and  woviild  be  profitably  used.  But  I  was  told  by  Professor 
Carpenter,  of  the  State  Agricultural  College  of  Colorado,  that  the  diffi- 
culties in  the  way  of  developing  this  site,  based  upon  the  drawback 
above  noted,  are  such  that  private  investors  can  not  safely  take  hold  of 
it.  In  the  other  localities  the  matter  presents  even  greater  difficulties. 
The  waters,  of  the  Piney  flow  through  not  only  the  Piney  Valley  itself, 
but  have  been  turned  in  part  across  from  the  Powder  liiver  watershed 
into  that  of  Tongue  Biver  and  ramify  in  an  almost  endless  series  of 
ditches.  It  would  seem  to  be  an  impossible  problem  to  build  these 
reservoirs  as  an  investment  scheme  pure  and  simple.  The  storage  of 
the  Sweetwater  site  will  be  used  over  so  vast  an  extent  of  territory 
that  any  effective  control  of  it  is  absolutely  out  of  the  question.  In  the 
case  of  the  Laramie  a  storage  project  of  less  pretentious  magnitude  has 
been  thought  of  by  the  Wyoming  Development  Company,  which  con- 
trols considerable  areas  of  land  near  Wheatland,  Wyo. ;  but  I  do  not 
understand  that  even  this  project  would  justify  a  storage  scheme  such 
as  would  really  develop  the  full  resources  of  the  Laramie  rivers. 

The  matter  of  private  or  corporate  construction  of  these  storage 
works  is  therefore  seen  to  be  one  of  very  doubtful  practicability  from  a 
financial  view  alone,  while  in  neither  case  is  it  likely  that  reservoir 
sites  would  be  developed  to  their  full  capacity,  as  they  should  be,  but 
only  to  the  extent  that  would  be  most  advantageous  to  the  investment 
itself.  The  result  would  be,  from  a  public  point  of  view,  an  incomplete 
and  imperfect  system. 

There  is  another  view  of  great  public  importance  which  also  tends 
in  the  same  direction.  It  is  becoming  more  and  more  apparent  in  the 
course  of  irrigation  development  in  the  West  that  the  waters  of  the 
streams  should  not  be  made  the  subject  of  private  proi>erty,  but  that 
they  should  inhere  in  the  land  to  which  they  are  applied,  and  that 
purchase  or  sale  of  water  as  a  commodity  should  not  be  allowed. 
Although  in  most  States  the  contrary  doctrine  has  hitherto  prevailed, 
the  disposition  of  the  courts  at  present  and  the  views  of  practical 
irrigators  seem  to  incline  more  and  more  to  the  doctrine  of  the  public 
character  of  all  streams.  In  one  State,  Wyoming,  this  more  enlightened 
doctrine  has  gained  a  secure  foothold,  and  the  entire  administration  of 
the  water  laws  is  based  upon  it.  That  State  has  profited  by  the  mis- 
takes of  others,  and  although  great  pressure  has  been  exerted  in  favor 
of  the  opposing  doctrine,  it  has  not  yet  yielded  in  a  single  point.  It  is 
dear  that  this  principle  can  best  be  promoted,  so  far  as  stored  waters 
are  concerned,  by  having  the  storage  works  public  property.  Their 
construction  by  private  agencies  is  hardly  separable  from  the  control 
and  disposition  of  the  water  as  a  commodity. 
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A  proper  development  of  a  storage  system  for  the  waters  of  Western 
streams,  it  is  thas  seen,  can  not  be  expected  through  private  agencies. 
It  most  be  accomplished  through  some  form  of  public  control. 

IRRieATION  DISTRICTS. 

Irrigation  districts  would  seem  theoretically  to  present  very  many  of 
the  advantages  to  be  expected  firom  the  public  construction  of  storage 
works.  They  are  designed  to  enable  the  residents  of  a  particular  sec- 
tion of  country,  which  is  naturally  watered  by  a  common  stream  or 
source  of  supply,  to  organize  for  mutual  promotion  of  irrigation  enter- 
prises  in  the  development  of  its  lauds.  As  exemplified  by  the  cele^ 
brated  Wright  law  of  California,  such  a  community,  by  complying  with 
certain  conditions,  can  form  a  district,  issue  bonds,  construct  reservoirs, 
ditches,  and  other  irrigation  works,  and  the  bonds  therefor  become  a 
first  lien  upon  the  real  property  of  the  district.  The  lowers  thus 
granted  are  seen  to  be  almost  those  of  sovereignty,  while  the  territorial 
restrictions  limit  districts  to  territory  in  which  the  interests  to  be  pro- 
moted are  as  similar  as  can  possibly  be  secured.  The  law  is,  a  priori, 
an  admirable  invention  to  secure  a  public  administration  of  irriga- 
tion works,  and  is  one  from  which  great  results  would  naturally  be 
expected. 

But  the  history  of  the  measure  has  thus  far  been  distinctly  the 
reverse.  Districts  were  injudiciously  and  even  fraudulently  created. 
Works  were  entered  upon  without  proper  professional  information  and 
were  frequently  found  inadequate  to  the  uses  required  of  them.  In 
many  cases  visionary  and  worthless  projects  were  put  through  at  the  in- 
stigation of  contractors  and  promoters,  who  expected  to  profit  tliereby. 
Some  districts  were  formed  where  the  judgment  of  a  majority  of  the 
property  owners  was  against  it,  and  in  many  other  respects  the  opera- 
tion of  the  law  was  almost  a  disgrace  to  the  State.  The  irrigation 
bonds  of  course  quickly  responded  to  the  influence  of  the  system.  They 
depreciated  in  value,  so  that  disposition  of  them  was  impossible  on  any 
reasonable  terms.  Stagnation  of  work  ensued,  and  many  districts  were 
left  with  a  heavy  bonded  indebtedness,  a  first  lien  upon  the  lands,  and 
no  irrigation  works  to  show  for  it.  The  system  has  been  emphatically 
a  great  disappointment  in  its  practical  workings  thus  far,  and  although 
the  correction  of  some  of  its  obvious  defects  will  improve  its  opera- 
tions in  the  future,  it  will  not  be  easy  to  rehabilitate  it  in  the  public 
confidence. 

But  it  is  clear  that  however  much  the  district  system  maybe  im- 
proved in  its  application  to  distribution  works,  it  can  not  develop  a 
comprehensi  ve  system  of  reservoirs.  In  the  first  place,  it  will  naturally 
limit  its  enterprise  in  any  case  to  the  need  of  a  district.  A  comprehen- 
sive work,  which  should  consider  the  full  capacity  of  the  site  and  make 
of  it  all  that  it  was  capable  of,  could  not  be  expected.  A  district  would 
not,  of  course,  build  for  the  benefit  of  others.  Add  to  this  that  the 
resources  of  the  districts  would  necessitate  the  strictest  curtailment  of 
expenses  and  would  rarely  permit  the  scale  of  expenditure  which  the 
best  results  would  require,  and  it  is  readily  seen  that  this  form  of  public 
control  of  reservoir  works  would  not  produce  the  best  results. 

STATE  OR  NATION. 

There  remain  to  be  considered  the  States  and  the  Federal  Government 
as  the  only  agencies  qualified  to  create  a  comprehensive  reservoir  sys- 
tem in  the  West.    In  many  respects  the  arguments  whidi  apply  to 
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Federal  control  of  these  works  apply  equally  to  State  controL  In 
each  case  the  agency  is  in  the  broadest  sense  a  public  one,  each  being 
within  it«  proper  sphere  the  sovereign  power  of  the  people,  deriving 
its  revenues  from  general  taxation,  without  regard  to  the  special  pur- 
pose to  which  the  revenue  is  applied.  It  will,  therefore,  only  be  neces- 
sary here  to  inquire  which  of  the  two  will  be  most  likely  to  produce 
effective  results. 

In  the  first  place,  the  work  is  distinctly  interstate  in  character,  and 
is,  therefore,  less  properly  a  State  than  a  national  enterprise.  In 
scarcely  any  State  except  those  on  the  Pacific  Coast  are  the  streams 
confined  to  limits  of  the  States.  Wyoming,  for  example,  is  the  foun- 
tain head  of  streams  that  flow  to  every  point  of  the  compass  and 
traverse  or  border  upon  no  fewer  than  twenty  other  States  or  Territories. 
The  same  is  true  in  a  less  degree  of  Colorado.  There  is  no  reservoir 
that  can  be  built  in  either  of  these  States  the  influence  of  which  will 
not  cross  its  borders  and  be  felt  in  other  States.  With  a  comprehen- 
sive system  of  reservoirs  this  matter  would  become  one  of  great  impor- 
tance, and  tho  continued  settlement  of  the  country  and  the  progres- 
sive utilization  of  the  streams  will  render  it  one  of  perpetual  concern 
to  the  public.  Already  the  interstate  character  of  some  of  these 
streams  is  giving  rise  to  troublesome  questions,  which  only  Federal 
authority  can  answer.  Nebraska  has  complained  of  the  monoply  of 
the  waters  of  the  South  Platte  by  the  State  of  Colorado.  Irrigators  in 
Wyoming  have  felt  the  drain  on  the  river  Laramie  by  Colorado  parties, 
who  have  turned  away  into  their  own  streams,  just  south  of  the  border, 
a  considerable  percentage  of  its  flow.  There  have  been  complaints  in 
Utah  over  appropriation  by  the  State  of  Wyoming  of  the  waters  of 
Bear  Eiver,  already  claimed  by  Utah  irrigators.  That  more  of  these 
questions  have  not  already  arisen  is  only  because  the  natural  flow  of 
the  streams  has  not  yet  been  all  usdd  up.  So  long  as  there  is  water 
enough,  of  course  there  will  be  no  serious  complaint. 

In  the  case  of  reservoirs  it  not  infrequently  happens  that  some  of 
the  very  best  sites  are  to  be  found  close  to  State  lines,  where  the  waters 
80  stored  will  flow  immediately  into  neighboring  States.  In  these 
extreme  cases  the  States  where  they  are  located  could  not,  of  course, 
be  expected  to  construct  reservoirs,  and  the  States  to  be  benefitea 
would  not  be  likely  to  go  outside  their  own  borders  to  do  so.  The 
fdnction  clearly  pertains  to  that  sovereignty  which  covers  all  the 
country  and  embraces  the  streams  from  their  sources  to  the  sea.  It 
alone  can  store  these  waters  and  be  sure  that  it  is  reaping  the  full 
benefit. 

The  policy  of  the  Government  in  the  matter  of  the  preservation  of 
the  forests  of  the  country  is  a  case  directly  in  point.  There  seems  to 
be  a  well-nigh  universal  consensus  of  opinion  that  the  preservation  of 
the  forests  of  the  arid  regions  is  distinctly  a  Government  duty. 
Considerable  appropriations  have  been  made  for  the  surveys  of 
proposed  reservations,  and  ways  and  means  for  their  preservation  are 
being  considered.  Kow,  one  of  the  great  arguments  always  advanced 
in  favor  of  forest  preservation  is  the  influence  which  forests  are 
supposed  to  have  in  conserving  the  flow  of  the  streams.  Inasmuch  as 
the  commercial  value  of  these  forests  is  practically  insignificant, 
except  for  furnishing  fuel  and  rough  timber,  the  water  question  is 
really  the  more  important  one.  If  it  is  properly  a  Government  function 
to  preserve  the  forests  in  order  to  conserve  the  flow  of  the  streams, 
surely  it  can  not  be  less  a  Government  function  to  execute  works  which 
will  conserve  that  flow  even  more  positively  and  directly.    Granting 
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all  that  can  be  said  of  forests  in  this  connection,  they  certainly  can 
nev'er  prevent  the  Jane  rise,  and  it  is  precisely  this  waste  flow  which 
reservoirs  will  help  to  save.  The  forests  onght  unqaestionably  to  be 
preserved,  and  the  Government  is  the  proper  agency  to  do  it,  but  the 
principal  arguments  therefor  apply  with  accentuated  force  to  the 
construction  of  reservoii*s. 

Another  reason  why  the  Government  should  have  an  interest  in  this 
work  is  that  it  is  the  largest  landowner  in  the  arid  west.  In  Wyoming, 
over  90  per  cent  of  the  soil  belongs  to  the  Government,  and  its  holdings 
throughout  the  West  include  millions  of  acres  which  can  be  reclaimeid 
from  their  present  desert  condition  and  made  productive  lands.  In  this 
respect.  Government  assistance  in  providing  water  for  irrigation  is  a 
simple  business  proposition  for  the  enhancement  of  its  own  property. 

In  the  matter  of  resources,  we  at  once  encounter  an  insuperable 
obstacle  to  extensive  public  works  on  the  part  of  most  of  the  States. 
Their  revenues  will  not  permit  it.  In  some  States  taxation  is  limited 
by  the  constitution  to  certain  percentage  of  valuation.  The  State  in 
such  a  case,  if  without  sufficient  revenue,  is  absolutely  forestalled  from 
carrying  on  works  which  might  enhance  the  value  of  property  in  the 
State  and  lead  to  increased  revenue.  There  is  no  discoverable  method 
by  which  adequate  means  can  be  obtained  for  State  works  of  any  mag- 
nitude at  this  stage  of  their  development  unless,  as  urged  by  some,  it 
be  through  a  gift  to  the  States  of  the  public  lands  within  their  borders. 
As  this  is  a  matter  of  vital  importance,  not  only  to  the  future  develop- 
ment of  the  West,  but  to  the  particular  question  with  which  we  are 
here  concerned,  a  brief  reference  to  it  will  be  given. 

In  order  to  facilitate  the  development  of  the  country  under  the  rap- 
idly changing  industrial  conditions  of  the  West,  and  particularly  to 
provide  the  States  with  an  increased  revenue,  it  is  being  strongly 
urged  in  various  quarters  that  the  public  lands  be  ceded  to  the  States. 
It  is  then  proposed  to  use  the  nonirrigable  lands,  which  are  only  fit  for 
grazing  in  connection  with  irrigable  lands,  so  that  the  holder  of  irriga- 
ble land  upon  any  stream  may  hold  also  a  good  extent  of  grazing  Umd 
contiguous  thereto,  and  that  the  grazing  lands  of  the  West  may  be  so 
divided  that  every  portion  shall  have  access  to  water  somewhere.  The 
free-range  industry  is  practically  a  thing  of  the  past,  and  is,  by  its 
very  nature,  incompatible  with  the  permanentsettlement  of  the  country. 
Since  the  latter  is  bound  to  come  about  sooner  or  later,  a  division  of  the 
grazing  lands  would  seem  to  be  a  necessity  of  the  near  future,  and  the 
public-land  laws  will  have  to  be  modified  to  secure  this  end.  It  is  argued 
that  if  the  lands  are  ceded  to  the  States  under  proper  restriction  they 
can  be  leased  at  a  small  rental  (1  cent  per  annum  per  acre  has  been  sug- 
gested), and  the  States  can  thus  derive  enough  revenue  to  enable  them 
to  undertake  the  works  in  question.  Pro£  Elwood  Mead,  State  engi- 
neer of  Wyoming,  estimates**  that  the  revenue  ftoip,  this  source  in 
the  State  of  Wyoming  would  be  (500,000.  Of  the  soundness  of  this 
view  as  to  the  proper  distribution  of  the  public  lands  it  is  not  essential 
to  the  purposes  of  this  report  to  speak.  The  ends  sought  to  be  attained 
by  it  are  undoubtedly  necessary  to  the  welfare  of  that  section  of  the 
country,  and  it  is  greatly  to  be  desired  that  the  Government  will  assist 
in  bringing  them  about.  If  it  will  not  cede  the  lands  to  the  States 
outright,  it  could  at  least  pass  laws  to  facilitate  their  proper  disjKwition 
under  existing  conditions,  and  it  could  aid  in  the  construction  of  those 

*The  Arid  Pnblio  LaudB— Their  Reclamation,  Management^  and  Disposal.  Read 
before  the  American  Society  of  Irrigation  Engineers  at  Denyer,  Colo.,  Deeember 
11«  1886b 
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public  works  of  national  importance  which  tbje  deficient  revenues  of  the 
States  prevent  them  from  undertaking* 

In  the  course  of  my  investigations  I  have  found  a  well-nigh  unanimous 
public  sentiment  in  favor  of  Government  aid  in  the  construction  of  these 
important  works.  Such  adverse  opinions  as  I  have  encountered  have 
been  based  almost  entirely  upon  the  assumption  that  the  project  con- 
templates Government  control  of  irrigation  works.  This  I  do  not  under- 
stand to  be  the  case  at  all.  If  it  were  it  would  certainly  be  a  conclu- 
sive objection  to  the  whole  scheme.  The  time  was,  some  fifteen  or  twenty 
years  ago,  when  the  inauguration  of  a  comprehensive  policy  by  the 
Government  for  the  development  of  irrigation  in  the  arid  regions  might 
have  been  productive  of  much  good;  but  that  opportunity  has  passed. 
The  States  have  taken  up  the  work  and  the  whole  system  is  now  built 
up  under  State  laws,  interpreted  by  State  courts,  and  administered  by 
State  ofiScials.  There  is  no  reason  to  think  that  this  is  not  the  best 
possible  arrangement.  The  States  occupy  the  place  in  matters  of  this 
sort  which,  in  foreign  countries,  as  India,  France^  Canada,  etc.,  is  occu- 
pied by  the  Government.  A  corps  of  trained  engineers  has  grown  up  in 
the  West  as  fully  qualified  in  every  respect  for  their  work  as  the  profes- 
sion affords.  The  works  themselves  are  strictly  local,  confined  to  the 
people  of  the  State,  and  only  very  rare  instances  concerning  any  others. 
So  far  as  distributing  systems,  water  rights,  etc.,  are  concerned,  it  is  in 
every  way  better,  in  fact  indispensable,  to  have  these  matters  entirely  in 
the  hands  of  the  States.  The  results  of  my  investigations  have  shown 
nothing  else  more  clearly,  and  this  report  must  not  be  construed  as  in 
any  way  indorsing  the  project  of  Government  control  of  irrigation 
works.  In  only  one  case  can  there  be  any  ground  for  asking  Govern- 
ment aid  in  the  construction  of  distributing  systems.  K  it  ever  becomes 
advisable  to  attempt  to  turn  the  waters  of  the  larger  streams  over  gieat 
extents  of  country,  involving  the  construction  of  canals,  perhaps  hun- 
dreds of  miles  long,  and  passing  from  one  State  to  another,  then  the 
magnitude  and  interstate  character  of  the  work  might  give  it  a  claim 
to  consideration  by  the  General  Government. 

In  the  matter  of  storage  reservoirs  the  case  is  entirely  different. 
Their  purpose  is  simply  to  enlarge  and  reenfbrce  the  natural  resources 
of  the  streams,  leaving  the  use  of  their  waters  to  be  disposed  of 
exactiy  as  at  present — unless  indeed,  an  occasional  exercise  of  control 
were  necessary  in  times  of  flood  or  other  emergency.  The  works  are 
not  solely  of  local  importance,  but  have  an  interstate  character.  The 
case  is  in  every  respect  like  that  of  the  Government  control  and  pres- 
ervation of  forests,  to  which  attention  has  already  been  called. 

Another  objection  to  Government  construction  which  I  have  met 
with  is  based  upon  the  idea  that  no  such  work  ought  to  be  constructed 
unless  it  will  clearly  pay  a  good  return  upon  its  cost,  and  it  is  urged 
that  in  such  a  case  private  capital  itself  would  take  up  the  work. 
Two  errors  underlie  this  argument.  In  the  first  place,  a  work  may  be 
a  justifiable  and  profitable  one  from  a  public  point  of  view  when  it 
would  not  be  so  at  all  as  a  private  investment.  As  already  explained, 
the  benefits  which  a  reservoir  may  give  rise  to  are  generskUy  not  capa- 
ble of  such  control  as  will  give  a  revenue  from  them.  The  example  of 
the  proi>osed  South  Platte  Eeservoir  has  already  been  cited.  The 
water  from  this  reservoir,  as  it  descends  from  the  mountains,  6,840 
feet  above  sea  level,  may  be  used  first  for  water  power  in  that  important 

*Itmay  be  of  interest  to  Iniow  that  in  the  only  instanoe  where  State  aid  has  been 
giren  to  reserroir  constrnotion,  the  experiment  has  been  a  confessed  failore.  (See 
sopy  of  letter  from  Mr.  Horace  A.  SomneTi  ex-State  engineer  of  Colorado,  whioh  it 
appended  to  this  report.    Appendix  £.) 
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industrial  center.  It  may  also  be  used  for  municipal  purposes  in 
Denver  and  other  towns.  It  will  then  be  pat  out  upon  the  fields  below 
and  be  used  in  irrigation.  That  portion  returning  in  seepage  (about 
30  per  cent)  may  be  used  over  again.  In  flood  time  the  flow  of  the 
stream  is  held  back  and  withdraws  so  much  from  the  high  water  of  the 
lower  rivers.  Now^  a  private  company  might  turn  some  one  of  these 
uses  to  account,  but  never  all  of  them.  The  Government  would  reap 
the  benefit  of  all,  for  it  does  not  seek  its  return  in  the  form  of  levy  or 
toll,  but  in  the  general  enrichment  of  the  people  and  increase  of 
national  wealth.  Judged,  therefore,  by  the  mere  question  of  dollars 
and  cents,  a  work  may  be  entirely  justifiable  as  a  public  enterprise 
which  would  be  ruinous  as  a  private  investment. 

The  other  error  involves  a  fundamental  misconception  of  the  aim  and 
purpose  of  public  works.  It  should  be  remembered  that  the  works 
herein  proposed  are  of  the  most  substantial  and  enduring  character. 
Biver  improvements,  fortifications,  public  buildings,  and  the  like  are 
liable  to  destruction  and  decay,  but  a  mass  of  earth  or  masonry  prop- 
erly placed  in  a  great  dam  becomes  as  lasting  as  the  hills  which  inclose 
it.  Constructed  to  endure  for  all  time,  the  benefits  which  flow  from 
these  works  will  be  perpetual.  It  is  not  for  the  Government,  thereibre, 
with  its  lease  of  life  altogether  beyond  that  of  an  individual  or  com- 
pany, to  limit  its  expense  as  an  individual  would  to  the  certainty  of 
entire  reimbursement  within  a  few  years.  When  it  improves  a  site,  it 
should  improve  it  once  for  all  to  its  full  capacity  with  the  most  thorough 
and  substantial  workmanship,  making  the  work  final  and  complete, 
being  certain  that  the  heavy  first  expense  will  be  ultimate  economy. 

The  foregoing  examination  has  led  up  to  the  following  conclusions: 

First.  A  comprehensive  reservoir  system  in  the  arid  regions  of  the 
ITnited  States  is  absolutely  essential  to  the  future  welfare  of  this  por- 
tion of  the  national  domain. 

Second.  It  is  not  possible  to  secure  the  best  development  of  such  a 
system  except  through  the  agency  of  the  General  Government. 

Thus  far  the  question  of  the  ^'practicability  and  desirability"  of 
Government  patronage  of  these  works  admits  of  a^  definite  answer  in 
the  affirmative.  As  to  the  questions  of  public  policy  involved  in  such 
a  step,  it  is  assumed  that  their  consideration  was  not  intended  to  be 
embraced  in  this  report. 


1 1 


XVn.— PRACTICAIi  WORKINGS. 

Before  entering  upon  any  work  of  construction,  the  Government 
should  acquire  full  title  to  the  site  of  the  reservoir  and  accessory 
works.  It  should  secure  cession  by  the  State  of  jurisdiction  to  the  site, 
so  as  to  release  the  land  from  taxation  and  other  regulations  pertaining 
to  the  local  government.  It  should  also  obtain  a  right  to  the  streams 
for  filling  the  reservoir,  so  far  at  least  as  to  preclude  others  from  inter- 
fering with  the  uses  for  which  it  is  built.  It  should  then  construct  the 
work  itself,  and  not  by  subsidy  or  donation  either  to  the  State  or  pri- 
vate parties.  It  should  hold  and  maintain  the  work  after  coustruction 
just  as  it  does  its  other  public  works.  The  use  of  the  waters  so  stored 
should  be  absolutely  free  to  the  people  forever,  just  as  the  canals,  har- 
bors, and  other  pubUo  works  are  free  for  general  use  without  toll  or  levy 
of  any  kind.  The  Government  should  have  the  right  to  close  the  reser- 
voirs in  times  of  flood,  and  to  exercise  any  other  control  which  might 
be  deemed  essential  to  the  public  welfare  on  the  streams  in  the  valleys 
below.  Subject  to  these  conditions,  the  waters  of  the  reservoirs  should 
be  available  for  irrigation,  municipal,  or  other  industrial  uses,  and 
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lonld  be  released  apon  reqaisition  of  the  proper  State  officer  (ordinarily 
le  State  engineer)  in  snch  quantities  as  may  be  required.  The  waters 
>  released  should  be  subject  to  the  same  local  laws  and  regulations  as 
ertain  to  the  streams  in  their  natural  condition. 

In  this  relation  of  nation  and  State  tiiere  is  no  room  for  any  clash  of 
athority,  and  there  need  be  none.  The  reservoir  would  always  be  under 
control  which  would  insure  its  efficient  maintenance  and  the  widest 
ossible  range  of  benefits,  and  at  the  same  time  it  would  not  interfere 
1  the  least  with  local  use.  The  only  office  of  the  Government  in  this 
ork  would  be  that  of  rendering  available  certain  natural  resourc*es 
hich  now  go  to  waste.  Its  province  would  end  here,  and  the  use  and 
istribution  of  the  resources  so  conserved  would  be  governed  wholly 
y  local  regulations. 

In  the  acquisition  of  some  sites  more  or  less  difficulty  will  be  experi- 
need  in  getting  a  full  title.  The  most  troublesome  matter  will  be  that 
f  the  condemnation  of  rights  in  futuro,  or  undeveloped  rights — where 
arties  have  filed  claims  to  sites,  but  have  done  nothing  to  develop  them, 
ti  such  cases  there  ought  to  be  no  damages  paid  except  those  which 
^present  actual  realized  values,  either  acquired  titles  to  lands,  improve* 
lente  thereon,  or  other  tangible  forms  of  property. 

XVllI.— MAGNITUDE  AND  COST  OP  WOKK. 

In  case  the  Government  should  ever  take  up  the  work  of  construct- 
\g  reservoirs  in  the  arid  region,  it  will  be  a  matter  of  great  importance 
)  understand  as  far  as  possible  beforehand  the  probable  magnitude  of 
le  work  and  its  ultimate  cost.  Of  course  neither  of  these  matters  can 
e  predetermined  with  very  great  accuracy,  but  still  an  estimate  can 
e  made  which  will  give  a  fair  basis  for  consideration  of  the  subject. 
kS  already  stated,  in  order  to  utilize  fully  the  natural  flow  of  the 
breams  in  the  West,  a  certain  percentage  of  that  flow  will  have  to  be 
bored  in  reservoirs.  This  percentage  will  of  course  vary  in  different 
)calities.  The  maximum  flow  of  some  streams  comes  much  earlier 
ban  that  of  others,  and  is  therefore  less  available  to  meet  the  maxi- 
lum  demand  for  irrigation.  Again,  the  character  of  crops  is  an 
nportant  element  in  the  use  of  water.  Some  crops  require  watei 
iirly  and  others  late  in  the  season,  and  the  combination  of  all,  as  cuL 
vated  in  a  particular  section,  is  necessary  in  order  to  determine  the 
emand  throughout  the  season.  Ko  absolute  percentage,  but  only  a 
eneral  average,  can  therefore  be  fixed  upon. 

By  way  of  general  illustration,  let  us  take  the  case  of  the  Oache  k  la 
'oudre  Eiver  in  Colorado.  Its  annual  flow  in  cubic  feet  per  second 
er  month  is  shown  on  the  curve  A  A  A  in  the  accompanying  plate, 
he  area  within  the  curve  may  be  taken  as  representing  the  entire  flow 
)r  the  year.  According  to  Professor  Carpenter,  of  the  State  Agricul- 
aral  College  of  Colorado,  irrigation  begins  generally  in  May,  reaches 
A  maximum  in  June,  which  it  nearly  maintains  through  July,  falls 
way  rapidly  in  August,  and  generally  ends  in  September.  I  have 
iierefore  assumed  these  limits  in  this  illustration,  and  have  repre- 
snted  by  the  curves  B  B  B,  C  0  C,  and  D  D  D  the  assumed  demand 
nring  the  irrigation  season.  It  will  be  understood  that  these  curves 
re  not  intended  to  represent  absolutely  actual  conditions,  for  the 
ariations  in  crops  and  seasons  make  this  impossible.  They  are  simply 
pproximations  for  the  purpose  of  illustration. 

Consider  the  curve  B  B  B,  fig.  1.  It  is  clear  that  this  amount  of  irriga- 
on  could  not  be  carried  on  from  an  unaided  stream,  for  between  Y, 
t)oat  July  12,  and  Z,  September  1,  the  demand  exceeds  the  supply  and 
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the  irrigation  ourre  lies  above  the  curve  of  flow  daring  that  i>eriod. 
Olearly,  the  limit  of  eoonomical  irrigation  firom  the  natural  stream  will 
be  when  the  two  carves  are  tangent  to  each  other,  as  at  X,  and  this 
limit  is  shown  by  the  carve  000,  fig.  1.  The  area  within  this  carve  is 
32.7  per  cent  of  the  area  within  the  carve  of  flow,  or,  in  other  words, 
32.7  per  cent  of  the  flow  of  the  stream  can  be  economically  ased  without 
the  aid  of  reservoirs. 

Bat  this  does  not  mean  that  the  remaining  67.3  per  cent  of  the  stream 
mast  be  stored  in  order  that  the  whole  may  be  utilized.  Suppose,  for 
example,  that  the  deficiency  represented  by  the  space  Y  B  Z  X  Y  were 
made  up  by  storage.  Then  an  amount  of  water  could  be  used  that 
would  be  represented  by  the  curve  B  B  B.  The  total  area  of  this  curve 
is  47.8  per  cent  of  that  of  the  curve  of  flow,  of  which  5.1  per  cent  is 
stored  water  and  42.7  per  cent  is  firom  the  stream  direct.  But  only  32.7 
per  cent,  we  found,  could  be  taken  from  the  stream  direct  in  its  natural 
condition.  The  storage  of  5.1  per  cent  of  its  flow  has,  therefore,  added 
10  per  cent  to  the  amount  which  may  be  taken  from  the  stream  direct 

The  limit  of  storage  which  will  be  necessary  to  utilize  the  whole 
stream  will,  therefore,  be  represented  by  the.  space  M  D  D  N  A  A  M, 
flg.  2,  Tuben  this  space  is  just  equal  the  space  witiiin  the  curve  of  flow  and 
outside  the  curve  of  irrigation.  This  storage  space  is  indicated  either 
by  the  oblique  or  horizontal  shading,  which  are  equal  in  area  to  each 
other,  and  is  a  trifle  less  than  one-half  of  the  space  denoted  by  the  ver- 
tical shading,  which  represents  the  percentage  of  flow  taken  from  the 
stream  direct.  The  exact  percentages,  as  derived  from  this  illustration, 
are  32.5  per  cent  of  stored  water  and  67.5  per  cent  taken  out  direct.* 

It  will  thus  be  seen  that  for  every  cubic  foot  stored,  over  2  cubic 
feet  are  made  directly  available.  In  addition  to  this,  a  certain  amount 
is  made  indirectly  available.  The  records  of  seepage  in  the  Oache  ^  la 
Poudre  Valley  show  that  about'  30  per  cent  of  tiie  water  of  irrigation 
comes  back  into  the  stream  and  can  be  used  again.  This  is  rather  a 
large  percentage,  but  if  it  be  taken  at  25  per  cent,  then  every  foot  of 
water  stored  makes  available  2.5  feet. 

As  above  stated,  no  figure  of  universal  application  is  possible.  Evi- 
dently the  percentage  to  be  stored  will  diminish  as  the  crests  of  the 
curves  of  supply  and  demand  approach  each  other  in  time,  and  wiQ 
increase  as  they  diverge.  Still,  about  one-third  of  the  total  flow  maybe 
taken  as  a  fair  average  the  country  over. 

But  even  this  percentage  can  be  accepted  only  when  the  conditions 
are  such  that  the  entire  flow  of  a  stream  can  be  gotten  out  upon  the 
land.  Kow,  it  is  well  known  that  some  streams  are  so  located  in  deep 
and  inaccessible  canyons  that  it  will  be  forever  impossible  to  command 
their  entire  flow.  Others  lie  partly  in  subhumid  countries  and  their 
frill  flow  will  not  be  required.  Add  to  this  that  private  enterprise  has 
already  stored  some  water  and  will  store  more,  and  it  will  be  seen  that 
the  actual  percentage,  which  remains  to  be  stored,  will  be  much  less 
than  one-third.    I  have  placed  it  at  one-fourth  of  the  entire  flow. 

*  See  Appendix  F,  letters  from  Pro!  Elwood  Head  and  F.  J.  Mills,  State  enginaen 
of  Wyoming  and  Idaho,  resneotirely,  which  indioate  40  and  60  per  cent  as  the  prob- 
able proportion  of  stream  now  to  be  stored.  These  gentlemen  hare  made  omfol 
stndies  of  stream  flow  in  the  West,  and  their  opinions  are  entitled  to  great  weight 
StiUy  I  am  inclined  to  think  that  they  mav  not  have  giren  sufficient  weight  to  the 
point  brought  oat  in  the  above  Ulnstration,  viz,  that  ererj  foot  of  water  storai 
enables  a  certain  additional  amount,  perhaps  another  foot,  to  ie  taken  firam  tk$  $trmm 
direct.  At  any  rate,  it  seems  almost  certain  that,  taking  the  arid  region  as  a  whole, 
and  deducting  for  causes  mentioned  in  the  body  of  the  report,  the  total  amoani 
necessary  to  be  stored,  oomputed  upon  the  entire  area,  will  not  be  more  than  ooe> 
fourth  of  the  run-o£ 
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The  mean  annual  mn-off  from  the  entire  arid  West,  omitting  the 
Paciflc  Ooast  streams,  does  not  exceed  2  inches.  For  the  Missouri 
Biver  watershed  above  Kansas  Oity,  about  490,000  square  miles,  it  is 
1.98  as  a  mean  of  12  years.  The  few  measurements  that  have  been 
made  ui>on  other  streams  indicate  for  the  Bio  Grande  above  El  Paso 
(watershed  30,000  square  miles)  0.72  inch,  and  for  the  Colorado  Biver  at 
Yuma  (watershed  225,000  square  miles)  0.9  inch.  The  flow  of  the  Snake 
Biver  at  its  outlet  (watershed  103,800  square  miles)  probably  averages 
something  over  2  inches.  The  Bear  Biver  in  Wyoming  and  Utah  (water- 
shed 6,000  square  miles)  averages  4.6  inches  at  Golliston,  Utah,  and  the 
Humboldt  Biver  at  Golconda,  Kev.  (watershed  10,780  square  miles),  0.44 
inch.  A  mean  of  2  inches,  as  above  assumed  for  the  entire  arid  region, 
would,  therefore,  seem  te  be  an  outside  figure. 

The  area  of  the  arid  lands  has  been  estimated  at  about  1,300,000 
square  miles.  But  this  covers  a  greater  extent  of  territory  than  can 
reasonably  be  included  in  the  preseut  estimate.  Omitting  the  Pacific 
Ooast  watershed  and  the  subhumid  tracts  east  and  west  of  the  strictly 
arid  zone,  it  is  not  likely  that  over  1,000,000  square  miles  can  prop- 
erly be  considered  as  the  total  area  over  which  the  storage  of  water 
must  be  systematically  developed.  One-fourth  of  a  mean  run-off  of 
2  inches  (one  half  of  an  inch,  equal  to  one  twenty-fourth  of  a  foot) 
over  1,000,000  square  miles  gives  a  total  of  1,161,600,000,000  cubic  feet. 

But  of  course  only  a  very  small  proportion  of  this  water  is  in  any 
present  need  of  storage.  It  will  all  be  needed  only  when  the  agricul- 
tural development  of  the  country  approaches  its  limit,  and  that  is 
certainly  a  matter  of  not  less  than  a  century — probably  much  more. 
To  give  definite  figures  to  the  calculation,  however,  assume  the  entire 
oompletion  of  a  comprehensive  storage  system  for  the  streams  of 
the  arid  region  to  be  the  work  of  only  a  hundred  years.  The  aver- 
age annual  amount  of  reservoir  construction  to  be  done  to  realize  this 
final  total  would  be  represented  by  a  storage  of  11,600,000,000  cubic 
feet,  or  266,300  acre-feet. 

The  average  cost  of  storing  an  acre-foot  of  water,  on  the  basis  of  the 
work  estimated  for  in  this  report,  is  $2.88  per  acre-foot,  computed  upon 
the  full  capacity  of  the  sites,  or  $5.37,  computed  upon  the  supply  imme* 
diately  available.  (See  Section  LK  on  conclusions  and  recommendations 
as  to  the  sites  examined.)  While  this  cost  will  undoubtedly  increase, 
in  the  item  of  right  of  way,  with  the  settlement  of  the  country,  as  well 
as  with  the  progressive  utilization  of  the  best  sites,  it  will  also  diminish 
in  the  item  of  the  execution  of  the  work,  which  will  always  grow  less 
in  proportion  as  the  country  becomes  more  thickly  settled.  Whether, 
on  the  whole,  the  unit  cost  will  increase  or  diminish  can  not  be  foretold. 
It  will  be  better,  in  any  event,  to  take  the  larger  of  the  above  figures 
as  the  unit  basis  in  our  estimate.  The  cost  of  storing  266,300  acre-feet 
of  water  at  $5.37  per  acre-foot  amounts  to  $1,430,031,  which  may  be 
taken  as  a  fiftir  estimate  of  the  annual  cost  of  developiug  a  comprehen- 
sive storage  system  in  the  West  in  a  period  of  one  hundred  years.  The 
average  annual  cost  of  maintenance,  as  already  stated,  may  be  taken 
at  about  1  per  cent  of  the  original  cost  of  construction. 

The  present  annual  value  of  an  acre-foot  of  water  varies  from  50* 
cents  to  93,  depending  upon  localities.  This  will  of  course  go  on 
increasing  with  time,  for  as  the  land  becomes  systematically  cultivated 
and  the  water  supply  approaches  its  limit,  greater  economy  is  practiced 
and  water  goes  much  further  than  when  there  is  a  surplus  for  all  users. 
As  previously  stated,  a  considerable  percentage  of  the  water  used  in 
irrigation  comes  back  in  seepage  and  is  subject  to  a  second  or  third 
naeii    Xhen^  as  was  shown  in  another  place,  every  acre-foot  of  water 
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gtored  makes  available  a  macli  larger  amount,  sometimes  twice  as 
much.  All  these  considerations,  coupled  with  the  growth  of  the  oouik> 
try  and  the  consequent  rise  in  the  remunerative  value  of  natural 
resources,  make  it  a  conservative  estimate  to  place  the  future  average 
annual  value  of  stored  water  for  irrigation  alone  throughout  the  arid 
West  at  not  less  than  $2  per  acre-foot.  At  that  rate  the  original  cost, 
with  maintenance  added,  would  be  returned  within  an  average  period 
of  less  than  three  years. 

Distributed  among  the  States  and  Territories,  seventeen  in  number, 
where  irrigation  is  practiced,  including  those  which  lie  partly  within 
and  partly  without  the  arid  belt,  the  above  annual  expenditure  of 
$1,430,031  would  be  equal  to  $84,119  each. 

Inasmuch  as  the  examinations  herein  reported  upon  were  authorized 
and  directed  by  an  act  of  Congress  making  appropriations  for  rivers 
and  harbors  of  the  United  States,  it  will  be  of  interest  to  inquire  how 
far  this  additional  work  would  probably  augment  the  total  expenditure 
for  these  objects,  and  how  it  would  affect  the  distribution  of  this  expend- 
iture among  the  people.  Although  an  important  work  like  that  of 
deepening  the  Passes  of  the  Mississippi  is  as  much  a  benefit  to  each  of 
the  States  having  a  commercial  outlet  through  that  stream  as  it  is  to 
the  one  in  which  it  happens  to  be  situated,  still  the  benefit  which  the 
expenditure  in  itself  brings  to  the  immediate  locality,  entirely  apart 
from  the  ultimate  valne  of  the  completed  work,  is  a  matter  which  has 
idways  received  great  consideration  in  drafting  the  river  and  harbor 
bill,  and  it  seems  to  have  become  a  settled  policy  not  to  confine  these 
benefits  to  the  few  more  important  localities,  but  to  distribute  them 
generally  throughout  the  country.  How  far  this  policy  is  exemplified 
in  recent  legislation  may  be  seen  from  the  following  table,  which  gives 
the  appropriations  for  1897  and  1898,  distributed  among  the  States 
where  the  expenditures  are  to  be  made,  as  closely  as  such  a  distribution 
is  possible: 

Distributiofif  hy  States  and  Territarie$y  of  the  appropriatiane  for  rivers  and  harhor$  con- 
tained in  acts  of  Congress  of  June  S  and  June  11, 1896^  ana  June  4  add  July  19, 1837, 
omitting  all  contract  obligationSf  the  sum  for  examinations  and  survege  0200,000),  and 
the  regular  annual  payment  of  f  100,000  for  maintaining  the  channel  in  the  South  Psm 
of  the  Mississippi, 


states  and  Territories. 


Alabama 

Alaska 

Arkansaa 

Arizona 

California 

Colorado 

Connectiout 

Diatriot  of  Columbia 

Florida 

Ctoorgia : 

Hawaiian  Islands. . . 

Idaho 

minoia 

Indiana 

Indian  Territory 

Iowa 

Kansas 

Kentocky 

Ix>iiisiana 

Haine 

Maryland , 

MassachnBot  ts 

liiohigan 

Hinnesot<a ........... 

Iffinsissippi 


Amoant. 


$545,500 

5,000 

876^389 

0 

4,156,750 

0 

207,000 

8ft9,494 

100.000 

812,000 

783,  MM 

10.000 

30,000 

2,830,499 

331,000 

00,000 

449,334 

150,000 

1.284.889 

1,520,388 

951,500 

508,800 

842,500 

2, 490, 075 

751.083 

1,272,289 

Hlssoun 1,780,889 


states  and  Territories. 


Montana 

Nevada 

Nebraska 

New  Hampshire. 

New  Jersey 

New  Mexico.... 

New  Tork 

North  Carolina  . . 

North  Dakota 

Ohio 

Oregon 

Peunajlyania — 
Hhode  Island — 
South  Carolina... 
South  Dakota.... 

Tennessee 

Texas 

UUh 

Vermont 

Virginia 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 


Amount. 


Total. 


194,000 

0 

2M,00D 

25,000 

782,600 

0 

8,125,000 

256.006 

61.500 

636.000 

876.035 

2.102.000 

936,000 

449.900 

54,000 

1.915.000 

2.012,000 

0 

15,000 

339.000 

1.284.791 

7lfl.«0 

1,012,83$ 

0 


39.492.094 
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This  total,  less  the  amounts  to  be  exx>ended  in  Alaska,  Hawaii,  and 
the  District  of  Oolumbia,  divided  by  42,  the  number  of  States  and  Ter- 
ritories in  which  the  expenditures  have  been  or  are  to  be  made,  gives 
an  average  of  $937,549  for  the  two  years  covered  by  the  appropriations, 
or  $468,774  for  each  year.  Should  Government  control  and  regulation 
of  navigable  streams  be  extended  to  include  the  storage  of  any  por- 
tion of  their  surplus  waters  in  the  arid  regions,  such  an  extension  will 
apparently  cause  an  increase  of  only  about  one-seyenth  in  the  present 
expenditure,  while  it  will  tend  to  secure  a  more  equitable  distribution 
of  that  expenditure  among  all  sections  of  the  country, 

A  feature  of  great  importance  pertaining  to  the  cost  of  public  works 
of  the  character  of  this  proposed  reservoir  construction  merits  particu- 
lar attention  in  comparison  with  that  of  other  public  works  of  the 
Government.  When  a  reservoir  is  once  constructed,  there  will  be  no 
further  occasion  for  expense  except  for  maintenance,  which,  as  before 
stated,  will  not  exceed  1  per  cent  annually  upon  the  original  cost. 
With  the  present  river  and  harbor  works,  and  even  with  public  build- 
ings, this  is  not  so.  The  growing  requirements  of  business  and  the 
perishable  nature  of  many  kinds  of  work  keep  up  an  increasing  demand 
for  further  appropriations.  But  a  reservoir  once  built  as  it  should  be 
is  a  thing  done.  Its  capacity,  if  sufficient  at  first,  will  be  sufficient  for- 
ever. No  increase  of  business  will  make  the  run  off  from  its  watershed 
any  greater  or  render  it  less  adequate  for  the  purpose  for  which  it  was 
designed.  Its  immunity  from  deterioration  or  decay  will  make  it  unnec- 
essary ever  to  replace  it.  In  fact,  an  expenditure  of  this  sort  possesses 
the  almost  unique  merit  of  being  one  that  the  Government  may  know 
is -final  when  once  made. 

XIX.— SUMMARY. 

The  substance  of  the  foregoing  report  may  be  briefly  summarized  as 
follows: 

(1)  All  varieties  of  reservoir  sites  or  of  dam  construction  likely  to  be 
encountered  in  the  arid  section  of  the  United  States  are  exemplified  in 
the  sites  considered  in  this  report. 

(2)  Five  reservoir  systems  have  been  examined  under  the  provisions 
of  the  act  of  June  3, 189(3 — three  in  Wyoming  and  two  in  Oolorado. 
These  are — 

(a)  The  Laramie  site,  near  the  town  of  Laramie,  Wyo.,  for  storing 
the  waters  of  the  Laramie  and  Little  Laramie  rivers,  and  possibly  of 
the  North  Platte  and  other  streams.  Available  supply  from  the  two 
Laramies,  46,000  acre-feet;  estimated  cost  for  storing  waters  from  the 
two  Laramies,  $416,254.14;  cost  per  acre-fdot,  t9.05.  Water  now 
needed.  Cost  of  bringing  North  Platte  into  basin,  possibly  as  much 
as  $1,000,000.  Su))ply  would  add  328,000  acrefeet  to  storage  of  reser- 
voir and  would  reduce  cost  per  acre-foot  to  $3.43. 

{b)  Sweetwater  site.  Capacity,  326,965  acre-feet;  cost,  $276,484.80; 
cost  per  acre-foot,  $0.85.  Storage  not  yet  urgently  needed.  Probable 
annual  storage  when  stream  is  fully  utilized  will  be  100,000  acre-feet. 
Cost  per  acre-foot  on  this  basis,  $2.76. 

{€)  Piney  Greek  system,  consisting  of  three  sites:  Cloud  Peak  site, 
near  source  of  stream;  capacity,  6,800  acre- feet;  cost,  $31,048.75;  cost 
per  acre-foot,  $4.56.  Piney  site;  capacity,  11.020  acre-feet;  cost, 
$70,226.25;  cost  per  acre-foot,  $6.37.  Lake  De  Smet  site;  capacity, 
67,628  acre-feet;  cost,  $113,300;  cost  per  acre  foot.  $1.67. 

In  case  the  National  Government  sliould  undertake  the  work  ot 
reservoir  construction  in  the  West,  the  Piney  system  would  be  rec- 
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ommeDded  for  first  oonsideration  in  Wyoming.  The  water  is  now 
urgently  needed.  OonBtrnction  should  proceed  in  the  following  order: 
-Piney  site  first,  Olond  Peak  site  next,  and  lastly  Lake  De  Smet 
The  work  should  cover  three  years.  The  first  appropriation  should  be 
$100,000. 

(d)  The  South  Platte  site,  in  Colorado.  Capacity,  41,320  acre-feet; 
cost,  $540,000;  cost  per  acre-foot,  $13.07.  This  site  should  receiFe 
first  consideration  of  the  two  examined  in  Colorado.  The  water  is  now 
urgently  needed.  Construction  should  take  three  years.  The  first 
appropriation  should  be  $200,000. 

(0)  The  Loveland  site,  in  Colorado,  for  storing  waters  from  the  Big 
Thompson  and  Cache  la  Poudre  rivers.  Capacity,  45,741  acre-feet; 
cost,  $262,106.34;  cost  per  acre-foot,  $5.73.  Storage  now  needed. 
Complication  with  existing  rights  renders  project  for  Government  con- 
struction one  of  doubtful  advisability. 

(3)  The  function  of  reservoirs  will  always  be  primarily  the  promotion 
of  industrial  ends;  secondarily  only,  a  iK>ssible  amelioration  of  fiood 
{ '  conditions  in  the  rivers. 

'  (4)  While  it  is  perhaps  pliysically  practicable  to  build  reservoirs  of 

sufficient  aggregate  capacity  on  the  watershed  of  any  stream,  even  so 
large  a  stream  as  the  Mississippi,  as  to  exercise  some  influence  in 
diminishing  the  height  of  floods,  the  great  cost  of  such  works,  as  com- 
pared with  the  results  to  be  expected  from  them,  will  always  prohibit 
their  construction,  unless  it  is  called  for  by  other  and  more  direct 
causes. 

(5)  A  general  system  of  reservoirs  in  tbe  arid  regions  sufficient  to 
contain  the  flow  of  the  streams  over  what  it  is  possible  to  draw  from 

I  them  directly  in  irrigation  would,  it  is  believed,  cause  some  reduction 

i  in  the  flood  height  of  the  Missouri  Biver  during  the  June  rise.    The 

amount  of  this  reduction  would,  of  course,  depend  upon  the  distance 
of  the  section  of  river  considered  from  the  points  of  storage,  and  would 
diminish  rapidly  with  an  increase  of  this  distance. 

(6)  Beservoir  construction  in  the  arid  regions  of  the  West  is  an  indis- 
pensable condition  to  the  highest  development  of  that  section.  It  can 
properly  be  carried  out  only  through  public  agencies.  Private  enter- 
prise can  never  accomplish  the  work  successfully.  As  between  State 
and  nation,  it  falls  more  properly  under  the  domain  of  the  latter. 

(7)  Eeservoir  construction  by  the  General  Government  need  not  in 
any  way  involve  Government  control  of  irrigation  works.  These  shonld 
be  left  in  the  hands  of  the  States  and  of  private  individuals  under  State 
laws. 

(8)  The  Government  should  acquire  full  titie  and  jurisdiction  to  any 
site  which  it  might  improve,  and  full  right  to  the  water  necessary  to  fill 
the  reservoir.  It  should  build,  own,  maintain,  and  operate  the  works 
itself.  It  should  hold  the  stored  waters  absolutely  free  to  public  nse 
under  local  regulations,  subject  only  to  the  right  to  close  the  reservoir 
whenever  flood  protection  or  other  emergency  should  require. 

(9)  The  total  extent  of  a  reservoir  system  in  the  arid  regions  which 
shall  render  available  the  entire  flow  of  the  streams  will  not  exceed 
1,161,600,000,000  cubic  feet.  If  the  construction  of  such  a  system  were 
to  consume  a  century  in  time,  it  would  represent  an  annual  storage  of 
about  11,600,000,000  cubic  feet,  or  266,300  acre-feet.  At  $5.37  per  acre^ 
foot  this  would  cost  $1,430,031  per  annum.  This  amount,  distributed 
among  the  seventeen  States  and  Territories  of  the  arid  section,  gives 
an  average  annual  expenditure  in  each  of  $84,119.  The  annual  value 
of  the  stored  water  would  return  the  original  cost  and  maintenance  in 
an  average  period  of  three  years. 
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Appendix  A. 

RSPOBT  OF  MB.  F.  B.  MALTBT,  A8SI8TAKT  SKOnnEEB. 

CAFTAnf :  I  have  the  honor  to  submit  the  following  report  upon  the  examinattonB 
of  reservoir  sites  in  Colorado  and  Wyoming  made  by  me  daring  the  past  sammer: 

In  aooordanoe  with  your  instmotions,  I  left  St.  Louis  on  May  4, 1897,  arriving  in 
Denver  on  the  6th.  I  immediately  organized  a  small  survey  paity  and  proceeded 
to  a  point  selected  by  you  for  examination  on  the  South  Platte  River. 

The  work  required  at  this  point  was  completed  May  21,  and  I  proceeded  to  Lara- 
mie, Wyo.y  where  another  examination  had  been  ordered  by  you.  Work  was  con- 
tinued there  until  June  11,  when  I  proceeded  to  a  point  on  the  Sweetwater  River  in 
Wyoming  and  examined  a  site  already  selected  by  you.  Work  was  completed  there 
on  June  19,  and  I  returned  to  Laramie.  On  account  of  the  limited  time  at  my  com- 
mand, I  leffc  Mr.  8.  F.  Crecelius,  assistant  engineer,  in  charge  of  a  small  survey 
party  at  Laramie  to  complete  some  details  of  survey  work. 

I  proceeded  to  the  North  Platte  River  at  Pinkhampton,  Colo.,  Cheyenne,  Wyo.. 
Greeley,  Fort  Collins,  Loveland,  and  Denver,  Colo.,  making  such  examinations  and 
procuring  such  information  as  was  possible  and  that  would  be  valuable  in  making 
a  report  on  the  value,  feasibility,  aud  cost  of  constructing  reservoirs  at  the  pro- 
posed sites.    I  arrived  in  St.  Louis  and  reported  for  other  duty  on  July  3. 

Mr.  Crecelius  completed  the  work  at  Laramie  on  June  30  and  proceeded  to  Love- 
land,  Colo.,  where  an  examination  was  made  of  »  proposed  reservoir  site.  He  com- 
pleted this  work  on  July  18  and  returned  to  St.  Louis,  and  has  since  been  engaged 
in  completing  the  maps  of  the  sites  examined. 

The  examinations  made  at  each  site  consisted  of  making  such  surveys  as  were 
necessary  to  determine  the  outline,  area,  and  capacity  of  the  proposed  reservoirs; 
the  determination  of  the  land  subdivisions  that  would  be  submerged;  the  determi- 
nation, as  far  as  possible,  of  the  amount  of  water  available  for  storage;  the  distance 
to  the  point  of  application  of  the  stored  water,  its.  value,  and  sudi  miscellaneous 
information  as  to  local  prices  as  would  be  of  value  in  making  a  preliminary  estimate 
of  the  probable  cost. 

All  surveys  were  made  by  the  stadia  method  by  Mr.  S.  F.  Crecelius,  assistant  engi- 
neer, to  whom  I  am  indebted  for  much  assistance  in  obtaining  desired  information. 

Elevations  above  the  sea  depend  in  each  instance  on  railroad  levels.  The  surveys 
depend  for  direction  or  azimuth  on  observations  on  Polaris  at  South  Platte ;  On 
azimuth  fhmished  by  the  United  States  Geological  Survey  at  Laramie,  and  on  com- 
pass determinations  at  the  Sweetwater  and  Loveland  sites. 

Following  is  a  detailed  description  of  each  site  examined: 

SOUTH  PLATTE,  COLORADO. 

It  is  proposed  to  forma  reservoir  by  damming  the  South  Branch  of  the  South  Platte 
River  about  50  miles  above  Denver  and  20  miles  by  river  above  the  junction  of  the 
North  and  South  branches.  The  site  of  the  dam  is  about  one-fourth  of  a  mile  below 
Lost  or  Goose  Creek,  aud  is  in  the  southwest  quarter  of  section  6,  township  10 
south,  range  70  West.  The  nearest  railroad  station  is  South  Platte,  on  the  Denver, 
Leadville  and  Gunnison  Railroad.  The  distance  by  existing  roads  is  about  28  miles. 
It  is.  however,  feasible,  by  the  expenditure  of  $3,000  to  $4,000,  to  construct  a  good 
road  to  the  dam  site  connecting  with  existing  roads,  making  the  distance  not  over 
20  miles,  9  miles  of  this  distance  being  along  an  abandoned  railroad  grade. 

The  proposed  dam  would  be  built  in  a  narrow  canyon,  only  about  3o  feet  in  width 
at  the  surface  of  the  river.  The  solid  rock  sides  rise  nearly  vertically  to  a  height  of 
from  90  to  100  feet.  Above  this  point  they  slope  back  to  such  an  angle  that  at  about 
200  feet  above  the  water  they  are  about  500  feet  apart.  At  an  elevation  of  approxi- 
mately 200  feet  above  the  river  there  is  across  the  adjacent  ridge  a  natural  depression 
which  would  form  a  spillway  over  solid  rock.  In  order  to  take  advantage  of  this 
spillway,  the  dam  should  be  from  210  to  215  feet  in  height.  The  rock  at  the  site  is  a 
led  granite. 

A  portion  of  the  rock  on  the  surface,  immediately  adjacent  to  the  dam,  has  disin- 
tegrated and  would  require  removal.  Samples  taken  from  tunnels  and  shafts  in  the 
vicinity  show  a  compact  and  solid  rock. 

It  is  entirely  practicable  to  quarry  all  the  rock  reouired  for  the  construction  of  » 
dam  immediately  adjoining  the  site,  and  by  the  use  oi  cableways  of  moderate  length 
stone  could  be  carried  from  the  quarry  face  to  its  position  in  the  wall. 

If  concrete  is  to  be  used,  finely  crushed  granite  will  furnish  an  excellent  substitute 
for  sand;  or,  if  sand  is  desired,  an  abiiudanoe  of  clean,  sharp  material  can  be  secured 
from  the  hmn  in  the  river,  from  oue-half  to  1  mile  distant. 

There  is  an  abundance  of  good  pine  timber  covering  the  reservoir  site,  sufficient 
for  all  parposes  of  construction,  aud  within  2  miles  from  the  site  of  the  dam. 
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The  reserroir  which  will  be  formed  lies  in  JefTenon  and  Donglas  ooanties,  the 
riyer  being  the  dividing  line  between  them.  Nearly  its  entire  area  wonld  be  in 
township  10  south,  range  71  west.  This  township  is  in  what  is  known  as  the 
'^  Forest  Reserve,"  and  has  not  been  subdivided. 

The  length  of  the  reservoir  would  be  about  5i  miles:  the  extreme  width  abont 
one-third  mile.  The  elevation  of  the  proposed  water  surrace  is,  approximately.  6,840 
feet  above  the  sea,  and  at  this  elevation  wonld  have  an  area  ot  approximately  775 
acres,  and  an  approximate  capacity  of  3,000,000,000  cubic  feet,  or  68,870  acre-feet. 

Assuming  a  loss  from  evaporation  and  seepage  from  the  reservoir  itself  and  from 
the  stream  after  being  discliarged  from  the  reservoir  and  before  being  drawn  into 
irrigating  canals  as  being  25  per  cent,  leaves  a  net  available  capacity  for  irrigation 
of  51,653  acre-feet,  or  about  50,000  acres,  as  the  area  that  could  be  irrigated  from  the 
reservoir. 

Of  this,  Mr.  H.  A.  Sumner,  formerly  State  engineer  of  Colorado,  estimates  that  75 

fer  cent  would  be  additional  acreage  above  the  amount  now  irrigated  from  the  South 
latte  River. 

The  ordinary  flow  of  the  river  durinc  the  irrigating  season,  extending  from  May  20 
to  September  20,  is  all  appropriated.  It  is  assumed,  however,  that  from  October  \  to 
May  1  all  the  water  passing  DeauHbury,  just  below  the  junction  of  the  North  and 
South  branches  of  the  South  Platte  River,  in  excess  of  100  second-feet,  and  from 
May  1  to  October  1  in  excess  of  250  second-feet,  could  be  stored  without  conflicting 
with  existing  rights.  An  inspection  of  the  discharge  curve  at  this  point,  and  assum- 
ing the  discharge  at  the  proposed  dam  as  being  in  proportion  to  the  discharge  at 
Deansbury  as  its  drainage  area  is  to  the  drainage  area  above  Deansbury,  shows  that 
in  ordinary  years  there  would  be.sufficiont  water  to  All  the  reservoir. 

The  site  has  been  tiled  on  as  a  "reservoir  site"  under  the  laws  of  Colorado  by  the 
South  Platte  Canal  and  Reservoir  Company  in  August,  1897,  and  their  claim  has  been 
approved  by  the  Secretary  of  the  Interior.  The  company  is  practically  identical 
with  the  Denver  Union  Water  Company. 

An  inspection  of  the  United  States  Land  Department  records  at  Denver  on  May  22, 
1897,  shows  that  this  is  the  only  valid  claim  against  the  land. 

Numerous  placer  and  lode  claims  have  been  filed,  bat  none  np  to  the  above  date 
had  been  approved  or  patented. 

TX>VKLAKD,  COLO. 

The  site  of  the  proposed  reservoir  is  a  natural  depression  known  as  Boyds  Lake, 
in  the  high  ground  between  the  valleys  of  the  Cache  a  la  Poudre  River  and  Big 
Thompson  Creek.  It  is  pronosed  to  divert  and  store  the  waters  from  these  two 
streams  duriug  the  time  of  noods  and  at  such  times  as  there  may  be  a  surplus  of 
water  over  that  actually  used  for  irrigation,  and  to  release  the  water  so  stored  at 
such  times  as  there  is  a  deficiency  in  the  streams. 

The  depression  which  it  is  proposed  to  utilize  is  a  natural  basin  entirely  surrounded 
by  high  ground,  and  will  require  no  dam.  It  is  about  3  miles  northeast  of  Loveland, 
Colo.,  and  4  to  5  miles  from  the  foothills.  It  lies  in  sees;  29,  SO,  81,  and  32,  T.  6  N., 
R.  68  W.,  and  sees.  5,  6,  7,  and  8,  T.  5  N.,  R.  68  W. 

The  area  of  the  reeervoir  wonld  be  approximately  1,920  acres,  and  its  capaoiiy 
1,992,468,000  cuhic  feet,  or  45,740  acre-feet. 

The  surface  of  the  present  lake  is  constantly  being  raised  by  seepage  and  wssta 
from  adjacent  irrigated  land,  and  it  is  estimated  that  this  seepage  wonld,  with  full 
reservoir,  at  least  make  good  the  loss  by  evaporation,  and  that  the  total  amount 
stored  would  be  available  for  irrigation. 

The  discharge  of  the  Cache  h  la  Poudre  River  and  Big  Thompson  Creek  is  shown 
in  the  report  of  the  Stat«  engineer  of  Colorado  for  1894. 

An  inspection  of  these  diagi'ams,  and  knowing  the  amount  of  water  appropriated, 
and  confirmed  by  the  courts,  wonld  seem  to  indicate  that  there  would  be  no  watsr 
available  to  fill  the  reservoir. 

The  total  valid  appropriation  on  the  Cache  li  la  Pondre  is  approximately  4,500 
second- feet,  which  is  more  than  the  total  discharge  of  the  stream,  except  during 
possibly  one  month  in  the  year. 

It  is  estimated  by  Prof.  L.  O.  Carpenter,  of  the  Colorado  State  Ag^ricnltural  College, 
that  the  actual  capacity  of  the  ditches  in  use  is  not  over  two-thirds  the  above  amount 
It  is  also  estimated  by  the  same  authority  that  by  careful  practice  in  diverting  into 
the  reservoir  all  the  water  jiot  actually  used  or  required,  the  reservoir  would  be  filled 
on  an  average  of  five  out  of  six  years. 

Some  of  the  advantages  claimed  for  this  site  are,  first,  that  it  is  not  in  the  valley 
or  bed  of  a  running  stream ;  that  it  requires  no  expensive  dam,  and  is  not  subject  to 
the  destructive  eifects  of  unusual  floods,  and  that  the  confidence  of  the  people  who 
live  below  it,  in  its  security,  is  much  greater  than  possible  under  any  large  or  hi^b 
dam.  It  is  near  the  foothills,  and  it  is  urged  that  tnere  is  an  especial  advantage  m 
this  fact,  as  there  is  less  loss  from  evaporation  and  seepage  from  the  streams  bafon 
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beinf^  diverted.  It  also  permits  the  use  of  the  stored  water  well  up  in  the  yalleysi 
and  thus  secures  to  the  land  lower  down  the  stream  the  benefits  of  the  seepage  or 
return  flow  from  lands  to  which  the  water  is  first  applied.  The  importance  of  this 
feature  is  shown  in  Bulletin  No.  33,  State  Agricultural  College  of  Colorado,  on 
"Seepage  or  return  waters  from  irrigation/'  by  Prof.  L.  G.  Carpenter. 

The  storage  and  preservation  of  all  the  surplus  water  of  these  two  streams  seem 
particularly  desirable,  as  all  the  flow  during  the  irrigating  season  is  used,  and  there 
18  urgent  need  of  all  the  water  that  can  be  added  to  the  normal  flow  during  the 
season. 

The  water  from  these  streams  irrigates  the  country  included  in  and  surrounding 
the  well-known  "Greeley  Colony,"  and  it  is  probable  that  irrigation  practice  in  this 
locality  has  reached  a  higher  degree  of  development  than  in  any  other  part  of  the 
State.  The  water  would  be  diverted  and  used  almost  immediately  below  the  dis- 
charge tunnels  from  the  reservoir.  It  is  estimated  by  Professor  Carpenter  that  in 
this  locality  an  acre-foot  of  water  has  a  value  to  the  community  of  from  $7  to  $10 
per  ^ear. 

It  is  proposed  to  divert  the  water  from  the  Big  Thompson  Creek  through  the  Love- 
land  and  Greeley  Canal,  which  has  a  capacity  of  600  feet  per  second.  It  should  be 
enlarged  to  a  capacity  of  800  secoud-feet  in  order  to  use  all  the  flood  waters. 

From  the  Cache  k  la  Poudre  River  the  Mercer  Canal  or  the  Laramie  County  No.  2 
ean  be  enlarged,  and  about  6  miles  of  new  canal  built,  connecting  them  with  the 
reservoir.  It  would,  however,  probably  be  more  economical  to  build  an  entirely 
new  canal. 

This  site  has  also  been  filed  on  by  a  company  known  as  the  "  Boyd's  Lake  Reservoir 
Company."  This  company,  however,  has  signified  its  willingness  to  relinquish  to 
the  Government  all  its  claims  for  the  amount  actually  expen<&d  for  surveys,  incor- 
poration, etc.,  amounting  to  $1,400. 

I4ARAMIB  SmS,  WTOMINQ. 

It  is  proposed  to  divert  the  surplus  water  of  the  Big  and  Little  Laramie  rivers 
and  store  them  in  a  natural  depression  known  as  the  "  Big  Hollow,"  the  north- 
east end  of  which  is  about  5  miles  west  of  Laramie  City.  This  hollow  or  depres- 
sion lies  between  the  Big  and  Little  Laramie  rivers  and  in  what  is  known  as  the 
Laramie  Plains.  It  is  in  townships  15  and  16  north,  and  ranges  74  and  75  west.  The 
southwestern  end  is  but  a  short  custauce  from  the  foot  of  Sheep  Mountain. 

It  is  about  10  miles  long  and  2  miles  wide,  and  has  a  maximum  depth  of  175  feet. 
The  elevation  of  the  river  at  the  northeast  end  and  at  its  lowest  point  is  7,260  feet 
above  the  sea,  or  about  110  feet  above  the  railroad  at  Laramie  Cfity.  The  area  at 
this  elevation  is  about  13,650  acres,  and  its  capacity  approximately  40,817,406,000 
cubic  feet. 

The  surrounding  land  slopes  away  from  the  rim  of  the  basin  in  all  directions,  and 
it  thus  has  no  drainage  area  except  that  within  its  own  rim. 

The  following  report  on  the  geological  formation  of  this  basin  has  been  prepared 
1^  Wilbur  C.  Ejii^ht,  professor  of  geology  and  mining,  of  the  University  of 
Wyomine  at  Laramie : 

''This  basin  is  located  in  cretaceous  rocks,  and  has  been  eroded  from  rock  in  place. 
With  the  exception  of  the  northern  rim,  the  formation  is  exposed  at  intervals  sur- 
rounding the  site.  Along  the  eastern  border  the  rocks  have  been  eroded  so  as  to 
leave  e  long,  narrow  elevation  of  rock  and  loess,  forming  what  would  be  the  shore 
line  of  the  reservoir.  Near  the  center  of  the  eastern  Border  the  Niobrara  white 
beds,  which  resemble  the  Kansas  chalk,  are  exposed,  and  form  the  rim  of  the  de- 
pression to  the  north  end.  To  the  south  of  this  point  bands  higher  up  in  the  group 
form  the  border.  This  group  underlies  all  the  basin  and  extends  westward  to  the 
bluif  forming  the  western  border.  The  western  border  is  chi^y  Fort  Pierre  group. 
The  cretaceous  rocks  of  the  Laramie  plains  generally  dip  slightly  to  the  west  and 
have  nearly  a  uniform  strike  north  and  south.  There  are,  however,  occasional 
disturbances  in  which  the  rocks  vary  from  this  rule.  There  are  evidences  of  some 
local  movements  in  the  vicinity  of  this  site,  but  I  am  not  able  to  characterize  them. 
The  rocks  composing  the  geological  grouits  mentioned  are  chiefly  sandstone,  shales, 
clays,  and  marls.  Soil  formed  by  the  decomposition  of  these  bands  is  usually 
argillaceous,  and  would  make  excellent  material  for  the  bottom  and  sides  of  a 
reservoir  site,  because  it  prevents  great  losses  by  leakage. 

"I  am  unable  to  offer  any  absolute  solution  as  to  the  formation  of  this  great  basin. 
It  has  been  done  by  erosion,  but  I  am  not  able  to  say,  without  further  study,  whether 
it  was  glacial  or  aqueous.  It  is  ahto  very  probable  that  it  might  have  been  a  com- 
bination of  tbese  forces,  and  materially  aided  by  wind  erosion.  In  case  tills  depres- 
sion was  made  by  either  ice  or  water,  it  had  to  have  an  outlet,  which  would  naturally 
have  been  at  some  point  near  the  north  end  of  the  basin. 

''At  present  there  is  no  sign  of  any  outlet^  and  the  entire  inzfiMe  ii  oovered  with 
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loess.  If  snoh  an  ontlet  ever  existed,  whioh  I  consider  highly  probable,  it  was  snh- 
seqnently  filled  with  either  loess  or  grtkYel,  The  existence  ox  an  old  water  oonrse  of 
this  nature  would  seriously  affect  a  storage  reservoir  of  this  kind,  unless  it  was 
properly  cemented,  for  an  outlet  of  this  nature  would  be  porous  enough  to  carry  out 
a  good-sized  stream.  In  no  other  place  about  the  basin  is  there  any  evidence  in 
hand  that  would  warrant  one  in  saying  that  there  would  be  danger  of  a  serious  leak.'* 
It  is  nroposed  to  draw  the  water  from  the  reservoir  through  a  tunnel  at  the  north- 
east ena,  as  shown  on  the  map,  and  discharging  into  the  Big  Laramie  River  a  short 
distance  below  Laramie  City.    Such  borings  as  could  be  made  with  crude  apparatus 

Erocured  at  Laramie  indicate  that  the  material  encountered  in  driving  this  tunnel 
I  a  compact  clay,  and  little  if  any  rock  would  be  encountered. 
The  map  also  shows  the  approximate  location  of  the  canals  from  the  Big  and  Little 
Laramie  rivers.    That  from  the  Big  Laramie  would  be  diverted  from  the  stream  4  or 
5  miles  below  the  mouth  of  the  canyon,  and  that  from  the  Little  Laramie  only  about 
a  mile  below  where  it  emerges  from  the  hills. 

BoUi  canals  would  command  all  the  land  lying  between  them  and  the  riven,  and 

would  be  available  as  irrigating  canals  during  the  season  of  irrigation.    Their  use 

for  this  purpose  would  permit  of  the  abandonment  of  several  existing  small  ditches 

leading  from  the  river  and  a  consequent  saving  in  the  loss  from  evaporation  and 

«  seepage. 

The  actual  amount  of  water  available  for  storage  from  these  streams  can  only  he 
approximately  estimated,  as  continuous-discharge  measurements  are  not  available. 
Assuming  a  discharge  of  100  cubic  feet  per  second  of  the  Big  Laramie  at  Wood's 
Landing  during  the  winter  months,  as  estimated  by  lir.  Elwood  Mead,  State 
engineer  of  Wyoming,  and  taking  the  discharge  of  the  river  from  April  to  October, 
from  the  report  of  the  State  engineer  of  Wyoming  in  1894,  and  assuming  that  dur- 
ing the  time  from  October  1  to  June  1  all  the  water  could  be  stored,  and  between 
June  1  and  October  1  that  all  in  excess  of  300  cubic  feet  per  second  could  be  stored, 
would  give  an  average  daily  discharge  available  for  the  year  of  200  cubic  feet  per 
second,  or  a  total  per  annum  of  6,807,200,000  cubic  feet. 

Assuming  the  flow  of  the  Little  Laramie  to  be  one-half  as  much,  would  give  a 

total  yearly  supply  of  9,460,800,000  cubic  feet,  or  only  about  one-fourth  the  capacity 

of  the  reservoir,  and  from  this  amount  the  loss  from  evaporation  must  be  subtracted. 

I  A  very  hurried  barometric  reconnoissance  was  made  oetween  Wood's  Landing  on 

the  Bi^  Laramie  and  the  north  end  of  North  Park  on  the  North  Platte  River,  to 
j  determine  if  it  was  possible  to  divert  the  water  of  the  North  Platte  into  the  Big 

Laramie.    It  was  found  that  the  North  Platte  is  approximately  400  feet  higher  than 
the  Big  Laramie  at  the  ^oint  mentioned. 
I  Much  more  extended  investigation  is  necessary  to  determine  the  practicability 

'  of  the  scheme,  but  it  is  entirely  possible  that  a  location  for  a  tunnel  may  be  found 

<  between  the  two  streams  that  would  not  be  over  5  to  10  miles  in  length. 
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SWSETWATEB  RIYXR  RESERYOIB  SITE. 

At  this  site  it  is  proposed  to  form  a  reservoir  hj  damming  the  Sweetwater  River 
at  a  point,  known  as  the  Devil's  Gate,  about  65  miles  nearly  due  north  of  the  town 
of  Rawlins,  Wyo. 

The  problem  presented  at  this  point  is  a  very  simple  one,  and  for  that  reason 
possesses  more  than  ordinary  merit. 

The  Sweetwater  River  flows  for  a  number  of  miles  along  the  south  base  of  a 
narrow  n'anite  ridge  extending  nearly  east  and  west.  At  the  point  selected  for  the 
dam  it  flows  through  this  ridge  in  a  gorge  only  about  86  feet  wide  at  the  water 
surface,  and  about  300  feet  wide  on  ton,  and  380  feet  deep. 

It  is  proposed  to  build  a  masonry  aam  in  this  gorge  about  100  feet  high.  Thii 
would  form  a  rese]rv9lr  about  13  miles  long  and  a  mile  to  a  mile  and  a  half  in  width. 
It  would  have  an  area  of  10,800  acres  and  a  capacity  of  approximately  14,150,000,000 
cubic  feet.  The  walls  of  the  gorge  are  a  gray  ^anite,  very  hard  and  compact 
There  is  an  abundance  of  rock  that  can  be  quarried  and  placed  in  position  in  the 
wall  direct,  and  would  require  handling  but  once. 

An  abundance  of  sand  can  be  had  from  the  banks  of  the  stream  adjoining  the  site. 

The  elevation  of  the  surface  of  the  reservoir  is  approximately  6,000  feet  above 
the  sea. 

At  present  there  is  but  very  little  irrigating  done  from  the  Sweetwater  River  in 
this  vicinity,  and  there  is  not  the  urgent  uMd  of  stored  water  as  at  some  other 
points,  but  for  future  development  the  site  offers  possibilities  for  the  cheap  and 
simple  storage  of  a  large  quantity  of  water  which  can  hardly  be  surpassed. 

A  continuous  discharge  of  the  nver  has  not  been  taken,  but  it  is  probable  that  the 
flow  is  ample  to  fill  the  reservoir  each  year. 

A  number  of  photographs  were  taken  of  the  sites  examined,  and  are  submitted 
herewith. 
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I  am  nnder  many  obligations  for  information  farniahed  me  by  Messrs.  H.  A. 
Snmnor  and  L.  R.  Hope,  ciyIi  engineers, of  Denver;  Prof.  L.  G.  Carpenter, of  Fort 
Collins,  Colo.;    Mr.  Elwood  Mead,  State  engineer  of  Wyoming,  and  Mr.  C.  E. 
Whiting,  city  engineer  of  Laramie,  Wyo. 
Very  respectfally  submitted. 

F.  B.  Maltbt,  AssUtant  Engineer, 
Capt.  H.  M.  Chittbndrn, 

Corp$  of  Engineer;  U,  S,  A. 


Appendix  B. 

REPORT  OF  MR.  FRED  BOND,  ASSISTANT  ENGINEER. 

Buffalo,  Wyo.,  October  gS^  1897, 

Captain:  I  have  the  honor  to  submit  herewith  a  report  upon  an  examination  made 
by  me  of  the  watershed  of  Pine^  Creek,  Wyoming,  together  with  such  plans  for 
storage  reservoirs  as  will  fully  utilize  the  flow  of  this  stream. 

THE  watershed. 

Pinev  Creek  is  one  of  the  largest  streams  used  for  irrigation  in  north  central 
Wyoming.  Rising,  as  it  does,  among  the  impassable  cliffs  and  canyons  radintins: 
from  the  summit  of  the  Big  Horn  Mountains,  its  waters  are  fed  by  immense  accumu- 
lations of  snow  and  ice  which  fill  every  crevice,  gorse,  and  canyon.  The  total  vol- 
ume of  water  here  conserved  may  not  be  accurately  Known,  for  the  heat  of  the  sun 
never  reaches  far  into  many  of  these  ice-filled  gorges,  but  it  is  certainly  not  exceeded 
anywhere  in  the  Rocky  Mountain  region.  &>  large  and  deep  are  many  of  these 
deposits  of  snow  and  ice  that  it  would  take  a  keen  and  practiced  eye  to  discern  the 
changes  taking  place  from  week  to  week,  but  the  foaming  flood,  large  in  volume  and 
larger  in  commercial  importance,  which  throughout  the  summer  leaves  the  mountains 
18  miles  below  demonstrates  a  continually  decreasing  reserve. 

Generally  speaking,  the  summit  of  the  Big  Horn  range  consists  of  seven  or  eight 

5eaks  extending  nearly  north  and  south  for  20  miles  and  all  above  12,500  feet  altitude, 
'hey  form  a  conspicuous  landmark  for  this  whole  region  and  are  crowned  near  the 
northern  end  by  the  snowy  dome  of  Cloud  Peak,  rising  to  an  altitude  of  13,200  feet. 
On  the  east  slope  and  near  the  summit  of  this  highest  peak  Piney  Creek  takes  its 
rise.  The  very  headwaters  are  found  in  Lake  Bryant,  situated  at  tbe  base  of  the  wall, 
which  for  1,000  vertical  feet  forms  the  eastern  and  northeastern  side  of  the  peak. 
The  walls  of  this  lake,  which  are  300  feet  in  height  at  the  lowest  point,  are  cov- 
ered by  vast  banks  of  snow,  and  its  surface  remains  frozen  throughout  the  year.  It 
is  the  first  of  a  series  of  twelve  lakes^  eight  of  which  are  above  Cloud  Peak  Reservoir, 
forming  a  system  of  natural  reservoirs  unsurpassed  as  a  factor  in  conserving  winter 
moisture  for  summer  use.  The  melting  snows  around  Lake  Bryant  escape  through 
and  under  the  immense  jzneiss  bowlders  and  loose  trap  rocks  which  constitute  the 
lower  wall,  and,  roaring  far  beneath  one's  feet,  enter  the  second  lake  of  series.  From 
this  lake  the  stream  passes  again  under  the  rocks  to  the  third  basin,  from  which, 
through  constant  ana  ever-increasing  additions  to  its  volume,  it  becomes  an  open 
torrent,  with  wide  and  clear  cut  through  ragged  walls. 

From  the  sonrce  to  Lake  Mead,  tbe  eighth  of  the  series  and  the  first  above  Cloud 
Peak  reservoir,  Piney  Creek  flows  through  a  deep  canyon,  with  precipitous  walls, 
banked  up  on  both  sides  with  drifts  of  snow  as  obtain  everywhere  in  this  region. 
Gorges  filled  in  the  same  way,  each  of  which  is  the  head  and  source  of  a  distinct 
stream,  enter  the  main  canyon  at  numerous  points  and  from  every  direction  through- 
out its  source  of  5  miles  from  the  head  to  Lake  Mead,  and  in  this  way  in  tbe  com- 
paratively small  scone  of  country  of  25  square  miles  this  large  and  valuable  irriga- 
tion stream  is  formed. 

About  one-half  mile  north  of  the  head  of  this  main  fork  of  Pine^  Creek  Just 
described  the  middle  fork  finds  its  sonrce.  A  chain  of  five  lakes,  all  visible  from  a 
neighboring  summit,  lie  along  the  bottom  of  the  canyon,  the  east  walls  of  which  at 
this  point  rise  vertically  for  2,000  feet.  The  banks  of  snow  at  the  head  of  these 
lakes  constitute  the  ultimate  sonrce  of  the  water  supply  here  also,  and  the  charac- 
teristics of  the  main  stream  are  repeated  here.  The  streams  unite  8  miles  from  the 
source  of  the  middle  fork  and  12  miles  below  the  hea<l  of  the  main  stream.  About 
4  miles  below  the  junction  of  these  two  streams,  north  fork  of  Piney  Creek  adds  its 
quota  to  their  combined  waters.  This  stream,  although  a  considerable  body,  is 
smaller  than  either  of  the  other  two,  and  does  not  rise  so  far  back  in  the  snowy 
range.    Its  flood  waters  are  consequently  the  first  to  pass  down  the  mountain,  and 
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are  largely  exhaasted  before  the  main  stream  begins  its  spring  rise.  Very  little^  if 
anV|  of  the  waters  of  north  fork  are  utilized  for  irrigation,  and  nothing  short  of  arti- 
ficial impounding  will  save  them  for  the  farmer. 

The  course  of  each  of  the  large  divisions  of  the  oreek  for  the  first  4  miiee  firom  its 
head  is  above  timber  line,  and  uie  inclosing  walls  between  which  it  runs  are  bare  of 
yegetation,  except  for  scattering  patches  of  mountain  grasses  and  a  few  wild  flowers. 
At  this  distance  down  the  slope  both  streams  enter  dense  forests  of  spruoe,  fir,  and 
balsam,  which  a  few  miles  farther  down  give  place  to  the  forests  of  pine  which 
obtain  from  this  point  to  the  foot  of  the  ranee.  Excepting  two  or  three  small  open 
parks  and  the  gorges  and  canyons  above  timber  line,  tne  whole  watershed  of  Piney 
ureek  lies  among  the  pine  and  spruce  covered  slopes  of  the  east  side  of  the  Big 
Horn  range.  The  timber  hereon  is  not  all  large  nor  old,  and  in  places  shows  the  effect 
of  previous  forest  fires;  but  a  healthy  and  vigorous  growth  now  covers  even  those 
parts  of  the  reeion  latest  visited  in  this  way,  and  the  spruce  and  fir  ^ffther  back 
toward  timber  Tine  show  no  evidence  of  ever  having  been  attacked. 

THE  AVAIULBLB  WATER. 

The  flow  of  water  in  Piney  Creek  has  not  been  regularly  ^nged  from  year  to  yesr, 
and  for  this  reason  no  accurate  continuous  record  can  be  given.  A  number  of  indi* 
vidual  gaugings,  however — some  crude,  some  accurate — have  been  made.  An  accu- 
rate one  by  the  State  engineer  of  the  State  of  Wyoming  in  .June,  1893,  gave  a  flow 
of  1,500  ouoic  feet  per  second  of  time.  The  flow  of  that  year  was  unusually  large, 
and  my  own  view,  based  on  a  number  of  rough  ^ugings  back  in  the  mountuns  and 
oontinuons  observations  during  three  consecutive  years,  is  that  500  oubio  feet  per 
second  of  time  is  a  fair  estimate  of  its  average  flow  in  June  and  the  first  hair  of 
July  of  each  year.  Its  discharge  during  the  earlier  spring  months  is  smaller  than 
this,  though  probably  is  not  less  than  3(X^  cubic  feet.  From  the  middle  of  July  until 
the  middle  of  September  it  again  largely  decreases,  and  is  not  sufficient  to  supply 
the  demands  of  those  appropriators  having  canals  already  constructed  and  land 
under  cultivation.  During  the  fidl  and  winter  months  the  total  fiow  of  the  stream 
is  about  150  cubic  feet  per  second. 
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UTILIZATION  OF  THE  8TREABC 

From  the  1st  of  October  to  the  middle  of  the  following  May  practically  all  the  flow 
of  Piney  Creek  goes  to  waste,  and  during  the  spring  floods  of  June  and  the  first  half 
of  July  only  a  small  portion  of  the  water  is  utilized.  From  the  1st  of  August  to  the 
middle  of  September  its  flow  does  not  nearly  supply  the  demand  made  upon  it,  ss 
heretofore  stated^  so  that  in  summing  up  it  is  seen  that  all  the  flow  £rom  tne  Piney 
watershed  for  eight  months  in  the  year  is  entirely  lost,  and  that  during  the 
remaining  four  months  a  large  part  is  wasted  owing  to  the  fact  that  the  first  half 
of  that  period  is  the  flood  season. 

The  question  of  the  conservation  of  these  waters  becomes,  therefore,  of  vital  interest 
to  the  State  of  Wyoming,  and  in  a  general  way  to  the  public  at  large,  since  one  of 
the  prolific  sources  of  mischief  along  the  Missouri  River  bottoms  will  have  been 
dammed  and  retained  where  the  water  is  needed.  Thirty  thousand  acres  of  land  are 
now  partially  irrigated  with  that  part  of  the  midsummer  flow  which  is  utilized,  and 
10,000  completely  so ;  but  with  this  volume  reclamation  stops,  since  all  is  used  that  can 
be  under  present  conditions.  For  the  conservation  of  the  entire  flow  of  this  stream, 
which  will  add  30,000  acres  of  reclaimed  land  to  the  material  wealth  of  the  nation, 
the  reservoir  system  as  planned  and  submitted  herewith  is  believed  to  be  ample.  The 
need  of  the  waters  for  the  purposes  of  irrigation  is  a  crying  need,  but  nothing  could 
be  plainer  than  that  the  benefits  so  conferred  only  surpass  those  received  indirecUy 
through  the  consequent  diminution  of  the  destructive  floods  of  the  large  rivers  far- 
ther down.  The  estimated  expense  of  storing  these  flood  waters  is,  compared  to  their 
value,  very  small,  while  the  benefits  are  great  and  lasting. 


CLOUD  PEAK  KESERVOIB. 

As  previously  intimated  in  the  report  on  the  Piney  watershed,  the  site  selected  fbr 
this  reservoir  is  that  now  occupied  by  lake  No.  9  of  the  series  of  twelve  which  form 
a  part  of  the  basin  of  Piney  Creek.  This  lake  is  nearly  1|  miles  in  length  and  a  little 
less  than  one-half  mile  in  width.  Its  location  is  about  1  mile  below  timber  lincL 
at  an  altitude  of  10,000  feet,  and  it  is  surrounded  by  dense  forests  of  spmce,  fir,  ana 
balsam.  The  water  is  clear,  cold,  and  of  unknown  depth,  although  near  we  lower 
end,  where  the  lake  narrows  to  the  site  for  the  dam,  a  few  soundings  gave  an  average 
depth  of  52  feet.    The  plana  for  utilizing  this  aite  call  for  a  dam  S4  fiat  in  hein^t  al 
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the  hiffheat  point  and  contemplate  a  rise  in  the  surface  of  the  lake  of  90  yertical  feet. 
In  admtion  to  this,  10  feet  of  water  below  the  present  leyel  is  to  be  drawn  off  through 
the  sluiceway  constructed  for  drawing  off  the  water  impounded  by  the  dam.  It  is 
thus  proposed  to  draw  off  40  feet  of  water  firom  a  surface  haTins  an  ayerage  super- 
ficial area  of  170  acres,  making  6,800  acre-feet,  or  800.000,000  cubic  feet  of  water  all 
told.  Piney  Creek  enters  one  end  of  the  lake  and  news  out  at  the  other,  and  the 
drainage  area  tributary  to  the  lake  is  coincident  with  that  of  the  creek  to  tnis  point, 
and  is  30  square  miles  in  extent.  Its  character  has  been  heretofore  described.  Two 
plans  for  a  dam  are  submitted,  one  of  earth  and  loose  rock  and  the  other  of  loose 
rock  with  concrete  core.  Both  are  feasible^  but  the  latter  is  the  cheaper.  The  cost 
of  the  former  is  estimated  at  $24,839,  and  of  the  latter  at  $21,259,  each  complete  and 
ready  for  use.  The  site  for  Cloud  Peak  Reservoir  was  originally  located  and  right  of 
way  obtained  from  the  United  States  by  a  company  of  Rock  Creek,  Wyo.,  farmers, 
associated  together  and  known  as  the  Rock  Creek  and  Piuey  Reservoir  and  Ditch 
Company,  and  there  is  transmitted  herewith  a  ro transfer  to  the  United  States  of  all 
rights  appertaining  to  said  right  of  way  accruing  to  the  company  above,  conditioned 
on  the  construction  of  the  work  by  the  Qovemment. 

lliis  reservoir  is  located  in  sections  9, 16,  and  17,  township  51  north,  range  85  west^ 
of  the  sixth  principal  meridian  in  Wyoming. 

PIKBY  BBSBRYOIB. 

The  site  for  this  reservoir  is  an  open  park  about  li  miles  in  length  and  1  mile  in 
width.  It  is  on  the  main  fork  of  Piney  Creek  and  is  about  6  miles  below  Cloud  Peak 
Reservoir.  It  is  not  a  lake,  but  is  a  natural  basin,  through  which  Piney  Creek  flows 
from  end  to  end,  and  is  selected  for  reservoir  purposes  because  of  the  comparatively 
small  expense  attached  to  impounding  a  large  body  of  water  here.  It  is  surrounded 
by  pine  forests,  where  banks  of  snow  are  found  still  plentiful  in  the  middle  and  last 
of  June,  and  has  a  drainage  area  tributary  to  it  of  65  8(|uare  miles.  The  altitude  of 
this  site  is  8,800  feet.  The  plans  for  utiliziDjB^  this  basin  for  reservoir  purposes  call 
for  a  dam  54  feet  in  height  at  the  highest  point  and  contemplate  storing  water  to  a 
depth  of  50  feet.  The  superficial  area  covered  by  this  reservoir  when  full  is  368  acres, 
and  the  volume  of  the  water  impounded  is  11,040  acre-feet,  or  480^000,000  cubic 
feet.  The  oonstruction  is  of  earth,  backed  by  loose  rock,  and  the  estimated  cost  is 
$56,277,  complete.  This  reservoir  was  origiually  located  by  the  Rock  Creek  and 
Pine^  Reservoir  and  Ditch  Company,  and  right  of  way  from  the  United  States 
•btained  as  in  the  case  of  Cloud  Peak  Reservoir.  A  retransfer  of  all  rights  accruing 
to  the  company  on  account  of  said  grant  of  right  of  way  and  under  the  same  condi- 
tions is  also  transmitted  herewith.  Piney  Reservoir  is  located  in  sections  23,  24,  25, 
and  26,  township  52  north,  range  85  west,  of  the  sixth  principal  meridian  in  Wyoming. 

LAKS  DB  SBfET  RESBRYOIB. 

The  two  reservoir  sites  heretofore  described  form  what  might  properly  be  termed 
the  winter  storage  basin  for  surplus  Piney  waters,  since  both  of  these  reservoirs, 
being  located  directly  upon  the  stream  itself,  may  oe  utilized  in  impounding  the 
winter  flow,  a  supply  that  may  not  be  conserved  in  any  other  way.  To  supplement 
these  and  catch  the  surplus  flood  waters  is  the  proper  function  for  Lake  De  Smet 
Reservoir.  The  site  o(  this  reservoir  is  a  natural  lake  located  in  the  rolling  country 
Jnst  to  the  east  of  and  about  6  miles  from  the  foot  of  the  Big  Horn  range.  It  is 
situated  in  a  natural  basin,  is  3  miles  in  leneth  by  1  in  width,  and  will  require  no 
dam  for  impounding  additional  water.  It  is  aesigned  that  the  surface  of  this  lake 
•hall  be  raised  30  feet  by  the  introduction  of  surplus  and  flood  water  from  Piney 
Creek.  For  this  purpose  a  canal  3^  miles  in  length  will  be  required,  and  water  can 
be  run  through  it  at  any  time  of  the  year  except  during  the  four  months  of  winter. 
This  reservoir  when  full  covers  an  area  of  2,415  acres  and  will  hold  67,628  acre-feet, 
or  in  round  numbers  3,000,000,000  cubic  feet  of  water.  The  outlets  or  drainage 
canals  are  located  one  at  eacn  end  of  the  reservoir.  The  one  at  the  north  end  dis- 
char^  its  waters  back  into  Piney  Creek,  whence  they  may  be  utilized  both  in 
reclaiming  new  land  and  supplementing  theshortage  of  appropriatoro  on  that  stream. 
Tlie  other,  at  the  south  end,  discharges  its  water  onto  the  broad  but  hitherto  uncul- 
tivated valley  of  Box  Elder  Creek,  where  for  a  distance  of  12  miles  it  may  be  used 
i^ost  entirely  on  virgin  soil.  The  residue  passes  thence  into  the  valley  of  Clear 
Creek,  where  for  35  miles  the  land  lies  waiting  the  plow  of  the  pioneer.  There  is 
practically  no  limit  to  the  extent  of  irritable  land  that  can  be  brought  under  the 
mfluence  of  a  water  supply  in  Lake  De  Smet,  and  the  amount  that  wiU  be  so  brought 
depends  entirely  upon  the  volume  impounded  there. 

The  improrements  designed  for  tMs  reservoir  consist  of  a  supply  canal  and  the 
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two  oatletB  or  drainaffe  canals,  with  their  neceaaa^  gates  and  slniceways.    The  bqj^- 

ply  oanal  has  a  fall  of  4  feet  to  the  mile,  and  at  7  net  de^th  of  water  has  a  oarrjing 

capaoitT  of  725  cubic  feet.    The  banks  are  sufficiently  high  to  pennit  of  one  or  two 

j  feet  addiUonal  in  depth  beinff  carried  in  safe^  as  soon  as  the  earth  becomes  settled. 

It  is  believed  that  this  is  amply  large  to  fill  all  requirements.    Each  discharge  canal 

is  supplied  with  one  6-foot  sluice  gate,  which  will  discharge  425  cubic  feet  per 

second — enough  to  satisfy  all  probable  demands  upon  it. 

There  are  no  private  claims  connected  with  this  reservoir  as  such,  but  there  will 

,  be  a  few  hundred  acres  of  grazing  land  submerged  in  raising  the  water  level.    Their 

estimated  value  is  includ^  in  tne  estimates  of  cost,  which  amount  to  a  total  of 

$90,688  complete. 

Lake  De  Smet  Reservoir  is  located  in  sections  6,  7,  8, 16, 17.  18,  19,  20,  21,  and  28, 
township  52  north,  range  82  west,  of  the  Sixth  principal  meridian  in  Wyoming. 
Very  respectfully,  your  obedient  servant, 
I  !  Frkd  Bond,  A$9i$tamt  Enginetr, 

Capt.  H.  M.  Chittenden, 

Corps  of  Eiigineers,  U,  8.  A, 


I 


I  .1 


I 


,,  Table  of  estimates. 

CLOUD  PEAK  LAKE  BITR. 

25,015  cubic  yards  earth,  at  50  cents fl2,508 

10,900  cubic  yards  loose  rock,  at  70  cents 7,630 

200  cubic  yards  masonry,  at  $10 2,000 

300  cubic  yards  stone  excavation,  at  $3 900 

i                             3,446  pounds  iron,  at  16  cents 651 

j                               One  3-foot  sluice  gate 200 

I  {                            7  miles  roadway,  Piney  to  Cloud  Peak  Reservoir,  at  $150 1,050 

Total 24,839 

PINEY  SITE. 
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63,477  cubic  yards  ofearth, at  40  cents $25,391 

30,120  cubic  yards  of  loose  rock,  at  80  ceuts 24^096 

i                           431  cubic  yards  of  masonry,  at  $8 3,448 

.                           7,878  pounds  iron,  at  15  cents 1,283 

820  cubic  yards  stone  excavation,  at  $3 960 

j                          Two  3-foot  sluice  gates,  at  $200 ^ 400 

*                          7  miles  road  to  reservoir,  at  $100 700 

I  Total 56,2n 

>  LAKE  DB  SMET  SITE. 

Upper  discharge  canal : 

125,209  yards  earth,  at  20  cents $25,041 

3,550  yards  earth  in  tunnel,  at  50  cents_ 1, 775 

1,000  yards  concrete,  at  $6 6,000 

1  sluice  gate  in  place,  6-foot 300 

$33,116 

Lower  discharge  canal : 

159,407  yards  eartb,  at  20  cents 31,881 

3,550  yards  earth  in  tunnel,  at  50  cents 1,775 

1,000  yards  concrete,  at  $6 6,000 

1  sluicegate  in  place,  6-foot 300 

39,936 

Supply  canal : 

105,560  yards  earth,  at  12  cents 12,667 

66  yards  rubble  masonry,  at  $6 396 

18  yards  concrete,  at  $6 108 

Two  6-foot  iron  brass-mounted  gates : 550 

13,721 

450  acres  land  submerged  by  reservoir,  at  $5 2,3S0 

66  acres  for  right  of  way  forsapply  canal,  at  $20 1,320 

25  acres  for  right  of  way  for  discharge  canals,  at  $5 125 

I  1  wooden  bridge  at  county-road  crossing 200 

Total 90^688 
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Appendix  0, 

ponograph  by  mr.  james  a.  seddon,  assistant  engineer,  on 
reservoirs  and  their  effects  on  the  floods  op  the  missis- 
sippi system. 

(With  two  plates). 

I.  The  Mississippi  and  its  tributaries  abore  Cairo. 

Plate  I.  Floods  in  the  Mississipni  system,  1880-1885.  Stages  and  discharges  of 
the  Mississippi,  Missouri^  and  Ohio  rivers,  showing  the  combinations  that  make 
up  the  final  noods  at  Cairo,  with  map  showing  the  subdivisions  of  the  system 
and  their  respective  drainage  areas. 

I.  The  Lower  Mississippi. 

Plate  II.  Floods  in  the  Lower  Mississippi,  1882, 1883, 1884. 1892, 1893, 1897.  Staees 
and  discharges  at  points  of  maximum  outflow  and  inflow  from  Cairo  to  VicKs- 
burg,  showing  the  free  and  restrained  outflow  and  the  resulting  changes,  with 
map  showing  the  levee  lines  and  districts  subject  to  overflow,  with  areas  of 
the  respective  swamp  basins. 

L  THE  MISSISSIPPI  AND  ITS  TRIBUTARIES  ABOYB  CAIRO. 

(Plate  I.) 

The  effect  on  floods  in  the  Mississippi  Biver  and  its  tributaries  that 
systems  of  reservoirs  at  any  of  the  head  waters  may  have  is  wholly  a 
luestion  of  fact.  The  very  simple  deduction  that  the  excessive  volume 
tf  a  flood  may  be  so  withdrawn,  to  be  returned  when  the  river  has 
reached  a  lower  stage,  is  only  valuable  in  cases  that  in  some  degree 
x>rre8pond  with  the  very  simple  assumption  that  the  excessive  volume 
it  the  point  where  it  is  withdrawn  is  an  element  in  the  excessive  vol- 
ime  that  makes  the  destructive  flood  below.  And  where  this  flood 
3elow  is  the  combination  of  even  two  rivers,  it  is  not  by  any  process  of 
leduction  but  only  in  a  study  of  the  data  tliat  we  may  see  that  a  pro- 
i)osed  artificial  combination  of  one  or  both  is  likely  to  materially  reduce 
uhe  flood  extremes  of  the  natural  combination. 

That  these  natural  combinations  alone  form  the  basis  for  conclusions 
)f  any  value  in  such  a  case  as  the  Mississippi  system  is  self-evident, 
training  as  it  does  an  area  of  more  than  two  fifths  of  that  of  the  United 
States,  reaching  from  the  Rockies  to  the  Alleghenies  and  from  the 
jrulf  to  the  northern  divide — extending  through  some  34  degrees  of 
ongitude  and  20  of  latitude,  with  a  wide  range  in  its  climatic  condi- 
tions and  all  of  those  formations  which  determine  the  proportions  of 
run-off  to  rainfall,  and  with  high  waters,  in  its  main  branches  even,  in 
light  from  a  week  to  the  better  part  of  a  month  before  they  form  their 
inal  combinations  in  the  Lower  Mississippi. 

The  general  combinations  forming  the  floods  in  this  system  are  there- 
fore shown  on  the  accompanying  plate  as  far  as  the  data  taken  cover 
;he  problem.  It  is  one  that  requires  not  only  the  stages  in  the  rivers, 
^ven  by  gauge  records,  but  the  discharges  or  volumes  of  flow  corre- 
sponding to  these  stages.  As  reservoirs  do  but  take  a  given  volume 
Tom  the  flood  excess,  all  the  questions  here  include  a  question  of  vol- 
ime,  and  no  attempt  is  made  to  carry  this  study  farther  than  the  dis- 
charge data  go. 

The  map  accompanying  this  plate  shows  the  Mississippi  drainage 
system,  and  on  it  the  range  of  this  study  may  be  noted.  It  extends  up 
he  Missouri  Biver  to  Sioux  Gity,  subdivided  into  the  upper,  middle, 
md  lower  basins,  and  rests  on  the  various  series  of  discharge  observa- 
ions  taken  in  that  river  from  1879  to  1883.  The  Upper  Mississippi, 
rith  the  same  subdivisions,  reaches  to  Prescott,  at  the  mouth  of  tiie 
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St.  Oroix,  and  is  covered  by  tbe  series  of  discbarge  observations  of 
1881.  The  Middle  Mississippi  is  given  by  tbe  observations  at  St-Loois 
through  the  same  year.  The  1882  series  at  Padacah  give  the  final  dis- 
charges of  the  Ohio  River  basin  as  a  whole,  data  for  its  sabdivisions  not 
as  yet  having  been  taken,  while  the  combination  of  the  Ohio  and  the 
Middle  Mississippi  at  Cairo  rests  on  all  the  series  of  discbarge  observa- 
tions taken  in  the  reach  below,  as  far  down  as  Memphis,  and  from  1858 
to  1885. 

In  point  of  time,  the  six  years  from  1880  to  1885  have  been  selected 
for  this  study.  It  is  a  period  fairly  covered  by  the  observed  discharg:es, 
and  includes  about  the  extreme  and  average  combinations  of  which 
we  have  anything  like  definite  records.  It  might  have  been  extended, 
but  to  do  so  would  be  little  more  than  needlessly  to  multiply  data;  and 
as  it  is,  the  period  covers  a  group  of  extreme  fioods  from  the  Missouri, 
Upper  Mississippi,  and  Ohio  rivers,  and  includes  those  phenomenal  high 
waters  at  Cairo  in  the  years  1882, 1883,  and  1884. 

These  fioods  in  each  river,  as,  indeed,  about  all  the  fioods  of  which  we 
have  definite  records,  haye  been  the  subject  of  more  or  less  special 
study,  and  to  follow  the  data  into  anything  like  the  detail  of  some  of 
these  studies  would  but  obliterate  its  general  relations,  which  in  this 
case  are  of  first  importance.  The  aim  in  preparing  this  plate  has  been 
to  bring  together  the  coincident  phenomena  of  stage  and  discharge 
over  the  Mississippi  system  through  this  period  of  six  years,  showing, 
as  immediately  as  possible,  all  the^essential  combinations  in  it  in  their 
summations  and  their  difierences. 

Further  subdivisions  might  have  been  made  of  both  the  Missouri  and 
Upper  Mississippi  rivers,  and  it  is  to  be  regretted  that  the  data  are 
wanting  for  some  subdivisions  of  the  Ohio,  but  as  far  as  they  go  the 
localities  at  which  the  stages  are  platted  and  the  discharges  shown  give 
about  as  much  of  the  character  of  the  fioods  in  each  river  as  is  consist- 
ent with  the  main  purpose  of  tracing  their  combined  results. 

These  hydrographs,  or  traces  of  the  daily  stage,  given  by  platting  for 
each  point  the  gauge  readings  as  ordinates  to  a  common  scale  of  time 
as  abscisssB,  show,  roughly,  the  movements  of  the  fioods  down.  For 
instance,  the  very  slow  movement  in  the  Upper  Mississippi  would  be 
at  once  noted  in  contrast  with  the  more  rapid  movement  in  the  Mis- 
souri, and,  indeed,  on  the  Missouri  the  general  interval  of  about  four 
days  from  Sioux  City  to  Kansas  City,  and  three  days  from  there  to 
St.  Charles,  may  be  fairly  seen  in  the  time  between  the  fiood  crests  at 
these  points,  as  also  the  special  retardation  of  that  crest  in  the  great 
overflow  of  1881.  But  the  further  interval  of  about  three  dajrs  from 
St  Charles  to  Cairo  is  hardly  suggested  in  the  diagram. 

In  detail,  this  fiood  movement  is  studied  in  gauge  relations,  the  read- 
ings on  an  upper  gauge  being  platted  as  ordinates  to  those  on  a  lower 
as  abscissae,  with  assumed  time  intervals,  until  by  successive  approxi- 
mations the  interval  that  corresponds  to  the  movement  of  the  fiood 
wave  as  a  whole  is  reached  and  the  character  of  this  movement  shown. 
In  this  way  the  observed  discharges  may  be  carried  from  point  to  point 
in  a  river  and  the  increments  of  the  smaller  tributaries  between  such 
points  estimated  quite  accurately,  but  even  in  the  reaches  over  which 
such  studies  may  be  carried  only  an  obscure  view  of  coincident  phe- 
nomena is  had,  and  it  is  lost  sight  of  entirely  when  it  comes  to  the  com- 
binations of  fioods  in  a  system  of  rivers. 

The  same  objection  holds  to  the  method  in  which  discharge  data  are 
studied.  The  observed  discharges  at  any  point  are  platted  as  abscisss 
to  the  gauge  readings  as  ordinates,  and  the  variation  of  discharge  to 


APPENDIX  P  P — REPORT  OP  LIEUT.  COL.  CHITTENDEN.      2889 

gauge  traced  through  them  gives  a  local  discharge  curve.  The  relation 
of  the  readings  on  this  gauge  with  others  above  or  below  having  been 
determined  by  gauge  relations,  the  character  of  the  flood  movements 
Been,  and  the  tributary  increments  estimated,  either  this  local  curve  or 
the  observed  discharge  here  may  be  brought  into  comparison  with 
carves  and  discharges  at  other  points  of  the  river  and  at  other  times, 
and  in  a  general  study  about  all  the  discharge  data  of  a  river  are 
brought  together  in  this  way  to  be  compared  and  checked.  But  in  this 
method  it  is  difficult  to  follow  the  sequence  of  discharge  anywhere,  and 
it  has  to  be  continually  worked  out  and  platted  as  variations  to  time, 
even  in  the  local  comparisons. 

In  bringing  all  this  mass  of  data  together,  therefore,  for  a  compre- 
hensive view  of  the  whole  system  of  rivers  t  he  methods  of  these  detailed 
studies  are  not  at  all  suitable,  nor  are  they  here  necessary.  The  special 
character  of  flood  movement  is  not  so  much  in  question  in  this  case  as 
its  results,  shown  in  the  different  stages  as  we  go  down  the  system, 
while  the  corresponding  values  of  discharge  are  but  taken  from  the 
detailed  studies  of  those  data  and  shown  on  these  resultng  stages. 

The  method  is  easily  followed  on  the  plate.  On  the  vertical  line  of  a 
given  day  all  the  stages  and  discharges  of  that  day  from  Sioux  Gity  or 
Prescott  to  Cairo  are  shown.  First  in  order,  down  come  the  three  sub- 
divisions of  the  Missouri — the  upper,  Sioux  Gity;  the  middle,  Kansas 
City,  and  the  lower,  St.  Charles.  Next  come  the  corresponding  sub- 
divisions of  the  Upper  Mississippi — the  upper,  Prescott;  the  middle, 
Clayton,  and  the  lower,  Grafton.  Below,  the  sum  of  St.  Charles  ana 
Grafton  makes  the  Middle  Mississippi,  shown  in  the  stage  and  dis- 
charge at  St.  Louis,  followed  by  like  data  of  the  Ohio  River  at  Paducah, 
giving  finally  the  sum  of  the  Middle  Mississippi  and  Ohio  in  the  stage 
and  discharge  at  Cairo,  while  these  data  of  Cach  day  are  shown  on  the 
plate  in  sequence  for  every  day  of  the  six  years  covered  by  this  study. 

The  vertical  ruling  shows  the  months  and  divisions  of  ordinary 
hydrographs,  while  the  horizontal  ruling  shows  the  uniform  scale  in 
intervals  of  2  feet,  to  which  all  the  stages  are  platted.  The  scale  of 
stage  for  each  station,  however,  is  shown  from  a  given  low- water  dis- 
charge level,  in  the  place  of  taking  it  from  the  arbitrary  zero  of  a  gauge, 
while  at  the  same  time,  above  this  low  water,  the  levels  of  uniformly 
increasing  discharges  are  taken  from  the  detailed  studies  and  marked 
as  a  discharge  scale.  The  variable  intervals  of  stage  between  these 
levels,  corresponding  to  the  uniform  differences  of  discharge,  are  also 
drawn  through  all  the  floods  of  the  period  at  the  given  s^tion,  and, 
for  convenience  of  reading,  alternate  intervals  are  shaded.  Thus,  on 
any  day  at  any  station  the  stage  may  be  read  direct  on  its  uniform 
scale  and  the  discharge  estimated  between  the  given  intervals  on  its 
variable  scale. 

The  discharges  of  the  low- water  levels  at  St.  Charles  and  Grafton, 
of  course,  sum  up  the  discharge  of  the  level  taken  for  low  water  at  St. 
Jjouis;  and,  again,  St.  Louis  and  Paducah  give  the  discharge  of  the  low- 
water  level  at  Cairo,  while  the  arbitrary  differences  on  the  scales  of 
discharge  above  these  levels  have  been  taken  to  correspond  with  these 
natural  summations  in  the  main  rivers.  Thus  the  scale  interval  is 
50,000  cubic  feet  per  second  on  the  Missouri  and  Upper  Mississippi,  and 
when  they  come  together  it  is  doubled,  giving  100,000  for  the  Middle 
Mississippi,  with  a  like  interval  for  the  Ohio,  and  again  doubled  at 
Cairo,  where  these  two  rivers  unite  to  form  the  Lower  Mississippi. 
Values  on  the  scales  are  written  in  the  customary  units  of  1^000  foot- 
seconds. 
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These  discharge  scales,  or  respective  levels  of  given  differences  of 
discharge,  are  taken  from  the  local  discharge  corves,  and  each  repre- 
!  sents  what  has  come  to  be  called  an  average,  or  normal  plane.    That  at 

!  different  times  there  are  different  vidaes  of  discharge  at  the  same  stage 

has  long  been  recognized.  For  instance,  the  observations  show  almost 
uniformly  a  larger  valae  of  discharge  on  a  rising  than  on  a  falling  river, 
and  such  differences  have  been  mainly  studied  as  differences,  or  changes 
of  plane.  They  run  through  periods,  and  change  from  one  side  of  a 
normal  curve  to  the  other  from  causes  that  are  as  yet  very  imperfectly 
understood.  They  are,  however,  clearly  not  constant  in  their  dis- 
charge difference,  for  generally  as  the  discharge  is  larger  these  differ- 
ences in  discharge  are  seen  to  be  larger  also,  but  with  the  exception 
of  low  water  they  are  very  well  expressed  by  a  constant  difference  on 
the  gauge  scale,  the  increase  of  the  differences  corresponding  to  the 
normal  increase  of  discharge  with  stage.  They  might,  (lerhaps,  have 
been  fitted  equally  as  well  by  percentages  of  the  discharge,  were 
there  any  good  reason  to  justify  the  use  of  this  much  more  laborious 
process,  but,  lacking  that,  in  their  study  they  have  been  generally 
expressed  in  this  gauge  difference  as  a  change  of  plane.  Thus  the 
larger  discharges  on  a  rising  river  may  be  discharges  on  a  plane  half  a 
foot  below  normal,  and  the  falling  river  on  a  plane  half  a  foot  above; 
I     I  and  in  that  case,  the  total  difference  between  the  rising  and  falling 

river  at  each  stage  would  be  the  normal  difference  of  discharge  there 
for  a  foot  of  stage. 

Besides  these  changes  of  plane,  which  are  held  to  be  characteristics 
of  the  floods  and  their  combinations,  there  are  low- water  differences  in 
the  discharge  of  a  given  stage  which  are  held  to  be  strictly  channel 
changes.  The  extreme,  a  total  change  in  the  regimen  of  the  reach  in 
which  the  gauge  is  located,  of  course,  may  result  in  a  permanent  change 
in  the  normal  discharge  curve  there,  but  in  general  the  building  up  or 
moving  down  of  a  bar  has  only  a  more  or  less  well-defined  local  effect 
on  the  low-water  stage,  and  the  actuid  discharges  of  the  low-water 
^  I  levels  must  be  taken  subject  to  such  variations.    In  the  upi)er  rivers, 

I  also,  which  are  generally  frozen  over  for  several  of  the  winter  months, 

and  open  with  more  or  less  forming  and  breaking  of  ice  gorges,  the 
sequence  of  gauge  readings  is  often  so  irregular  that  we  would  infer  a 
very  irregular  relation  of  discharge  to  gauge,  and  in  the  lack  of  positive 
data  can  give  no  definite  estimate  of  its  value.  No  attempt  has  been 
made,  therefore,  to  carry  the  discharge  scales  into  the  extreme  low 
waters  of  these  periods.  And  further,  in  addition  to  these  local  low- 
water  variations,  there  seems  to  be,  at  least  in  the  Missouri  Biver,  a 
tendency  of  high  floods  to  clear  out  the  whole  low-water  bed,  giving  all 
along  the  river  larger  values  of  discharge  in  the  low  waters  following 
these  floods  than  correspond  to  the  same  stages  in  general,  while  in 
the  same  way  when  the  floods  have  been  low  for  a  period  of  years  the 
low- water  values  of  discharge  at  given  stages  are  abnormally  small. 

All  these  causes  combine  to  give  to  the  discharges  of  a  given  stage  at 
different  times  their  recognized  differences.  Some  of  them  may  be 
roughly  estimated;  thus  the  scales,  or  the  normal  curves  firom  whicb 
they  are  taken,  are  likely  to  undervalue  the  actual  maximum  discharge 
of  a  flood,  even  where  they  accurately  represent  its  average  across  tbe 
crest.  And  again,  if  we  wished  to  approach  somewhat  nearer  tbe 
actual  discharges  through  a  rise,  we  might  take  a  lower  plane  for  it 
from  a  few  tenths  to  perhaps  as  much  as  a  foot,  and  by  adding  tiiat 
much  to  the  observed  stages,  read  its  discharges  on  the  normal  scale, 
following  a  reverse  process  through  the  falL    But  very  generally  in 
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loable  rises,  and  sometimes  from  one  flood  to  another,  changes  of  plane 
>ccar  that  are  still  almost  wholly  a  subject  of  speculation,  while  the 
local  low-water  chan|?>:es,  though  small  in  their  discharge  error,  are 
dversrwhere  only  a  question  of  fact.  But  even  where  this  whole  subject 
is  covered  by  reliable  discharge  observations  it  is  a  most  difficult  prob- 
lem to  trace  out  the  elements  of  these  changes  and  determine  their 
magnitudes,  and  it  is  well  to  understand  at  once  that  in  default  of 
such  positive  data  at  the  time,  in  general  no  closer  approximation  can 
be  made  than  this  average  value  of  discharge,  and  a  closer  agreement 
than  this  warrants,*  in  summing  its  combinations,  is  not  to  be  expected. 

With  this  recognized,  some  of  the  more  prominent  combinations 
may  be  now  noted.  Take,  for  instance,  the  high- water  crest  of  June- 
July,  1880.  on  the  Missouri.  We  see  the  general  value  of  discbarge  150 
%t  Sioux  City,  something  more  at  Kansas  City,  and  about  200  at  8t. 
Dharles.  On  the  Upper  Mississippi,  100  at  Prescott,  200  at  Clayton, 
ftnd  between  250  and  300  at  Grafton.  The  combination  of  St.  Charles 
Ukd  Grafton  gives  something  less  than  500  at  St.  Louis,  which,  with 
something  more  than  300  from  the  Ohio,  makes  up  the  800  discharge  of 
this  crest  at  Cairo..  The  highest  water  of  this  year  at  Cairo,  however, 
>ccurs  in  the  latter  part  of  March,  with  a  discharge  of  something  over 
L,200,  about  1,000  of  which  we  see  at  Paducah  and  100  at  St.  Louis, 
eaving  100  difference,  some  of  which  is  drainage  from  the  watersheds 
between  St.  Louis  and  Cairo,  and  some  of  which  may  be  this  error  of 
lischarge  values. 

Again  following  down  the  crest  of  the  great  flood  of  1881  on  the  Mis- 
lonriy  we  see  that  it  is  well  above  the  500  value  of  discharge  at  Sioux 
Dity  and  Kansas  City  and  barely  500  at  St.  Charles.  This  showing  of 
k  reduced  discharge  may  have  been  a  result  of  its  exceptional  overflow, 
illing  as  it  did  from  bluff  to  bluff  the  whole  valley  to  well  below  Kan- 
sas City;  yet  it  must  be  noted  that  no  discharges  at  any  such  high 
stages  have  yet  been  measured  at  either  Sioux  City  or  Kansas  City, 
ind  the  scales  there  are  only  carried  up  with  the  rates  of  lower  obser- 
irations.  It  is  also  not  uncommon  to  find  in  general  discharge  data  a 
5heck  to  velocity  as  we  pass  above  this  stage  of  overflow,  and  this  is 
lere  suggested  by  the  peculiarly  retarded  movement  of  the  flood  wave 
lown  the  river.  This  showing  must  not,  therefore,  be  taken  as  con- 
slasive  of  a  reducing  discharge. 

Continuing  this  period  down,  the  something  under  500  discharge  at 
^t.  Charles  with  the  something  over  300  at  Grafton  give  about  the  800 
bt  St.  LoniSy  which,  with  something  under  500  at  Paducah,  should  give 
learly  Ij^OO  for  Cairo,  in  the  place  of  the  something  under  1,200  shown 
here.  This  excess  indicates  an  abnormally  low  plane  at  Cairo  or  an 
abnormally  high  plane  above;  but  whichever  it  is  we  have  only  to  go 
lack  some  twenty  days  to  the  main  crest  at  Cairo  to  flnd  the  flow  again 
orresponding  with  the  normal  planes,  and  550  at  St.  Louis,  with  750  at 
'aducah,  give  the  1,300  at  Cairo,  while  again  St.  Louis  is  made  up  of 
omething  over  250  at  both  St.  Charles  and  Grafton.  The  St.  Charles 
lere  is  a  combination  of  headwater  rises,  which  would  certainly  show 
i  reducing  discharge  down  did  we  not  know  that  at  this  time  it  was  so 
nixed  up  with  ice  gorging  that  little  in  the  way  of  deflnite  conclusions 
ian  be  drawn  fh>m  it,  while  it  is  seen  that  the  Grafton  flood  comes  in 
dmost  wholly  from  below  Clayton. 

These  subdivisions  of  the  Upper  Mississippi  above  Grafton  require 
special  notice.  While  the  stages  and  discharges  were  observed  at 
Prescott  and  Clayton  from  November,  1880,  to  the  latter  part  of  Octo- 
)er|  1881|  the  stages  for  the  six  years  covered  by  this  study  were  neces- 
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Barily  taken  firom  the  regalar  gauge  records  at  Hastings,  3  miles  above 
!\  Prescott,  and  Prairie  da  Ghien,  14  miles  above  Clayton.    These  records, 

I  respectively  above  the  St*  Croix  and  Wisconsin  rivers  have  the  neces- 

!'  sary  defects  of  a  gauge  so  located  with  regard  to  a  tributary.    However, 

through  the  year  in  which  comparisons  could  be  made  with  the  gauges 
'  of  discharge  parties  these  defects  were  considered  fairly  within  the 

possible  error  in  any  normal  value  of  discharge,  and  in  the  case  of 
*  Prescott  it  would  certainly  hardly  ever  exceed  this;  but  in  the  case  of 

Clayton  it  can  not  be  said  that  there  were  no  serious  changes  of  slope 
!  in  the  14  miles  between  the  gauges,  even  though  n6ne  occurred  in  the 

i  year  covered  by  readings  on  both.    To  this  extent  the  discharges  at 

!      i  Clayton  are  subject  to  this  possible  additional  source  of  error  in  all 

except  the  1880-81  period.    However,  it  cuts  no  figure  in  the  general 
\  combinations  of  the  system,  and  it  serves  its  purpose  very  well  in 

;      j  showing  that  the  flood  of  the  Upper  Mississippi  is  mainly  formed  in 

!      I  the  Grafton  drainage  basin. 

I  Following  1881,  which  is  the  only  instance  k  no  wn  where  a  head  rise  from 

above  Sioux  City  has  reached  anything  like  such  volumes,  1883  shows 
the  more  general  type  of  high  flood  in  the  Missouri.*  The  regular  June 
rise  in  that  case  receives  large  contributions  from  both  the  middle  and 
lower  basins,  and  as  we  should  expect,  combining  with  like  contribu- 
tions from  the  Grafton  basin,  continues  the  high  water  into  the  Middle 
Mississippi.  But  it  comes  altogether  too  late  for  the  flood  season  in 
the  Ohio,  and  the  combination  in  the  Lower  Mississippi  is  some  13  feet 
below  extreme  high  water. 

This  is  also  a  case  in  which  the  summations  of  the  scale  values  of 
discharge  can  not  be  reconciled.  It  is  clearly  over  800  at  St.  Louis, 
both  from  the  St.  Louis  values  and  the  sums  of  the  St.  Charles  and 
Grafton  values.  But  this,  with  the  nearly  400  at  Pa<lucah,  should  give 
1,200  for  Cairo,  while  we  see  that  it  reads  barely  1,000  on  the  Cairo 
scale.  Whether  the  plane  of  flow  at  Paducah  was  abnormally  high  or 
at  Cairo  abnormally  low,  or  what  combination  of  these  two  existed,  is 
simply  a  matter  of  speculation.  The  extreme  high  water,  however,  of 
February  in  that  year  agrees  very  well,  about  200  at  St.  Charles  and 
300  at  Grafton,  making  the  500  at  St.  Louis,  which  with  more  than 
1,200  at  Paducah,  give  the  1,700  or  more  at  Cairo.  And  this,  like  great 
floods  in  general  in  the  Lower  Mississippi,  is  almost  wholly  an  effect  of 
the  Ohio  Kiver,  while  even  the  500  from  St.  Louis  comes  mainly  from 
the  St  Charles  and  Grafton  drainage  basins. 

The  great  floods  at  Cairo  of  1882  and  1884  show  even  more  strikingly 
than  that  of  1883  this  preponderance  of  the  Ohio  Biver  effects.  True, 
the  extreme  of  the  1882  flood  at  Cairo  is  given  by  the  sharp  rise  to 
something  over  500  at  St.  Louis,  coming  upon  Paducah  over  the  1,200 
mark,  again  combining  to  give  a  Cairo  crest  closely  approaching  1,700. 
But  the  great  body  of  this  flood  is  wholly  from  the  Ohio,  and  the  total 
contribution  from  the  Middle  Mississippi  is  almost  insignificant.  And 
again  in  1884  the  1,700  point  is  reached  at  Cairo  with  over  1,400  from 
Paducah  and  less  than  200  from  St.  Louis. 

As  we  have  summed  up  the  crest  discharges,  so  we  may  sum  up  the 
hollows  between  them,  or  the  low-water  periods,  and  indeed,  allowing 
the  proper  intervals,  carry  the  comparison  from  day  to  day  through  the 
whole  of  the  six  years  covered  by  thejBtudy,  In  all  this  we  will  find  in 
the  main  an  essential  agreement  within  the  limits  of  those  errors  whose 
sources  have  been  noted.  But  perhaps  the  last  two  years  of  the  St 
Charles  data  deserve  a  special  notice.  There,  during  the  flood  of  1884, 
in  the  reach  just  above  the  gauge,  occurred  one  of  those  radical  changed 
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in  the  re^^men  before  referred  to.  The  river  in  that  case  left  its  old 
channel  around  the  St.  Gharles  Island  and  shortened  its  course  by 
several  miles.  But  the  data  here  show  at  least  no  very  considerable 
error  in  the  use  of  the  old  normal  curve,  and  some  discharge  observa- 
tions taken  about  six  years  later  indicate  that  whatever  may  have  been 
the  change  at  the  time,  there  was  but  little  of  it  permanent. 

From  the  general  review  of  the  data  shown  on  this  plate  we  may  here 
turn  to  the  more  special  question  of  tracing  on  it  the  effect  of  reser- 
voirs. The  1,000  cubic  feet  per  second  used  throughout  as  the  unit  of 
discharge  is  86.4  millions  of  cubic  feet  a  day,  or  a  square  mile  covered 
to  a  depth  of  3.1  feet.  A  convenient  unit  of  capacity  may  be  therefore 
taken  as  a  square  mile  of  reservoir  surface  filled  through  31  feet,  which 
is  equal  to  a  value  of  10  on  the  discharge  scales  through  one  day. 
Thus,  for  each  day  the  50-scale  interval  in  the  discharge  of  the  upper 
rivers  is  equal  to  5  square  miles  of  reservoir  surface  filled  through  31 
feet,  while  the  scale  interval  is  four  times  as  much  for  each  day  at 
Cairo. 

With  these  equivalents  we  may  easily  reckon  the  capacity  required 
for  a  given  reduction  of  any  flood.  Thus,  to  bring  the  flood  of  1881  at 
Sioux  Gity  down  to  the  level  of  a  400  discharge,  we  read  there  the 
excess  above  400  for  each  day,  approximately,  as  follows: 

Day        m    (2)     (3)     (4)    (5)   (6)}^ 
Exceai    SO    130    140    120    80    10  J  ^^ 

Or  it  would  have  required  an  available  reservoir  capacity  above  Sioux 
Gity  of  at  least  56  square  miles,  31  feet  deep,  and  we  see  that  the  corre- 
sponding reduction  in  stage  in  that  case  is  2.8  feet. 

Again,  to  cut  down  to  400  in  the  Missouri  the  flood  of  1883.  At 
Kansas  Gity  we  have  the  following  excess: 


Day        (1)  (2)   (3)  (A))^ 
Excess    10    30    30    10  J  ^ 


Or  eight  of  our  units  of  reservoir  capacity,  reducing  the  stage  there 
0.7  foot.  At  St.  Gharles  the  stage  must  be  reduced  3.9  feet,  and  the 
excesses  are: 

^•y  <ii  ^^1  (^>  W  (5>  (^>  f^)  ^^)  (^>  (^^>  ^^^>  (^>  f^^>  (^*>  (^5)  \  1 550 
ExcMS  ^  50  70  110  140  160  180  180  160  130  100  90   70   60  30  ( ^'^^ 

From  this  the  80  excess  at  Kansas  Gity  must  be  taken,  leaving  finally 
147  square  miles  31  feet  deep  for  the  capacity  required  in  the  St.  Gharles 
drainage  basin. 

True,  some  of  this  St.  Gharles  excess  might  have  been  taken  off  in 
the  Kansas  Gity  drainage  basin,  if  it  had  been  taken  off  in  the  right 
time,  and  again,  with  the  same  proviso,  some  of  both  the  Kansas  Gity 
and  St.  Gharles  excess  might  have  been  taken  off  in  the  Sioux  Gity 
Basin.  But  the  highest  water  of  that  season  at  Sioux  Gity  is  not 
reached  until  two  weeks  after  the  crest  considered  has  passed  St. 
Gharles,  and  had  the  reservoirs  in  that  basin  been  filled  from  this  high 
water,  they  would  not  have  had  the  slightest  effect  in  reducing  the  flood 
extreme  below.  Indeed,  we  have  been  only  calculating  the  least  reser- 
voir capacity  for  a  given  reduction,  assuming  that  the  reservoirs  in 
their  respective  drainage  basins  could  be  so  used  as  to  effect  this, 
requiring  them  to  be  filled  at  the  proper  times  and  at  rates  correspond- 
ing to  all  the  changes  in  the  values  of  the  daily  excess. 

Of  course  it  is  evident  that  such  a  perfectly  efficient  operation  of 
reservoirs  in  any  drainage  basin  could  not  be  attained,  and  even  for  a 
fair  degree  of  efficiency  the  study  of  floods  would  have  to  be  carried 
much  nearer  their  sources  than  they  have  yet  been;  but  as  it  is  only  a 
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question  of  coUectiDg  and  studying  the  data  to  carry  these  even  up  to 
their  origin  in  the  rainfall,  we  may  suppose  that  in  time  a  system  of 
reservoirs  may  come  to  be  operated  with  some  approach  to  the  efficieucy 
I  of  these  calculated  effects. 

And  while  it  is  much  less  probable  that  a  system  of  upper  reservoirs 
could  be  used  to  reduce  the  flood  excesses  of  rain  that  had  not  yet  fallen 
in  a  lower  basin,  and  that  unless  the  reservoir  system  was  continued 
down,  reducing  the  lower  flood  extremes  with  it,  would  be  more  and 
more  a  matter  of  chance.  Still,  probably  for  the  Missouri  River,  a 
comprehensive  system  of  reservoirs  in  the  Sioux  City  and  Kansas  City 
basins  might  be  counted  on  to  materially  reduce  the  volumes  of  its 
excessive  floods,  and  this,  from  the  capacity  of  any  given  system,  may 
be  easily  reckoned  on  a  basis  of  perfect  efiiciency. 

What  the  actual  efficiency  in  their  operation  at  first  might  be  is 
largely  a  matter  of  guesswork,  as  it  iovoives  problems  that  time  and 
experience  alone  can  solve.  But  assuming  that  the  unstudied  move- 
ments of  floods  at  their  sources  present  no  unforeseen  difficulties,  we 
may  take  the  final  efficiency  of  operation  as  a  firaction  something  over 
half  the  perfect  efficiency,  and  perhaps  as  much  as  three-quarters  of  it, 
and  trace  on  that  basis  actual  reductions  of  volume  and  stage  to  St 
Charles.  From  here  in  the  enlarged  channel  of  the  Middle  Mississippi 
this  effect  on  flood  stage  is  materially  reduced,  and  a  new  element  of 
chance  enters  into  its  combinations  with  the  Upper  Mississippi.  Bat 
the  bigh-water  crest  at  St.  Charles  in  general  coincides  with  the  crest 
at  St.  Louis,  and  were  a  system  of  reservoirs  also  constructed  in  the 
Grafton  drainage  basin  they  could  probably  be  operated  in  harmony 
with  the  Missouri  systems. 

ilowever,  with  or  without  this  Grafton  system,  which  is  evidently 
the  only  one  that  could  be  brought  to  materially  affect  the  final  volume 
of  floods  in  the  Upper  Mississippi,  it  is  seen  at  once  that  the  whole  of 
these  efiects  are  utterly  obliterated  when  we  come  to  combine  the 
Middle  Mississippi  with  the  Ohio.  Not  only  is  the  volume  of  the  St. 
Louis  flood  much  smaller  than  that  of  Paducah,  but  the  wide  interval 
between  their  periods  can  hardly  be  said  to  leave  a  chance  of  the  main 
flood  from  the  Middle  Mississippi  coinciding  with  the  main  flood  from 
the  Ohio,  which  makes  the  high- water  crest  from  Cairo  down ;  while  such 
floods  as  1881  or  1883  at  St.  Louis,  striking  as  they  do  on  secondary 
crests  at  Paducah,  are  wholly  insignificant  in  the  high-water  stages  of 
the  Lower  Mississippi. 

Possibly  an  upper  system  in  the  Grafton  and  St.  Charles  basins  oonld 
have  been  used  in  some  small  way  to  mitigate  the  flood  extremes  at 
Cairo  in  1882  and  1883,  by  cutting  down  the  early  rises  at  St.  Louis  that 
correspond  with  tbem.  But  such  a  use  of  reservoirs  might  conflict  with 
their  usefulness  in  reducing  the  flood  extremes  of  the  basins  in  which 
they  were  located,  and  would  have  in  their  lower  river  effects  a  large 
element  of  chance;  while  in  1884  about  the  same  extreme  is  reached  at 
Cario  with  little  more  than  an  ordinary  low  water  at  St.  Louis. 

It  is  evident,  therefore,  that  if  we  look  for  head- water  reservoirs  to 
eflect  any  reduction  of  flood  extremes  at  Cairo,  we  must  look  for  them 
wbolly  in  the  Ohio  liiver  basin,  and  until  the  discharge  data  are  taben 
for  a  suitable  subdivision  of  this  river,  and  the  volume  of  its  flood  traced 
back  in  some  degree  to  its  sources,  whatever  systems  of  reservoirs  may 
be  proposed  here  and  whatever  may  be  possible,  very  little  can  be  pre- 
determined in  regard  to  the  efiects  that  they  might  have  on  flood 
extremes. 
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n.  THE  LOWER  MISSISSIPPI. 
(Plate  IL) 

So  much  for  the  direct  effects  of  head- water  reservoirs;  bat  these 
direct  effects  are  not  all  of  the  question.  In  a  large  part  of  the 
Mississippi  system,  where  the  rivers  lie  in  alluvial  valleys  of  their  own 
deposits,  to  change  materially  the  extremes  of  volume  would  naturally 
cause  some  change  iu  the  whole  regimen.  In  the  Lower  Mississippi, 
where  overflow  from  point  to  i)oint  causes  such  changes  in  the  extremes 
of  volume,  there  is  noted  at  once  a  corresponding  difference  in  the 
range  from  low  to  high  water,  a  difference  from  more  than  50  feet  in 
the  one  case  to  less  than  40  feet  iu  the  other.  But  this  in  itself  leaves 
the  question  still  open  whether  the  loss  of  volume  had  lowered  the 
natural  high- water  level  or  raised  the  natural  low-water  level,  or  what 
combinations  of  both  it  had  caused. 

While  all  this  has  long  been  a  subject  of  controversy,  it  would  not 
have  been  taken  up  here  were  it  not  that  the  data  of  the  Lower 
Mississippi  are  beginning  to  contribute  something  in  the  way  of  facts 
to  this  field  speculation.  It  is  not  necessary  to  speculate  about  what 
would  be  the  effect  of  withdrawing  a  flood  excess,  for  that  is  exactly 
what  we  have  in  the  earlier  conditions  of  the  Lower  Mississippi,  and 
in  the  changes  accompanying  the  more  completely  leveed  river  of  to-day, 
what  is  at  least  beginning  to  be  a  measure  of  this  effect  is  given. 
While,  therefore,  the  study  of  floods  has  been  brought  down  to  Oairo 
with  the  main  purpose  of  simply  tracing  their  volumes  and  their  general 
combinations,  m  carrying  the  study  from  Cairo  down  the  main  purpose 
is  to  see  the  effects  that  the  withdrawal  of  flood  excesses  may  have  on 
the  regimen ;  and  for  this  a  group  of  the  earlier  floods  are  brought  in 
contrast  with  the  more  completely  leveed  floods  of  later  years. 

Plate  II  presents  the  data,  with  map  showing  the  Mississippi  Biver 
from  Cairo  down  and  the  areas  subject  to  overflow  at  high  water. 
Upon  the  west  bank,  from  Cairo  to  Helena,  lies  the  St.  Francis  Basin, 
while  the  Yazoo  extends  from  Memphis  to  Yicksburg,  on  the  east. 
Below  the  bluffs  at  Helena,  on  the  west,  lies  the  small  area  known  as  the 
White  Biver  Basin,  ending  a  little  below  the  Arkansas  Biver,  where 
the  Tensas  Basin  begins,  extending  down  to  Bed  Biver.  Below  the  Bed 
Biver,  on  the  west,  the  overflow  area  is  known  as  the  Atchafalaya  Basin, 
and  on  the  east,  from  where  the  bluff's  finally  leave  the  river,  as  the 
Pontchartrain. 

In  general  all  along  these  basins  the  ground  slox>es  back  from  the 
Mississippi  into  an  area  of  low  swamps  threaded  with  lakes  and  bayous 
and  draining  into  such  rivers  as  the  St.  Francis  and  Yazoo.  Thus  as 
the  Mississippi  rises  above  the  bank  full  stage  the  flood  excess  is  drawn 
off'  into  these  swamps,  which  act  so  far  just  as  a  system  of  great  reser- 
voirs. As,  however,  all  the  upper  basins  have  their  natural  drainage 
back  into  the  Mississippi,  it  is  only  above  this  return  that  the  reservoir 
action  is  complete,  while  at  their  lower  ends  they  do  not  hold  but  only 
retard  the  movement  of  the  flood  excesses  that  have  been  drawn  off 
above. 

The  time  that  this  overflow  is  held  back  probably  differs  to  some 
degree  with  the  stage  and  duration  of  each  flood,  and  it  is  only  roughly 
estimated  in  the  interval  between  the  crest  of  the  flood  above  the  basin 
and  the  crest  of  the  swamp  return  flow  at  its  foot.  It  may,  however, 
be  generally  taken  for  the  St  Francis  or  the  Yazoo  as  about  two  weeks 
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Id  each  case,  and  these  basins  are  thus  equivalent  to  two  great  reservoir 
systems  that  draw  off  the  flood  excess  along  all  their  upper  boundary 
and  return  it  to  the  Mississippi  at  their  lower  ends  after  this  time, 
though  in  addition  to  this  there  are  also  large  areas  that  are  simply 
flooded  to  a  level  and  can  only  be  drawn  down  as  the  river  falls. 

The  dividing  line  for  the  St.  Francis  basin  between  this  general  out- 
flow and  inflow  is  probably  a  little  below  Memphis,  though  the  difference 
in  stage  and  discharge  between  Gairo  and  Memphis  is  the  best  measure 
to  be  had  of  total  outflow;  and  again,  between  Memphis  and  Helena, 
*of  total  inflow.  Tbe  inflow  in  that  case,  however,  is  evidently  not  a 
total,  since  the  outflow  into  the  Upper  Yazoo  at  the  same  time  is 
necessarily  lost  to  the  Helena  stage  and  discharge. 

Farther  down  Lake  Providence  and  Yicksburg  hold  respectively 
about  the  same  relation  to  the  Yazoo  basin  that  Memphis  and  Helena 
do  to  the  St.  Francis,  Lake  Providence  showing  the  extreme  of  outflow 
and  Yicksburg  of  inflow;  but  the  conditions  here  are  evidently  much 
more  complicated.  First,  the  outflow  into  the  Upper  Yazoo  between 
Memphis  and  Helena  is  not  directly  shown  upon  any  gauge;  then,  the 
filling  and  emptying  of  the  White  River  basin,  with  the  addition^ 
water  from  the  Arkansas  and  White  rivers,  draining  as  they  do  one  of 
the  great  subdivisions  of  the  Mississippi  system,  all  together  combine 
to  obliterate  the  effect  of  the  further  overflow  into  the  middle  Yazoo 
between  Helena  and  the  mouth  of  White  Kiver;  and,  Anally,  while  the 
differences  in  stage  and  discharge  between  the  mouth  of  White  River 
and  Lake  Providence  show  the  total  outflow  in  that  reach,  there  is  no 
way  of  there  separating  the  outflow  into  the  Lower  Yazoo  from  that 
into  the  Upper  Tensas. 

About  the  best  that  can  be  done,  therefore,  with  the  Yazoo  basin  is 
to  take  for  it  the  mouth  of  White  River  as  a  second  initial  pointy  as 
Cairo  was  taken  for  the  St.  Francis.  In  that  way  something  of  the  out- 
flow is  shown  by  the  differences  in  stage  and  discharge  between  the 
mouth  of  White  River  and  Lake  Providence,  and  probably  more  nearly 
the  full  inflow  in  the  differences  between  Lake  Providence  and  Yicks- 
burg. Indeed,  this  last  measures  the  same  sort  of  an  approximate 
inflow  that  the  diflerence  between  Memphis  and  Helena  measured  for 
the  St.  Francis;  that  is,  less  than  the  full  inflow  by  tiie  simidtaneous 
outflow  into  the  Tensas  between  these  gauges. 

Farther  down  the  conditions  become  even  more  complicated,  and 
with  the  alternating  inflow  and  outflow  at  the  head  of  the  Atchafalaya 
accompanying  the  relative  changes  of  stage  in  the  Mississippi  and  Red 
rivers  the  sequence  of  discharge  down  the  Mississippi  is  difficult  to 
follow,  even  within  banks.  But  it  is  really  the  changes  of  plane  that 
rise  in  this  lower  part  of  the  river  that  effectually  bar  the  further  prog- 
ress of  this  investigation,  for  they  so  break  up  the  reLations  of  dis- 
charge to  stage  that  to  go  into  the  data  here  would  necessarily  involve 
another  and  a  totally  different  study. 

This  study  of  floods  in  the  Lower  Mississippi,  therefore,  ends  at 
Yicksburg.  It  covers  the  three  earlier  floods  of  1882, 1883,  and  1884, 
in  contrast  with  the  later  floods  of  1892  and  1893  and  tbe  last  great 
flood  of  1897.  Stages  and  discharges  of  these  are  shown  on  Plate  II 
in  the  same  way  that  they  were  shown  for  the  upper  rivers,  and  at  each 
of  the  characteristic  points  from  Gairo  down,  between  which  the  nature 
of  the  outflows  and  inflows  and  their  relations  to  the  different  basins 
have  been  noted.  Here,  then,  on  the  data  of  Plate  II,  in  the  differences 
of  discharge  from  point  to  point,  the  magnitude  of  these  inflows  and 
outflows  at  any  time  may  be  read  immediately  in  actual  imitB  of  flow, 
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wliile  between  the  earlier  and  later  floods  the  change  in  these  magni- 
tades  as  the  basins  are  shut  ont  with  levees  may  be  at  once  seen. 

While  the  former  method  is  essentially  followed  in  showing  the  data 
on  Plate  II,  it  may  be  noted  that  stage  is  here  given  in  its  actual 
gauge  readings  and  not  from  the  level  of  an  assumed  low  water,  while 
the  discharge  scales  uniformly  begin  at  the  level  of  the  hundred 
thousand  cubic  feet  per  second,  and  marked  discharges  successively 
increasing  by  that  amount.  Further,  in  this  case,  the  idtemate  shad- 
ing of  Plate  I  is  again  alternated  with  a  cross  shading,  to  make  the 
levels  of  the  same  discharge  stand  out  as  distinctly  as  i>ossible  all  the 
way  down. 

Except  between  Helena  and  themouthofWhiteBiver,  where thedrain- 
age  firom  the  Arkansas  basin  may  add  materially  to  the  discharge,  there 
is,  of  course,  little  difference  in  the  natural  discharge  of  the  river  as  we 
go  down.  Some  local  drainage  comes  in  on  the  east  between  Cairo  and 
Memphis,  and  for  a  short  time  after,  heavy  rains  may  make  the  Mem- 
phis discharge  perceptibly  larger,  but  in  general  they  are  practically 
the  same  as  Cairo.  In  a  like  way,  and  to  a  somewhat  greater  extent, 
the  naturid  drainage  of  the  St.  Francis  may  swell  the  discharges  at 
Helena  and  again  the  Yazoo  at  Yicksburg.  But,  bearing  all  this  in 
mind,  in  general  the  identity  of  discharge  all  down  the  river,  from  low 
water  up  to  the  level  of  overflow,  may  be  traced  at  once  on  these  dis- 
charge scales. 

Thus  at  the  beginning  the  low  water  of  1881  shows  about  125  from 
Cairo  to  Memphis,  probably  130  at  Helena,  140  to  145  below  the 
Arkansas,  and  somewhat  larger  at  Yicksburg.  Or  again,  on  the  crest 
following,  a  little  less  than  800  from  Cairo  to  Helena  with  about  850 
from  mouth  of  White  Biver  to  Yicksburg,  followed  by  the  fall  to  just  400 
firom  Cairo  to  Helena,  and  about  500  from  mouth  of  White  Biver  down. 

In  this  last  case  the  100  increase  in  the  scale  of  value  of  discharge 
between  Helena  and  the  mouth  of  White  Biver  may  seem  large,  and 
observed  discharges  might  also  have  given  a  smaller  actual  difference,  for 
8x>ecial  studies  have  shown  that  a  rise  of  plane  ofteu  accompanies  inflow 
from  the  Arkansas  under  these  conditions,  and  such  an  increase  of  stage 
above  the  normal,  of  course,  reads  as  an  increase  of  discharge  on  our 
normal  scales.  But  it  is  jfco  be  noted  that  this  100  difference  shows  not 
only  on  the  scideat  the  mouth  of  White  Biver,  but  also  at  Lake  Providence 
and  Yicksburg,  and  in  that  case  whatever  part  of  it  may  have  been  a 
rise  of  plane  at  the  mouth  of  White  Biver  the  same  part  must  also  have 
been  the  same  rise  of  plane  from  there  to  Yicksburg. 

Indeed,  it  is  altogether  this  double  identity  of  discharge  and  plane 
that  is  traced  down  in  the  scale  values.  Though  the  actual  values  of 
discharge  may  be  larger  on  the  rise  and  smaller  on  the  fall,  so  long  as 
they  differ  from  the  normals  by  the  same  amount  all  the  way  down 
their  normal  vidues  are  the  same.  It  is  only  because  of  this  general 
continuity  of  plane  underl3ring  the  phenomena  of  flow  in  the  Lower 
Mississippi  that  the  identity  of  discharge  can  be  traced  at  all.  in  the 
data  from  point  to  point;  for  as  the  higher  stages  are  reached  it  is  well 
known  that  the  ex^eme  differences  in  observed  discharges  may  be  sev- 
erid  times  as  large  as  the  100  interval  of  our  discharge  scales,  and  the 
fractional  differences  that  may  still  show  from  point  to  point  are  not 
at  aU  representative  of  the  actual  differences  in  tne  planes  of  flow  here. 

It  is  unnecessary  to  go  through  all  this  in  speciid  periods:  the  iden- 
tity shows  up  immediately  all  along  the  plate  at  each  low  water  and  at 
aU  the  extremes  of  rise  or  fall  above  low  water;  and  while  it  does  not 
here  show  so  distinctly  during  the  progress  of  a  rise  or  &11,  still 
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extended  stadies  in  gauge  relationB  have  shown  that  this  identity  may 
be  traced  from  day  to  day  through  the  whole  flood  within  banks,  over 
hundreds  of  miles,  to  the  nearest  tei^th  of  a  foot  in  stage  and  tenth  of  a 
day  in  time;  and  certainly  hydraulic  phenomena  furnish  few  instances 
of  more  exact  relations,  subject,  of  course,  to  the  tributary  increments 
noted,  and  again  on  the  fediing  stage,  after  overflow,  further  subject  to 
the  drainage  of  flooded  areas,  that  may  be  held  as  backwater  until  the 
river  £e^s. 

Passing,  therefore,  at  once  to  the  flood  periods,  the  group  of  floods 
1882, 1883,  and  1884  may  be  taken  as  giving  about  a  condition  of  com- 
plete overflow.  There  the  outflow  into  the  St*  Francis  is  shown  in  the 
extreme  of  1,700  at  Oairo,  cut  down  to  about  1,200  at  Memphis,  and 
again  brought  back  by  inflow  to  about  1,400  at  Helena,  which,  as  noted, 
is  less  than  the  total  extreme  of  inflow  by  the  simultaneous  escape 
into  the  Yazoo.  The  level  of  1,000  on  the  discharge  scales  may  be  gen- 
erally taken  as  about  the  beginning  of  outflow,  and  in  this  reach  it 
seems  to  be  complete  at  about  the  level  of  1,200.  That  is,  M.  that 
comes  down  in  excess  of  this  goes  out  into  the  swampy  thus  crests  of 
1,700  at  Cairo  are  cut  down  to  about  1,200  at  Memphis,  just  as  crests 
of  1,400  are.  But  in  May  and  June,  1882,  crests  of  1,100  at  Oairo  are 
evidently  cut  down  very  little  by  outflow  to  Memphis,  while  in  April 
of  1883  a  crest  of  1,200  is  cut  down  to  1,100;  or  between  the  beginning 
at  1,000  and  the  general  level  of  1,200  the  outflow  is  only  partiid,  and 
probably  becomes  less  and  less  as  the  crest  approaches  Memphis.  The 
fact  that  the  second  crest  of  1884,  above  1,400  at  Oairo,  shows  less  than 
1,200  at  Memphis  may  be  due  either  to  a  change  of  plane  or  to  the  cut- 
ting out  of  some  crevasses  in  the  high  water  preceding  it,  and  thus  a 
real  excess  of  outflow. 

With  these  changes  in  the  flood  crests  the  fllling  up  between  crests 
goes  on ;  even  between  Oairo  and  Memphis  the  flooded  area  on  the  east 
must  be  drained  back  as  the  river  falls,  holding  up  in  this  way  the 
stage  and  discharge  at  Memphis.  Indeed,  in  March,  1882,  some  of  this 
outflow  seems  to  have  been  carried  down  as  a  true  swamp  flood,  coming 
out  on  top  of  the  high  water  in  a  distinct  crest  at  Memphis,  corre- 
sponding with  outflow  of  the  crest  at  Oairo,  and  again  with  its  return 
at  Helena  as  St.  Francis  inflow.  This  overflow,  however,  in  general 
but  serves  to  swell  the  volume  of  fidling  stages  at  MempMs  and 
more  or  less  to  fill  up  between  the  crests,  to  which,  probably,  some 
overflow  on  the  west  that  does  not  get  back  into  the  swamp  also  con- 
tributes. This  action  may  be  traced  through  the  fall  of  AprU,  1882, 
checked  by  the  rise  in  May,  and  fllling  up  again  between  the  following 
crests  of  June  and  July,  while  to  some  extent,  even,  it  shows  through 
the  extreme  fall  of  March.  1883,  and  notably  between  the  first  and 
second  crests  of  the  flood  or  1884,  in  which  case,  with  less  than  900  at 
Oairo,  the  river  does  not  quite  fall  to  the  1,000  level  at  Memphis. 

Tliis  fllling  up  at  Memphis  is,  of  course,  continued  to  Helena,  and 
indeed  is  much  more  prominent  there,  as  it  has  also  at  that  xM>int  the 
whole  lower  part  of  the  St.  Francis  Basin  to  draw  on.  while  upon  tills 
leveled-off  flood  in  the  main  river  the  crests  of  inflow  firom  the  St 
Francis  come  in,  lagging  behind  the  Oairo  crests  which  formed  them 
by  something  like  the  two  weeks  that  it  takes  them  to  pass  down  that 
swamp.  Thus  in  1882  the  double  crest  of  inflow  at  Helena  corresponds 
with  the  two  crests  of  outflow  firom  Oairo,  and  in  the  same  way  the  single 
crest  of  1883,  and  again  the  double  crest  of  1884.  But  in  their  scale 
vidues  these  inflows  do  not  in  general  give  the  same  extremes  of  dis- 
charge that  the  outflows  do. 
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It  is  true  that  the  first  crest  at  Oairo  in  1882,  which  stands  above 
1,400  tor  more  than  ten  days,  comes  back  in  inflow  to  abont  1,400  at 
Helena;  bnt  the  second  crest,  which  reaches  an  extreme  of  some  300 
more  discharge  at  Gairo,  shows  only  a  fraction  above  this  1,400  in  its 
return  flow;  and  while  it  is  very  certain  that  in  this  period  all  obstmo- 
tions  to  outflow  on  the  Upper  Yazoo  front  must  have  been  swept  away, 
it  hardly  seems  that  the  outflow  there  could  account  for  this  large 
difference  of  300  in  the  discharge. 

It  is  quite  i>08sible,  and  inde^  would  seem  probable,  that  this  sharp 
crest  of  1882  might  have  been  flattened  out  in  its  passage  down  the 
swamp,  did  not  the  same  discrepancy  show  in  the  crests  of  1883  and 
1884,  neither  by  any  means  sharp  crests,  and,  in  fact,  that  of  1883,  almost 
of  the  same  duration  as  the  first  crest  of  1882.  There  is  good  ground 
lor  belief,  therefore,  that  through  these  crests  of  inflow  the  discharges 
at  Helena  are  decidedly  larger  than  their  scale  values,  and  the  observed 
discharges  there  bear  oat  this  conclusion.  Indeed,  such  observations  all 
along  the  river  show  generally  that  between  the  draw  of  large  crevasses 
below  on  the  one  hand  and  the  lake-like  character  of  points  in  the 
complete  overflow  on  the  other  there  may  be  wide  divergencies  from 
any  uniform  variation  of  discharge  to  gauge.  That  continuity  of  plane 
which  at  the  lower  stages  made  the  scale  values  of  discharge  at  least 
true  in  their  differences  is  thus  more  or  less  broken  up  in  this  period 
of  overflow,  and  from  Helena  down  these  scale  values  must  not  be 
taken  as  a  measure  of  the  possible  extremes,  but  only  as  rough  averages 
for  the  whole  i>eriod. 

In  the  reach  below  Helena  this  is  so  prominent  that  for  high  water  at 
Lake  Providence  the  decreasing  intervals  of  stage  on  the  regular  dis- 
chargescales  are  in  that  caseactually  reversed.  While  the  regular  scales 
at  mouth  of  White  River  and  Yicksburg  probably  undervalue  their 
crests  of  inflow,  as  they  do  at  Helena,  any  such  continuation  of  a  regular 
scale  at  Lake  Providence  would  so  greatly  overvalue  the  whole  mass  of 
observed  high-water  discharges  there  that  an  actual  break  has  to  be 
introduced  about  at  the  bank-full  stage  to  represent  anything  like  what 
is  known  to  be  an  average  discharge.  This  scale  here  at  times  clearly 
undervalues  the  discharge;  thus  on  the  front  of  the  1882  flood,  while 
the  900  level  is  reached  about  December  31  at  mouth  of  White  Biver, 
January  2  at  Lake  Providence,  and  January  3  at  Yicksburg,  the  1,000 
level  is  given  about  January  8  at  mouth  of  White  Biver,  January  18  at 
Lake  Providence,  and  January  11  at  Yicksburg;  and  9ertainly  the  1,000 
discharge  must  have  then  reached  Lake  Providence  about  January  10, 
or  at  least  a  foot  lower  than  the  scale  leveL  But  again,  from  about  the 
middle  of  May  to  the  middle  of  July  in  this  flood  a  mass  of  observations 
shows  the  discharge  as  barely  1,000,  and  this  lower  scale  would  have 
greatly  overvalued  it,  while  from  the  same  series  of  observations  there 
is  little  doubt  that  on  the  crest  about  March  20  the  Lake  Providence 
discharge  was  rather  below  1,000  than  above  it.  This  last,  however,  is 
one  of  the  rare  periods  where  the  river  actually  rises  at  Lake  Providence 
from  the  back-water  action  of  an  inflow  at  Yicksburg. 

With  these  limitations  the  general  action  of  outflow  and  inflow  may 
be  traced  through  the  discharge  values  from  Helena  down,  though,  as 
noted,  with  the  outflow  into  the  middle  Yazoo  on  the  one  hand,  and  on 
tiiie  other  the  filling  and  emptying  of  the  White  Biver  Basin,  with  the 
addition  of  all  floods  from  the  Wliite  and  Arkansas,  but  little  can  be 
made  of  the  elements  causing  the  changes  shown  between  Helena  and 
mouth  of  White  Biver.  The  continued  filling  up  between  crests,  back- 
water draiuage  on  the  falling  stage,  and  a  general  reduction  of  the 
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flood  extremes  from  the  level  of  1,400  at  Helena  to  a  little  over  1,300 
at  mouth  of  White  Biver  may  be  noted.  However,  it  is  here,  in  the  feet 
that  the  floods  from  the  Arkansas  and  White  rivers,  large  as  they  are, 
seem  almost  to  be  lost  on  the  top  of  these  floods  at  month  of  White  Bivet 
in  comparison  with  the  ^ects  of  inflow  at  Helena  and  Vicksborg,  that 
the  immense  volumes  of  these  inflows  from  the  St.  Francis  and  Yazoo 
are  best  realized. 

But  following  the  discharge  scales,  the  extreme  of  1,300  at  mouth 
of  White  Biver  is  again  reduced  to  less  than  1,100  at  Lake  Providence 
and  brought  back  in  1882  and  1884  by  the  Tazoo  inflow  to  1,400  at 
Yicksburg.  True,  in  1883,  at  Yicksburg,  no  such  level  is  reached,  but 
it  is  perfectly  evident  there  from  Oairo  down  that  the  double  retarda- 
tion of  the  swamp  flood  in  the  St.  Francis  and  Tazoo  basins  is  going  to 
bring  it  out  at  Yicksburg,  just  about  on  the  extreme  fall  between  the  first 
and  second  crests  of  that  year,  as  the  single  retardation  of  the  St.  Francis 
pushes  it  somewhat  off  the  crest  at  Helena.  This,  however,  is  not  a 
common  case,  and  in  the  main  these  inflow  floods  come  in  on  the  same 
general  high-water  levels  from  which  they  were  taken  off  as  outflow. 

What  their  extremes  of  discharge  may  have  been  is  practically  inde- 
terminate. There  is  no  more  reason  to  believe  that  the  300  difference 
between  Lake  Providence  and  Yicksburg  is  a  large  enough  measure  of 
the  Yazoo  inflow,  even  after  all  allowance  is  made  for  simultaneous  on^ 
flow  into  the  Tensas,  than  there  was  to  believe  that  the  difference  between 
Memphis  and  Helena  was  a  large  enough  measure  for  the  St.  Francis 
inflow.  Indeed,  with  the  exception  of  the  500  value  given  for  the  out- 
flow between  Oairo  and  Memphis,  there  is  nothing  that  can  be  called 
even  an  approximate  measure  of  the  possible  extremes  of  these  swamp 
discharges:  it  is  only  evident  that  they  are  great  floods  gathering  in 
the  upper  St.  Francis  until  they  reach  a  volume  approaching  to  some- 
thing like  half  of  that  which  is  left  in  the  main  river,  and  poured  oat 
again  in  the  reach  just  above  Helena  in  general  before  any  fall  sets  in. 
And  again  the  same  thing  is  rei>eated,  possibly  even  on  a  larger  scale, 
in  the  Yazoo  Basin. 

It  is  evident  in  all  this  period  from  1882  to  1884  that  the  levees  of  the 
Lower  Mississippi  offered  no  obstruction  to  an  almost  free  overflow. 
Such  as  they  were,  they  gave  way  so  readily  before  floods  of  this  mag- 
nitude that  the  swamp  basins  may  be  considered  as  having  practically 
open  fronts.  But  turning  now  to  the  floods  of  1892  and  1893,  it  is 
equally  evident  tl^at  this  is  no  longer  the  case.  During  this  period  of 
some  eight  years  the  levees  had  ]^n  built  up  and  extended  until,  so 
far  as  they  went,  they  then  formed  an  almost  complete  barrier  to  outflow. 

This  system  at  that  time  consisted  of  the  line  of  levees  from  the  blu£b 
below  Memphis  to  a  little  above  Yicksburg,  shutting  out  the  whole  of 
the  Yazoo  basin;  the  Line  between  the  Arkansas  and  Bed  rivers,  8ha^ 
ting  out  the  whole  of  the  Tensas;  a  part  of  the  line  between  Helena 
and  White  Biver,  not  as  yet  greatly  affecting  the  White  Biver  Basin, 
and  a  small  piece  about  the  middle  of  the  St.  Francis,  having  practically 
no  effect  on  the  outflow  there.  The  rest  of  the  upper  levee  lines  shown 
on  the  map  have  been  built  since  the  flood  of  1893,  while  tiie  history  of 
levee  construction  below  Bed  Biv^er  does  not  concern  this  study.  This 
system  had  been  more  or  less  complete  for  four  or  flve  years  prior  to 
these  floods.  It  had  met  a  severe  flood  in  1890  that  had  broken  through 
it  in  a  number  of  crevasses,  been  repaired,  and  about  fully  resisted  ^e 
rather  lower  flood  of  1891,  and  held  as  fiar  as  it  went  these  floods  of 
1892  and  1893  with  but  few  breaks,  considering  the  strains  that  were 
put  upon  it. 
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Haying  coDsidered  the  data  generally  in  the  discassion  of  the  earlier 
loods^  it  will  be  only  necessary  to  note  the  differenoes  dae  to  levee 
restraint  in  following  these  later  floods  from  Cairo  down.  For  the  oat- 
low  into  the  St.  Francis  there  is,  of  coarse,  nodifference  at  all,  except  the 
7ery  material  redaction  of  its  volame  that  mast  follow  the  lower  crests 
%t  Cairo  in  these  later  floods.  Perhaps  the  small  inflow  wave  at  Mem- 
phis in  1893  is  somewhat  increased  by  the  short  piece  of  levee  constrac- 
tion  above,  bat  all  together  the  Cairo  crests  are  cat  down  at  Memphis 
in  essentially  the  same  way  that  they  were  before. 

Between  Memphis  and  Helena,  however,  the  simaltaneoas  oatflow 
Into  the  Yazoo  is  now  shat  off,  and  in  1893  the  river  comes  back  on  the 
3rest  of  inflow  at  Helena  close  to  the  discharge  level  of  the  Cairo  crest, 
while  in  1892  the  greater  difierence  is  clearly  dae  to  the  retarded  inflow 
3oming  in  between  the  crests  of  that  year,  as  it  did  at  Yicksbarg  in 
L883. 

From  Helena  to  Month  White  Biver  the  farther  oatflow  into  the 
fazoo  is  also  shat  off,  and  the  flood  below  more  closely  corresponds 
i^ith  that  at  Helena,  thoagh  swelled  in  its  total  volame  by  the  contribn- 
bions  of  the  Arkansas  and  White  rivers  and  modified  somewhat  by  the 
White  Biver  Basin.  Bat  it  is  in  the  reach  below  month  of  White  Biver, 
B^here  the  levee  system  now  extends  sJong  both  banks  and  shnts  off 
bhe  doable  oatflow  into  the  Yazoo  on  the  one  hand  and  the  Tensas  on 
bhe  other,  that  the  greatest  contrast  with  the  earlier  conditions  is  nat- 
urally to  be  foand.  Here  the  Lake  Providence  extreme  is  increased  by 
something  like  300,  and,  indeed,  from  month  of  White  Biver  doVn  the 
srhole  flo^  begins  to  show  something  of  that  general  identity  that  is  the 
common  featnre  below  the  bank-full  stage,  thoagh  in  1892  there  is  still 
$ome  loss  throngh  crevasses,  lowering  the  Lake  Providence  and  raising 
bhe  Vicksbnrg  extremes;  and  again  in  1893  the  large  breaks  into  the 
Fensas,  abont  the  end  of  May,  let  down  the  latter  part  of  this  flood 
»t  both  points. 

Here  also^  at  Lake  Providence,  a  marked  high-water  increase  of 
lischarge  with  stage  is  to  be  noted.  Thoagh  averaging  observed  dis- 
charges throngh  this  i>eriod,  it  is  still  necessary  to  introdnce  something 
>f  the  earlier  high- water  break  in  the  form  of  the  discharge  scale;  stiU 
t  is  less  of  a  break,  at  a  higher  stage,  and  all  throngh  the  high  water 
}he  discharge  average  is  decidedly  larger.  It  is  very  evidently  what 
nay  be  termed  an  increase  in  the  high- water  channel  capacity,  and 
ndicates  the  partial  removal  of  the  natnrally  redaced  capacity  that 
accompanied  the  large  and  nniform  loss  from  oatflow  in  the  earlier 
conditions  of  this  reach. 

While  this  lower  reach  is  so  far  the  only  marked  instance  of  snch  an 
ncrease,  it  shonld  be  noted  that  snch  channel  changes  are  very  hard 
x>  determine  in  the  high-water  data.  Thas  at  Helena,  whatever  may 
lave  been  the  increas^  high- water  capacity  there  throngh  the  floods 
>f  1892  and  1893,  it  certai^y  hardly  served  to  balance  the  draw  of  a 
ree  oatflow  below  throngh  the  crests  of  the  earlier  floods.  More  mast 
.herefore  be  known  in  general  of  both  of  these  before  any  definite 
inclusions  can  be  drawn  from  the  difference  between  them,  which  is 
Jl  that  such  contrasts  give  us. 

But  whatever  doubt  may  still  remain  in  regard  to  high- water  changes, 
here  is  certainly  now  room  for  very  little  in  regard  to  the  changes  that 
Lave  taken  place  in  the  low- water  levels ;  for  in  general  along  this  whole 
ine,  where  outflow  has  been  restrained,  the  low- water  planes  have  been 
owered  something  like  2  to  6  feet    As  it  has  been  noted  (hi  the 
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Misflonri  Biver  that  following  a  series  of  years  in  which  the  floods  have 
been  below  the  average,  the  general  level  of  the  low-water  plane  is  nuised 
in  some  corre8i>onding  degree,  or  that  the  extreme  high  water  is  required 
to  clear  oat  the  low-water  bed,  so  here  the  greater  extremes  of  the 
restrained  floods  but  show  a  like  effect. 

And  in  fact  all  this  might  have  been  inferred,  for  every  cutting  bank 
or  bar  is  continually  caving  into  the  river,  throwing  in  this  way  material 
upon  the  bed  that  is  not  carried  away,  for  there  is  no  evidence  of  an 
increasing  movement  of  material  downstream;  and,  indeed,  accumu- 
lating as  it  would,  could  not  be  so  taken  up  in  the  flow  without  soon 
coming  to  overload  it.  This  material  is,  therefore,  in  some  way  simply 
spread  over  the  bottom,  and  at  all  times  this  must  be  below  the  existing 
water  level.  It  is  only  then  in  its  extreme  stages  that  a  flood  can  move 
it  up  on  the  slopes  of  points  and  bars,  and  throw  any  of  it  altogether 
out  at  the  bank  level. 

While  a  river  in  all  its  upper  part  may  be  cutting  down  its  bed  in 
the  slow  process  of  geological  periods,  undoubtedly  in  the  lower  i^la- 
vial  part  it  is  building  it  up  in  the  same  process,  and  with  its  alluvial 
part  relatively  short,  this  action  may  even  be  perceptible  in  the  course 
of  centuries.  But  in  a  system  where  the  alluvial  reaches  extend  up 
from  1,000  to  2,000  miles  it  seems  hardly  worth  considering,  and  cer- 
tainly not  to  the  exclusion  of  the  equally  palpable  fact  that  the  alluvial 
river  is  also  keeping  its  bed  down,  or  otherwise  its  channel  would  fill 
up  by  t]ie  fall  of  material  into  it,  just  as  a  hole  in  the  ground ;  and  this 
also  in  periods  that  in  comparison  to  the  other  action  are  relatively 
immediate.  For  instance,  in  the  reach  from  mouth  of  White  Biver  to 
Yicksburg  this  caving-in  averages  a  fill  of  more  than  a  foot  annually 
over  the  whole  200  miles  of  river  nearly  a  mile  wide;  and  at  this  rate, 
were  it  not  balanced  annually  by  the  clearing  out  of  floods,  a  single  life 
would  be  long  enough  to  see  there  the  channel  almost  oblit^ated, 
though  as  a  fact  the  rate  would  certainly  greatly  decrease  in  the  process. 
]  ;  ^  It  is  not  surprising,  therefore,  toflnd  this  movement  of  the  low-water 

plane  along  the  whole  line  of  levee  restraint  from  Memphis  down  to 
where,  some  hundred  miles  below  Yicksburg,  the  general  plane  of  the 
bed  sinks  below  the  outlet  level  of  the  Gulf  and  the  phenomena  of  an 
alluvial  river  begin  to  be  ifnerged  into  the  phenomena  of  an  estuary. 

It  is  not  to  be  expected  that  such  a  general  letting  down  of  the  low-water 
regimen  over  some  500  miles  of  river  would  be  altogether  regular  at 
the  ten  or  twelve  points  where  it  may  be  noted  in  the  difference  between 
the  early  and  later  gauge  records.  But  in  the  period  between  1884  and 
1892  of  this  study  it  has  come  to  show  itself  on  all  'the  gauges  in  this 
reach  with  the  single  exception  of  the  mouth  of  White  Biver.  This 
exception  is  probably  due  not  so  much  to  the  fact  that  it  has  there  tiie 
open  White  Biver  Basin  on  one  side,  for  it  has  gone  down  above  under 
similar  conditions,  but  because  at  a  junction  like  that  of  the  Arkansas^ 
before  a  change  in  the  low- water  regimen  of  the  Mississippi  can  be  main- 
tained, it  must  work  out  some  change  in  the  regimen  of  both  rivers. 

Thus  from  1892  on,  Helena,  Lake  Providence,  and  Vicksburg  show 
instances  of  this  low- water  change;  while  the  mouth  of  White  Biver 
shows  the  single  gauge,  in  the  range  of  these  restrained  floods,  on  whicb 
no  such  change  has  yet  been  noted.  The  lowered  planes  of  the  later  dis- 
charge scales  give  the  magnitude  and  the  character  of  this  change  at 
these  points;  and  it  is  evident  at  a  glance  that  without  this  lowering  in 
the  discharge  levels  the  general  identity  of  discharge  down  could  no 
longer  be  traced. 
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Thas  Helena  can  not  have  a  less  discbarge  than  is  shown  from  Oaiio 
to  Memphis,  and  to  meet  this  requirement  within  banks  all  the  old 
discharge  levels  there  most  be  lowered.  Indeed,  at  Helena  it  has  evi- 
dently not  been  lowered  enough  for  the  extreme  low  waters  of  1891  and 
1892,  as  in  1892  the  discharge  shows  100  at  Cairo,  120  at  Memphis,  and 
100  at  Helena.  This  is  probably  too  large  at  Memphis  and  distinctly 
too  small  at  Helena,  but  it  lies  in  the  range  of  these  local  differences 
in  low- water  stage  tnat  follow  the  building  up  or  moving  down  of  bars 
and  that  are  not  included  in  these  average  planes. 

While  these  low- water  changes  have  now  been  under  observation  for 
about  ten  years,  it  can  only  be  said  of  them  that  they  follow,  in  some 
way,  upon  the  showings  of  onflow  restraint,  though  apparently  alto- 
gether irregular  in  the  location  and  the  magnitude  in  which  they  may 
at  any  time  show  themselves.  Thus,  through  the  floods  of  1892  and  1 893 
there  is  evidently  no  further  lowering  at  either  Helena  or  Yicksburg, 
while  at  Lake  Providence  and  the  reach  above  the  effect  of  these  floods 
is  marked;  and,  in  consequence,  the  average  plane  taken  for  Lake 
Providence  is  somewhat  too  low  for  the  first  part  and  too  high  for  the 
last  part  of  this  period.  It  is  only  in  the  cumulative  effect,  through  a 
number  of  floods  and  at  a  number  of  points,  that  this  whole  change 
makes  itself  prominent. 

And  here  the  period  between  the  flood  of  1893  and  the  flood  of  1897 
is  significant.  Through  it  the  levees  were  extended  to  cover  the  lines 
now  shown  upon  the  map,  but  as  all  the  floods  of  this  period  were 
within  banks,  it  is  marked  with  no  restraint  of  outflow  and  no  material 
change  in  these  low-water  planes.  Thus  the  planes  of  1893  give  the 
fall  low  water  of  1896  between  140  and  160  from  Cairo  to  Helena,  and 
between  170  and  190  from  mouth  of  White  Eiver  to  Yicksburg;  the 
December  crest  almost  exactly  500  all  the  way  down,  followed  by  a  fall 
to  a  little  over  200  from  Cairo  to  Helena,  and  almost  exactly  300  from 
mouth  of  White  Biver  to  Yicksburg,  and  finally,  in  the  latter  part  of 
February,  just  before  the  great  rise  of  1897,  a  crest  of  about  800  at  Cairo 
and  Helena,  and  a  little  over  800  at  Lake  Providence  and  Yicksburg. 

True,  on  this  crest  Memphis  shows  somewhat  too  small  a  value  of 
discharge,  and  the  mouth  of  White  Biver  too  large;  but  like  differences 
must  be  looked  for  on  any  average  scale,  covering  such  an  extended 
period  as  these  do,  from  1881  to  1897.  Though  the  regimen  of  the  Lower 
Mississippi  on  the  whole  is  remarkably  stable,  it  is  not  a  fact  that  the 
lower  planes  considered  are  the  only  changes  that  may  occur  there,  nor 
is  it  so  inferred  that  they  are  the  effects  of  restrained  floods;  but  it  is 
because  they  follow  such  restraint,  always  in  the  same  direction,  show- 
ing at  a  number  of  points,  and  only  follow  such  restraint,  that  as  data 
they  come  to  bear  out  the  inference  that  would  lead  us  to  expect  them. 

The  scales  of  1893  are,  therefore,  simply  carried  through  the  flood  of 
1897,  and  within  the  limits  noted  may  be  fairly  taken  as  giving  the 
discharges  of  this  flood  and  their  changes.  Memphis  here  shows  the 
first  restraint  of  outflow  into  the  St.  Francis.  At  that  point  the  river 
evidently  rises  to  about  the  middle  of  March  with  outflow  greatly 
reduced  by  the  upper  levee  line;  but  there  these  levees  break,  and  the 
maximum  of  1,400  at  Memphis  is  drawn  down,  with  the  growing  excess 
from  Cairo,  through  the  enlarging  crevasses.  The  return  of  this  at 
Helena  brings  its  extreme  again  back  to  the  1,700  level;  and  even 
indicates  that  it  might  have  risen  higher,  probably  from  engorgement, 
had  not  the  levees  there  generally  given  way  about  April  ^  and  from 
that  date  on  the  flood  excess  is  greatly  reduced* 
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Of  this  redaction  the  Yazoo  outflow  comes  back  in  the  inflow  crest  at 
Yicksborg  aboat  April  16,  while  the  eflect  of  its  withdrawal  shows  on 
the  form  of  the  flood  at  both  the  month  of  White  Biver  and  Lake  Provi* 
dence.  But  in  this  lower  reach  the  levees  have  evidently  been  broken 
at  a  somewhat  earlier  date,  and  the  crest  at  the  end  of  March  gives  about 
the  limits  of  complete  restraint.  From  there  on  the  filling  and  emptying 
of  the  White  Eiver  Basin,  the  flood  water  from  the  Arkansas  and  White 
rivers,  the  crevasse  discharge  into  the  Tazoo,  to  be  retnmed  at  Yicks- 
burg,  with  a  similar  loss  into  the  Tipper  Tensas,  all  go  to  make  up  the 
stages  and  discharges  shown  in  these  flood  forms. 

It  is  needless  here  to  attempt  to  value  these  elements,  while  their 
combined  effect  at  any  time  shows  for  itself.  It  is  enough,  therefore,  to 
note  that  the  level  of  complete  restraint  gives  something  over  1,500 
at  Mouth  White  Eiver  and  something  under  1,500  at  Lake  Providence 
and  Yicksburg,  a  difference  of  plane  similar  to  that  noted  within  banks 
on  the  February  crest.  And  again,  that  the  upstream  effect  at  Lake 
Providence  from  inflow  at  Yicksburg  shows  in  the  corresponding  crests, 
as  it  did  in  the  1882  and  1884  flocks.  And  finidly.  though  certainly 
a  good  deal  of  water  gets  out  of  the  river,  as  is  pernaiM  best  seen  in 
the  Tazoo  inflow,  holding  as  it  does  a  crest  at  Yicksburg  above  1,600 
for  about  twenty  days,  stUl,  after  all,  it  is  only  necessary  to  glance  back 
from  the  forms  of  this  flood  to  those  of  the  earlier  floods  to  realize  how 
almost  complete  was  its  restraint  in  its  passage  down  the  river. 

That  such  a  flood  will  be  followed  by  farther  changes  in  the  low- 
water  levels  and  probably  in  the  high-water  channel  capacities  is  cer- 
tainly to  be  exx>ected.  And  though  so  far  the  low-water  levels  at 
the  points  considered  show  little,  if  any,  additional  lowering,  still,  in 
general,  the  whole  effect  on  the  river  of  a  single  flood  is  a  subject  of  an 
extenged  detailed  study;  and  where  and  to  what  extents  the  effects  of 
this  flood  may  come  to  show  themselves  must  be  left  for  further  inves- 
tigation and  future  data  to  determine. 

But  be  that  as  it  may,  the  changes  on  the  Lower  Mississippi  between 
the  restrained  and  unrestrained  floods  have  now  gone  far  enough  to 
show  with  little  doubt  that  if  a  reservoir  system  could  be  made  to  con- 
siderably reduce  the  flood  volumes  and  stages  of  an  alluvial  river,  it 
would  not  thus  simply  lower  the  flood  line,  nor  would  the  flood  line 
alone  show  all  of  its  effects,  for  in  the  flnal  regimen  large  changes  must 
be  looked  for  also  in  the  low- water  levels.  By  as  much  as  the  high- 
water  channel  capacity  is  reduced  the  flood  line  will  rise  from  its  imme- 
diate lowering  back  toward  its  original  level,  but  at  the  same  time  the 
low- water  level  will  probably  be  rising,  in  a  much  more  marked  degree, 
toward  its  final  limits.  But  what  either  of  these  limits  might  be  in 
any  case  and  to  what  extent  the  range  from  high  to  low  water  may  be 
ultimately  reduced  by  any  given  reduction  of  flood  excess  are  of  course 
as  yet  unanswered  questions. 

So  much  for  the  changes  in  regimen,  but  before  leaving  the  Lower 
Mississippi  data  its  remarkable  system  of  swamp  reservoirs  has  yet  to 
be  considered.  It  is  evident,  with  any  of  these  swamp  fronts  open  to 
outflow,  that  the  total  outflow  in  different  floods  might  be  very  differ- 
ent, and  this  also  even  where  the  floods  reached  the  same  extremes, 
for  while  the  rate  of  outflow  at  any  point  may  be  a  matter  of  stage 
alone,  the  total  outflow  there  is  a  matter  also  of  the  duration  of  tiist 
stage.  It  is  thus  only  in  the  sequence  of  stage  and  discharge  from 
point  to  point,  shown  on  PI.  II,  that  the  difference  between  6*00  an^ 
restrained  outflow  can  be  noted ;  and  whUe  certainly  tiie  restraint  lai- 
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sens  the  total  oatflow,  its  degree  does  not  show  in  such  comparisons 
nnless  the  floods  compared  happened  to  be  of  essentially  the  same  form, 
which  is  hardly  possible. 

Bat  though  the  different  degrees  of  flood  restraint  cannot  be  accn- 
rately  expressed  in  any  system  of  summations  whatever^  a  high  degree 
of  restraint  would,  of  course  be  very  apparent,  while  the  total  volumes 
of  free  outflow  and  inflow,  show  something  of  the  great  reservoir 
capacity  of  these  swamp  basins  and  give  the  storage  equivalents  of 
their  effect  on  the  floods.  It  is  thus  altogether  desirable  to  have  these 
summations,  and  from  the  data  on  PI.  II  they  are  very  easily  made 
up.  The  only  difficulty  is  that  their  values  are  at  best  necessarily  but 
very  rough  approximations.  Were  there  no  local  drainage,  the  differ- 
ence between  the  annual  discharge  at  Cairo  and  Memphis  would,  of 
course,  give  the  total  outflow;  but  in  such  a  value  the  local  drainage 
through  the  year  is  not  insigniflcant  and  can  not  be  ignored,  and  even 
if  it  could,  small  percentages  of  error  in  the  large  values  of  the  annual 
discharges  might  make  very  material  errors  in  tiieir  differences,  from 
which  this  outflow  is  obtained. 

To  avoid  in  a  great  measure  both  of  these  sources  of  error,  the  floods 
have  also  been  summed  from  the  1,000  level  up,  or  all  above  the  general 
baukful  stage;  and  in  these  shorter  periods  and  smaller  quantities  it  is 
thought  that  the  differences  giVe  more  nearly  correct  values  of  the  out- 
flow and  inflow  totals.  It  is  true  that  this  fails  in  those  cases  where 
the  inflow  falls  between  crests,  while  in  all  cases  the  summations  do 
not  include  the  considerable  inflow  that  drains  back  after  the  river  has 
fallen  within  banks.  This,  however,  is  to  some  extent  offset  by  the 
local  drainage  through  the  flood  period,  but  probably  to  a  greater 
extent  even  by  a  characteristic  of  the  planes  of  flow  here.  Through 
all  the  flUing  up  between  creste  and  backwater  drainage  these  planes 
are  in  general  abnormally  high;  and  while  the  average  planes  may 
possibly  undervalue  the  total  outflow,  as  also  the  extremes  of  inflow  on 
the  creste  of  the  swamp  wave,  they  also  may,  and  probably  do,  at  the 
same  time  overvalue  the  total  inflow,  in  the  fact  that  the  stage  is  thus 
swelled  by  this  back  drainage  more  than  is  warranted  by  it-s  actual 
additions  to  the  discharge. 

But  while  neither  of  these  methods  is  very  satisfactory,  the  summa- 
tions of  annual  volumes  and  the  volumes  above  the  bank  level,  or  flood 
excesses,  are  in  themselves  worth  knowing,  and  their  differences  in  the 
last  case  are  probably  as  close  an  approximation  as  can  be  made  to 
the  totals  of  outflow  and  inflow.  They  are  therefore  given  in  the  fol- 
lowing teble  for  all  the  floods  from  Oairo  to  Yicksburg,  with  the  differ- 
ences between  the  flood  excesses  from  point  to  i>oint  down,  in  which,  of 
course,  the  minus  difference  indicates  an  outflow  and  the  plus  an  inflow 
between  the  respective  gauges. 

In  these  summations  it  is  convenient  to  take  for  the  unit  of  volume  a 
discharge  of  100,000  cubic  feet  per  second  for  one  day,  or  a  square  mile 
covered  to  the  depth  of  310  feet.    With  this  unit,  in  making  up  the 
total  volumes  from  the  date  on  Plate  II,  it  is  only  necessary  to  scale 
the  average  width  in  days  of  each  of  the  discharge-scale  divisions  and 
sum  these  from  zero  up  for  the  total  annual  discharge  and  from  1,000 
up  for  the  flood  excesses.    This  last  has  for  each  floc^  the  definite  lim- 
its of  stage,  but  the  total  annual  discharge  is  arbitrarily  token  from 
the  low- water  period  of  one  year  to  the  low  water  following,  or  from 
October  1  to  October  1,  except  in  the  case  of  a  leap  year,  where  it  is 
Btill  taken  through  only  365  days  from  October  1  to  September  30. 
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Total  •fmtuil  din^uurgf—Flood  exee»$e$  above  ike  general  hank-full  etoffe—Difermua 
giving  approximate  totaU,  winue  of  outflow,  plue  of  injiow. 


1881-88. 


1882-88. 


Cairo 

Memphis 

Hetona 

Month  White  Rirer 
Lake  ProTidenoe. . . . 
yioksbnrg , 


Total 

annual 

dia- 

charsa. 


8,088 

a,8i5 

8,007 
8,197 
2,M4 
8,234 


Flood  exoeaa. 


TotaL 


818 
177 
274 
819 
60 
832 


Differ- 
ences. 


—141 
■+■97 
'+'46 
'—259 
'+272 


Total 
annual 

dis- 
cbsrge. 


2,049 
2.008 
2,156 
2,464 
2.821 
2,468 


Flood 


TotaL 


168 
81 

12s 

183 
20 

188 


jyiOet- 


1888-84. 


—  87 


+  44 


+  68 


—168 


+U8 


Total 
annaal 

dis- 
charge. 


Flood 


2,227 
2,106 
2.283 
2,508 
2,417 
2,808 


Total. 


90 
198 


Diflcr. 


-135 


+1« 


-Ml 

4-2n 


Cairo 

Memphis 

Helena 

Month  White  River 

Lake  PxoTidence 

YiclEsbnrg , 


1891-92. 


Total 
annaal 

dis- 
charge. 


2,054 
2,098 
2,226 
2,447 
2.477 
2.660 


Flood  excess. 


Total. 


170 
130 
188 
270 
253 
846 


Differ- 
ences. 


-40 


+58 
+82 


—17 
"+93' 


1892-98. 


Total 
annual 

dis- 
charge. 


1,707 
1,810 
1,928 
2.198 
2.140 
2,249 


Flood  exoeaa. 


Total. 


160 
111 
168 
218 
160 
228 


Differ- 
ences. 


-48 


+47 

•    •   •    •    M    ' 

+60 


+68 


188»<97. 


Total 
annual 

dis- 
charge. 


2.062 
1,945 
2,006 
2,256 
2.228 
1.875 


Hood  ex 


TotaL 


874 
188 

272 


874 


DUbr- 


+  B 


+  » 

■-'is 

"+i5 


With  the  above  values  of  outflow  aud  inflow  all  kinds  of  eomparisonB 
can  be  made.  For  instance,  in  1882  from  Cairo  to  Helena,  the  141  out- 
flow is  a  discharge  of  100.000  cubic  feet  x>er  second  for  141  days;  or 
between  the  beginning  of  outflow  and  its  500  extreme  it  may  be  taken 
as  an  average,  say,  of  300,  or  rather  more  than  the  average  Missoori 
Eiver  flood  for  47  days;  while  between  the  outflow  of  141  and  the 
inflow  of  97  there  is  the  loss  into  the  upper  Yazoo  of  44,  or  this  same 
Missouri  flood  for  about  15  days.  Again,  the  141  is  the  storage  eqaiya- 
lent  which  in  that  year  cut  down  the  flood  from  its  extreme  of  1,700  at 
Cairo  to  about  1,200  at  Memphis,  and  in  square  miles  10  feet  deep  is 

141x310 

— jg — = 4,371  J  or  about  two-thirds  of  the  6,706  square  miles  of  ovar- 

flowed  area  in  the  St.  Francis  Basin. 

It  is  here  in  the  relation  of  the  total  outflows  to  the  areas  of  these 
swamp  basins  that  their  immense  reservoir  capacity  is  best  seen;  not 
only  they  can  and  do  reduce  the  floods,  but  the  St.  Francis  Basin  in 
cutting  down  the  great  flood  of  1882  between  Cairo  and  Memphis  onlj 
takes  off  what  would  cover  its  total  area  to  an  average  depth  of  aboot 
7  feet.  The  reservoir  question  for  the  Lower  IMQssissippi  is  nofc, 
therefore,  the  insignificant  and  uncertain  effects  of  head-water  reser- 
voirs, but  wholly  the  question  of  how  and  to  what  extent  the  reservoir 
capacity  of  these  swamps  may  be  utilized. 

Certainly  they  are  of  little  value  as  they  are,  for  while  they  reduce  tbe 
flood  stage  to  some  extent,  they  also  prolong  it;  but  aU  this  does  not ris^ 
from  their  lack  of  capacity  to  take  off  enough  water,  but  from  tiieir  is^" 
bOity  to  hold  it  until  after  the  flood  period  has  passed.  For  instance,  is 
the  St.  Francis  Basin,  with  something  like  120  feet  fall  for  its  lat^ 
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drainage  from  Oairo  to  Helena,  the  outflow  along  its  front  gathers  into 
a  second  flood  and  comes  back  at  Helena,  retarded  it  is  true,  but  rarely 
retarded  enough  even  to  &11  between  crests,  while  in  most  cases  it 
coQies  back  upon  the  same  general  level  from  which  it  was  drawn  offl 
If,  however^  its  natural  drainage  were  barred  by  a  system  of  cross 
levees,  making  of  it  a  series  of  shallow  reservoirs  with  their  outflows 
under  control,  not  only  could  the  whole  effect  of  the  natural  cutting 
down  of  the  1882  flood  have  been  retained,  but  by  artificially  enlarging 
the  outflow  a  very  decidedly  greater  reduction  could  have  been  made. 
Just  what  capacity  could  be  given  to  such  a  chain  of  reservoirs,  or 
what  the  locations  and  dimensions  of  the  cross  levees  forming  them,  is 
of  course  entirely  beyond  the  scope  of  this  study;  but  it  does  not  seem 
improbable  that  the  total  fall  of  120  feet  might  be  so  divided  as  to  store 
an  average  depth  of  20  feet;  and  this,  over  an  area  of  4,000  square 

miles,  is  — qta —  =  258,  in  the  place  of  141,  the  actual  outflow  of  1882. 

That  is,  less  than  two- thirds  of  the  St.  Francis  Basin  so  used  would 
have  cut  the  1882  flood  down  to  between  1,000  and  1,100  and  would 
have  taken  off  the  total  excess  at  Cairo  of  every  other  flood  to  1897 : 
where  again  the  274  summation  is  slightly  in  excess  of  its  capacity  and 
the  reduction  of  258  is  a  little  above  the  1,000  level,  or  almost  exactly 
to  the  40-foot  stage  at  Cairo.  While  again  the  emptying  of  this  258 
upon  the  low- water  period  would  entirely  obliterate  it,  and  from  there 
down  the  15-foot  stage  would  probably  be  as  rare  as  the  zero  stage  is 
at  present. 

True,  such  a  system  would  in  time  certainly  fill  up:  for  with  fiood 
water  averaging  a  sediment  of  1  in  1,000,  the  deposit  from  a  thousand 
annual  fillings  with  water  would  equal  the  average  volume  withdrawn 
from  the  flo(^s.  But  as  in  the  course  of  centuries  the  upper  divisions 
of  such  a  system  emerged  above  the  reservoir  level,  its  capacity  might 
still  be  maintained  by  extending  the  system  into  the  lower  swamps. 
All  this,  however,  is  no  question  of  the  present,  nor  indeed  does  it 
promise  to  be  one  of  the  future;  for  if  the  dream  of  internal  naviga- 
tion is  to  be  realized  and  Cairo  is  to  be  made  a  Gulf  port,  it  is  not  at 
all  improbable  that  it  will  come  by  some  system  of  slack- water  navi- 
gation up  the  swamps;  in  which  case  the  interests  of  navigation  would 
altogether  outrun  the  storage  requirements  in  the  extension  of  this 
chain  of  lateral  reservoirs  down.  But  for  the  present  the  question  is 
wholly  confined  to  the  upper  basin;  for  could  even  the  natural  outflow 
into  the  St.  Francis  be  held  back,  it  is  evident  that  the  danger  of  an 
extreme  flood  below  would  be  greatly  reduced,  while  with  this  enlarged 
capacity  withdrawn  annually  from  the  flood  extremes  and  returned  to 
the  low- water  period,  the  Lower  Mississippi  would  certainly  be  alto- 
gether a  different  river. 

Up  to  the  St  Francis  Basin,  therefore,  there  has  been  no  real  conflict 
with  the  local  interests  that  would  reclaim  the  swamps  or  that  demand 
immediate  protection;  but  here  the  conflict  begins,  and  to  the  engineer 
it  is  simply  a  question  of  the  cost  and  its  effects.  The  effects  have  been 
briefly  noted,  and  even  had  they  not  been  noted  the  data  would  speak 
for  themselves;  and  with  this  the  study  must  close,  for  the  cost  would 
require  an  extended  study  of  its  own,  based  on  surveys  that  have  not 
as  yet  been  made.  Though  probably  no  work  that  man  can  ever  do 
would  so  profoundly  modify  this  whole  lower  river,  it  should  not  be 
assumed  that  even  in  this  labyrinth  of  lakes  and  bayous  a  sufficient 
storage  could  be  provided  without  sacrificing  large  local  interests  and 
without  construction  works  that  would  certtunly  be  difficulty  and  that 
altogether  might  not  warrant  the  expense. 


i 


i 


i     t 

i'i 

It  I 


■      ) 


t 

I     I     • 


'  1 


2908    report  op  the  chiep  op  engineers,  u.  8.  armt. 

Appendix  D. 

RVSOLTTTION  OF  THK  ROCK  CKBXK  AND  PINET  RB8ERY0IB  AND  DITCH  OOMPAHT 
RKLATIVK  TO  RELINQUISHMENT  TO  THE  UNITED  STATES  OF  ITS  RIGHTS  OF  WAT 
OVER  PINET  AND  CLOUD  PEAK  RESERVOIR  SITES. 


Office  Rock  Creek  and  PnnBT  Reservoir  and  Ditch  Coicpant, 
i  Buffalo,  Wyo.f  SepUmher  MS,  18S7, 

^  ,  *  Whereas,  the  Rook  Creek  and  Piney  Reservoir  and  Ditch  Company  did  on  the  7th 

day  of  Deoemher,  1896,  file  and  caase  to  be  filed  in  the  office  of  the  Buffalo,  Wyo., 
land  office  their  map  and  application  for  a  right  of  way  nnder  and  by  virtne  of  the 
act  of  Congress  for  the  acqnirement  of  rights  of  way  over  the  pnblie  domain  for 
ditches  and  reservoirs,  etc.,  and  which  said  application  covered  two  certain  reservoir 
sites,  viz,  the  *'  Piney  Reservoir,"  located  in  sections  23,  34,  25,  and  26  in  township 
52  north  of  range  85  west  of  the  sixth  principal  meridian,  and  i^so  the  '^Clond  Peak 
Reservoir,"  located  in  sections  9, 16,  and  17  in  township  51  north  of  range  9S  west  of 
the  sixth  principal  meridian,  and  all  in  Johnson  Connty,  State  of  Wyoming,  and 
which  said  application  was  dnly  approved  on  the  16th  day  of  Jnly,  1^7,  by  Hon. 

C.  N.  Bliss,  Secretary  of  the  Interior  of  the  United  States  of  America,  and  all  as 
appears  bv  the  official  plat  thereof  on  file  in  the  General  Land  Office,  at  Washington, 

D.  C,  and  the  local  United  States  land  office  at  Buffalo,  Wyo.,  and 
Whereas,  a  proposition — informal  in  its  nature — ^has  been  made  to  said  Rock  Creek 

and  Piney  Reservoir  and  Ditch  Company  to  relinouish  its  right  of  way  for  the  pur- 
pose of  allowing  the  (Government  of  the  United  States  to  occupy  said  sites  for 
experimental  storage  reservoir  construction;  now,  therefore. 

Be  it  rwolved  by  the  ttookholdert  of  the  eaid  company,  That  tne  board  of  trustees  be, 
and  they  are  hereby,  authorized  and  directed  to  make,  execute,  acknowledge,  and 
deliver  all  necessary  conveyances  and  instruments  for  the  purpose  of  releasing  said 
rights  of  wav  and  to  carry  into  effect  the  desires  of  the  Government  of  the  United 
States  touching  the  use  and  occupation  of  said  reservoir  sites,  as  granted  and  now 
:  held  by  this  company. 

I,  William  Bryant,  president  of  the  Rook  Creek  and  Piney  Reservoir  and  Ditch 
Company,  do  hereby  certify  that  the  above  and  foregoing  is  a  full  and  correct  copy 
!  of  the  proceedings  of  the  stockholders'  meeting  of  said  eompanv,  called  and  held  for 

!  the  purpose  of  voting  upon  a  proposition  to  release  its  rights  of  way  for  two  certain 

,  reservoirs,  above  named ^  to  the  United  States  of  America  for  the  purpose  of  con- 

structing thereon  experimental  storage  reservoirs  by  the  United  States;  that  the 
same  has  been  compared  by  me  with  the  original  records  and  is  found  on  page  32  of 
'  Book  A  of  the  records  of  said  corporation. 

y  ^  In  witness  whereof  I  have  hereunto  set  my  hand  as  president  of  said  company,  and 

caused  these  presents  to  be  attested  by  Isaac  N.  Lane,  secretary  of  said  eompanv,  at 
Buffalo,  Wyo.y  this  25th  day  of  September,  1897. 

WnxiAK  Bbtant,  PreHdmU 
Attest: 
[SEAL.]  Isaac  N.  Lanb,  Secretary, 

The  foregoing  instrument  was  executed  by  the  parties  in  question  without  request 
from  myself  otner  than  a  simple  inquiry  as  to  whether  they  would  be  willing  to 
relinquish  their  rights  in  case  the  Government  should  undertake  to  improve  the  sites. 
Nothing  was  said  of  "experimental"  reservoirs.  The  instrument  is  presented  here- 
with simply  as  evidence  of  the  readiness  of  the  parties  in  possession  to  transfer  their 
right  and  title  to  the  sites  in  question  to  the  Government. 

HiBAH  M.   CHirTENDSN, 

Captain  of  Engineen, 

Appendix  B. 

,       r  LBTTBR   FROM   MR.   H.   A.   8T7MNBR,    BX-8TATE    BNGIN1EER    OF    COLORADO,    ON   CON- 

1      !    :  STRUCnON  OF  BBSBBYOIBS  BT  STATB  OF  COLORADO. 

Dbnvbb,  Colo.,  October  16, 1S97. 

Dbar  Sir:  Tour  letter  of  September  28  was  received,  but  absence  fh>m  the  ci^ 
has  prevented  my  answering  sooner. 

Regarding  the  State  reservoirs,  I  will  say  that  while  water  stored  under  State  super- 
vision and  control  might  be  of  great  benefit  to  the  consumers  below  and  ooula  he 
made  to  work  verv  beneficially  to  the  citizens  of  the  State,  such  improvements  should 
I  bs  taken  up  by  the  State  engineer's  office  and  exhaustive  examinations  made  as  to 
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supply  and  wants  of  consnmera,  and  after  the  proper  estimates  haye  been  made  the 
le^slatnre  should  be  asked  to  set  aside  the  money  to  constract  the  same. 

Instead  of  this  plan  having  been  followed,  however,  a  few  years  ago  it  became  a 
fad  with  the  members  of  the  legislature  to  inaugurate  an  era  of  State  reservoir 
construction  in  connection  with  waffon  roads  and  bridges  in  the  several  counties, 
such  improvements  being  paid  for  mim  what  is  known  as  the  "Internal  improve- 
ment fund  of  the  State. 

The  legislative  bills  would  be  passed,  setting  aside  a  stated  sum  of  money  and 
locating  a  reservoir  in  or  near  a  certain  stream,  and  all  the  State  engineer  had  to  do 
was  to  go  out  and  endeavor  to  find  the  proper  storage  facilities  which  would  not 
cost  more  than  the  sum  named  in  the  legislative  bill. 

State  wagon  roads  and  bridges  have  been  built  on  the  same  basis. 

This  makes  unsatisfactory  work,  and  on  the  whole  has  impeded  what  might  have 
been  the  commencement  of  State  aid  to  assist  the  irrigation  interests,  if  it  had  been 
properly  inaugurated  and  carried  out. 

For  these  reasons  I  have  always  been  afraid  that  Gk>vemment  aid  would  be  with- 
held, because  so  far  the  State  has  not  succeeded  in  benefiting  to  any  great  extent 
the  people  of  the  State  in  its  ejQforts. 

To  give  a  brief  history  of  the  reservoirs  built  by  the  State,  I  will  take  them  in 
the  oitier  they  were  built. 

APISHAPA  BEBXBYOnU 

Situated  in  Las  Animas  County,  in  the  Metote  Canyon,  between  the  Trojilla  and 
Apishapa  creeks.    Dam  of  earth. 

The  Metote  Canyon  has  a  limited  catchment  area,  and  the  reservoir  is  filled  by  a 
ditch  about  2  miles  in  length  from  the  Trojilla  Creek,  which  heads  near  the  Spanish 
Peaks  and  has  a  watershed  of  about  30  square  miles. 

The  reservoir  was  completed  in  1892,  but  has  been  of  very  little  use  to  anyone,  as 
the  entire  flow  of  Trojilla  Creek  is  appropriated  by  farmers  below  and  only  uie  win- 
ter and  flood  waters  can  be  stored. 

The  reservoir  cost  $14,771.80.  Capacity.  20,000,000  cubic  feet,  or  459.11  aore-feet, 
whioh  is,  for  one  filling  of  reservoir,  $32.18  per  acre. 

MOVUMXKT  BBSEBYOIB. 

Situated  in  El  Paso  County,  on  Monument  Creek,  immediately  west  of  Monument 
Station  on  the  Denver  and  Rio  Qrande  Railroad. 

It  has  a  catchment  area  of  about  22  square  miles,  and  the  dam,  which  is  of  earth| 
is  constructed  across  the  stream,  with  spillways  on  each  side. 

The  flood  waters  enable  it  to  oe  filled  at  least  once  a  year  and  often  twice.  The 
water  has  been  turned  out  in  times  of  need  to  those  needing  it  below,  and  on  the 
whole  this  resMvoir  has  been  of  some  use  to  the  farmers.    Completed  in  1894. 

The  cost  was  $33,121.63.  Capacity,  37,289,400  cubic  feet,  or  856.05  acre-feet,  equiv- 
alent to  $38.69  per  acre  for  one  filling  of  reservoir. 

HABDSCBABBLB  BBSXBYOIB, 

Situated  in  Custer  County,  on  a  small  ravine  near  Hardsorftbble  Creek,  with  a 
ditoh  from  the  latter  creek  to  fill  it. 

Of  very  little  use,  as  the  creek  whioh  fills  it  is  nearly  dry  in  summer  and  the  fiood 
waters  are  its  only  source  of  supply.  It  is  an  earthen  dam.  Completed  in  1894. 
Cost  $9,997.31.  Capacity,  4,453,600  cubie  feet,  or  102.24  acre-feet,  equivalent  to 
$97.78  pier  aoie  in  one  filling  of  reservoir. 

BOSS  lAKX  BBSBRYOIB. 

Situated  in  Chaffee  County,  on  the  head  waters  of  the  South  Arkansas  River,  about 
4  miles  north  of  Monarch  and  near  the  Main  Range. 

The  catchment  area  is  only  about  4  square  miles,  and  the  dependence  is  on  winter 
snows,  which  are  to  be  held  back  in  the  spring  months. 

Owing  to  the  reported  unsafe  condition  of  dam,  which  is  of  earth,  the  reservoir 
has  never  been  filled,  but  the  benefit  from  it  when  in  use  can  never  be  much. 

It  was  completed  in  1894  and  cost  $14,654.24.  Capacity,  8,940^661  cubic  feet,  or 
205.25  aoie-feet,  whioh  is  $71.39  per  acre  for  one  filling  of  reservoir. 

SAGUACHX  BBSEBYOIB. 

Situated  near  Saguache,  Saguache  County,  in  a  ravine  near  the  Saguache  River, 
and  ia  filled  from  the  latter  stream  by  a  ditch.  The  present  supply  of  the  stream 
being  appropriated,  but  very  little  water  is  available  for  this  reservoir  and  only  in 
the  winter  or  early  spring  months.    Dam  constructed  of  earth. 
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It  WM  completed  in  1894  and  coet  $90,000.    Capacity,  41,556,240  cubic  feet,  or  964 
aore-feety  which  is  $31.45  per  acre  for  one  filling  of  the  reservoir. 
Toms,  tmly, 

H.  A.  SuionB. 
H.  M.  Ghittendkn, 

Captain  of  Engineen,  U.S.  A, 

Appendix  P. 

LBTTBB  OF   MR.  BLWOOD   IfSAD,  STATE   SXGIirEBB   OF  WTOHINO,   ON   PBRCWffTAGE 
OF  STREAM  FLOW  REQUIRED  TO  BE  STORED  IN  THE  ARID  REGIONS. 

Cheyenne,  Wto.,  October  iS7, 1897, 

Deab  Captain  :  Replying  to  yonr  inqniry  about  the  percentage  of  the  total  flow 
of  a  stream  which  has  to  be  stored  in  order  that  all  of  its  flow  may  be  used  in  irri- 
gation, would  sav : 

There  is  a  wide  variation  in  different  parts  of  the  arid  region  becaose  both  the 
flood  season  and  the  time  when  water  is  needed  differs  greatly  in  different  sections. 
In  order  that  a  stream  might  be  entirely  used  without  stora^  it  would  be  necessary 
for  the  variations  in  use  to  correspond  to  the  variations  in  discharge,  aud  the  farther 
they  are  apart  the  greater  need  of  regulating  the  natural  flow  through  this  means. 

If  you  will  examine  the  diagrams,  which  show  the  discharge  of  streams  measured, 
in  the  several  engineers'  reports  from  this  State,  you  will  observe  that  almost  with- 
out exception  the  discharge  of  all  these  streams,  in  the  thirty  days  from  May  15  to 
June  15,  is  greater  than  tne  total  flow  of  the  stream  for  the  remainder  of  ^e  year, 
and  in  order  for  the  stream  to  be  used  without  the  aid  of  storage  the  irrigation  of 
crops  must  be  concentrated  in  the  same  ratio  within  this  period. 

With  this  letter  I  also  send  yon  a  table  showing  the  discharge  of  streams  in 
Wyoming  during  the  irrigation  season  of  1897.  In  this  you  will  notice  that  with 
nearly  all  these  streams  the  number  of  acre-feet  in  the  discharge  for  May  is  greater 
than  for  any  subsequent  months  and  almost  equal  to  the  combined  discharge  for  the 
remainder  of  the  irrigation  season — ^in  some  oases  entirely  so. 

It  will  also  be  noti^d  that  on  Green  River  the  acre-feet  discharged  in  May  is  three 
':  1  times  that  of  July ;  on  Blacks  Fork  the  May  discharge  is  ten  times  that  of  July ;  on 

*  the  North  Platte,  seven  times;  on  the  Laramie  at  Uva,  tliree  times,  and  at  Woods, 

six  times,  and  on  Clear  Creek,  approximately  four  times. 

The  use  of  water  in  irrigation  varies  somewhat  in  different  years,  but  it  is  the  nnani- 
I  ^  mous  belief  of  the  members  of  the  board  of  control  that  the  greatest  use  of  water  occurs 

in  June  and  Jnly,  and  that  the  requirements  of  these  two  months  are  about  equal; 

'  that  in  ordinary  seasons  the  use  of  water  in  May  is  merely  nominal,  the  rainfall  of 

^    I  that  month  being  often  entirely  sufficient.    It  is  the  exception  rather  than  the  mle 

for  any  water  whatever  to  be  used  in  April.  Alfalfa,  root  orcms,  and  orchards  require 
irrigation  in  August  and  September,  and  the  percentage  oi  water  required  during 
these  months  generally  increases  with  the  length  of  settlement  of  a  particular  section. 

Rememberine  now  that  as  much  water  is  required  in  July  as  in  June,  and^at  the 
requirements  of  both  these  months  are  fta  in  excess  of  May,  we  can  understand  how 
greatly  the  natural  flow  of  the  streams  measured  will  have  to  be  modified  before  all 
the  water  can  be  used. 

The  limits  of  this  letter  will  not  permit  a  discussion  of  each  of  these  streams,  nor 
is  this  necessary;  a  single  one  will  illustrate  this  matter  as  fhlly  as  all  of  them. 
Let  us  take  the  North  Platte  River.  The  use  of  water  above  the  point  where 
measured  is  so  small  that  it  practically  represents  the  normal  flow  of  this  stream. 
As  June  and  July  are  the  months  of  maximum  requirement  and  as  their  needs  are 
about  equal,  the  Jul^  discharge  of  102,000  acre-feet  wiU  fix  the  limits  of  irrigation 
under  normal  conditions:  but  when  this  has  been  reached,  there  yet  remains  entirely 
unused  the  253,000  acre-feet  of  April,  more  than  700.000  of  May,  and  fully  400,000  of 
June.  Unless  this  can  be  stored  or  in  some  way  neld  back  to  augment  the  Joly 
I  discharge,  three-fourths  of  the  total  discharge  must  run  to  waste.  •  It  will  not  be 

necessary,  however,  to  store  this  volume  in  order  to  secure  the  maximum  use.    If 

the  700,000  acre-feet  of  the  May  discharge  can  be  stored  and  added  to  the  discharge 

of  June  and  July,  it  n  ves  a  total  for  those  two  months  of  1,300.000  acre-feet,  or  650,000 

acre- feet  for  each  of  the  two  months.    The  return  waters  m>m  seepage  from  this 

use  will  be  amnly  sufficient  to  meet  the  increased  demands  of  August  and  September, 

so  that  it  would  be  a  close  approximation  to  the  truth  to  say  that  by  storing  40per 

centof  the  discharge  of  this  stream  we  can  secure  the  complete  use  of  its  water.    IliiB 

ignores  the  April  discharge,  which,  if  included,  would  somewhat  increase  tiie  pe^ 

U|j  oentage  required  to  be  stored.    Storing  40  per  cent  of  the  stream's  flow  does  fu 

^^•^■i^^  more  than  increase  the  reclaimed  acreage  by  that  per  cent.    It  practically  increases 

^V  it  in  this  case  600  per  cent.    Instead  of  having  the  reclaimed  area  fixed  by  the  work 

\  which  102,000  acre-feet  will  perform,  it  is  fixed  by  the  land  which  762,000  aoze-liMt 

will  serve.    I  hope  I  have  succeeded  in  making  my  meaning  dear  to  yon. 
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The  storage  of  water,  if  generally  nndertakeiii  wlU  remove  one  of  the  most  per- 
plexing problems  connected  with  water  rights  and  one  of  the  most  prolific  sonrcea 
of  controversies.  If  we  stop  the  taking  oat  of  ditches  when  the  limit  of  the  Joly 
flow  has  been  reached,  and  with  it  the  limit  of  possible  complete  irrigation,  there 
still  ffoes  to  waste  the  greater  part  of  the  dischar^  of  the  stream  daring  the  earlier 
montns.  People,  seeing  this,  insist  on  bailding  ditches  to  ntilize  it,  and  the  resalt  is 
that  we  have  an  abnndanoe  of  water  to  begin  the  raising  of  crops  and  bitter  contro- 
versies to  prevent  their  destrac  tion  before  maturity.  Under  these  conditions  ' '  stored 
water,''  to  nse  Mr.  Nettleton's  expression,  can  be  compared  to  the  water  which  pnta 
out  the  burning  house.  While  it  would  be  worth  comparatively  little  if  it  was  used 
for  the  complete  irrigation  of  crops,  used  as  it  will  be  its  value  must  be  measured  by 
what  it  serves  in  the  emergency  which  calls  for  its  use. 

An  examination  of  the  discharge  of  some  of  the  other  streams  makes  an  even 
stronger  case  for  reservoirs,  and  you  will  find  by  an  examination  of  the  several  engi- 
neers^reports  of  this  State  that  the  discharges  of  1897  are  in  no  way  an  exception. 

Some  criticism  may  be  made  of  the  statement  that  the  demands  of  July  are  as 
great  as  tiiose  of  June  and  greater  than  of  May.  I  have  stated  that  this  is  the  con- 
clusion of  the  members  of  the  board  of  control,  based  on  theirpersonal  experience. 
The  measurements  which  I  made  in  1889  of  the  water  used  at  Wheatland  confirmed 
this.  You  will  see  that  no  water  whatever  was  used  in  May,  that  the  July  demands 
on  oats  were  far  greater  than  those  of  June,  and  that  the  only  water  used  in  the 
irrieation  of  potatoes  was  used  in  July.* 

The  measurements  of  the  duty  of  water  made  h^  the  a^cultural  department  of 
the  State  University  of  Colorado  showed  that  the  irrigation  season  includes  May, 
June,  July,  and  August,  but  there  is  no  record  in  their  experiments  of  any  water 
whatever  being  used  in  May,  and  the  number  of  irrigations  in  July  equal  those  in 
June.  The  tables  do  not  permit  of  any  accurate  determination  of  the  relative  vol- 
umes used  in  either  of  these  two  months.  In  Bulletin  No.  22,  Duty  of  Water,  issued 
by  the  Agricultural  College  of  Colorado,  it  will  be  noticed  that,  while  the  irrigation 
of  small  grain  required  more  water  in  June  than  in  July,  forage  crops  and  root  crops 
required  a  larger  use  of  water  during  the  latter  month.  It  must  be  remembered, 
also,  that  in  we  measurements  made  there  people  used  water  when  they  had  it,  and 
that  it  was  not  the  greater  necessity  of  June  but  the  greater  June  supply  that  led 
to  the  enlarged  use  during  that  month. 

In  Wyoming  and  Montfuia  irrigation  takes  i)lace  at  a  later  period  than  in  Colo- 
rado, so  that  I  am  convinced  that  the  conclusions  of  our  bosurd  are  substantially 
correct. 

I  regret  that  I  have  not  time  to  go  into  this  matter  more  in  detaU,  but  the  meeting 
of  the  State  board  of  control  and  the  large  amount  of  business  which  remains  to  be 
closed  up  as  a  result  thereof  makes  it  impossible.  I  am  confident,  however,  that  the 
statement  that  40  per  cent  of  the  water  of  our  streams  must  be  stored  if  all  is  to  be 
used  is  substantially  correct,  and  that  through  such  storage  the  acreage  which  can 
be  watered  can  be  increased  from  three  to  four  times  that  which  can  ne  profitably 
irrigated  by  means  of  the  natural  flow  alone. 
Sincerely,  yours, 

Elwood  Mkad. 

Capt.  H.  M.  Ohitikkden. 


Table  ekawing  ike  dUcharge  of  etreame  in  Wyoming  during  the  irrigation  eeaeon  of  1897. 


Nfone  of  stream. 


OreenBiyer: 

liMui  disobsrge. .  .oubio  feet  per  eeoond . . 

Totel  flow aore-feet.. 

Blaoka  Fork: 

Idfosn  diMharge. . .  oabic  feet  per  eecond. . 

Total  flow acre-feet.. 

Korib  Platto: 

Mean  diacharge. .  .cubic  feet  per  aeoond . . 

Total  flow aore^feet.. 

Tianwnle-Uva; 

Mean  diacharge. .  .cnbio  feet  per  aecond. . 

Total  flow acre-feet.. 

Xaramle-Wooda : 

Mean  dleobarge. .  .onbic  feet  per  second. 

Total  flow acre  feet. 

CSaar  Creek: 

Mean  discharge. .  .cnbic  feet  per  second. 

Total  flow acre-feet. 


Apr. 


2,000 
118.764 


4,451 
263,  IM 

688 

40,728 

145 
8,630 


May. 


0,121 
550.840 

3,072 
248.782 

14,008 
700,670 

1,241 
76,208 

1,022 
117,068 

842 
20,206 


June. 


7,508 
446,013 

1,302 
77.374 

8,018 
405,863 

1,082 
64,273 

1,542 
01,634 

270 
16,602 


July. 


2,884 
177,048 

838 
20,452 

1,778 
102.360 

41 
8,527 

816 
10,366 

80 
6,603 


Ang. 


1,602 
103,880 

145 
8,780 

860 
47,426 

118 
7,245 

113 
6,0M 

56 
8,832 


Sept. 


854 

50,738 

172 
7,231 

537 
31,360 

12 
600 

570 
8,437 


State  engineer's  report  1889,  in  set,  page  33. 
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uettbb  of  mb.  f.  j.  lollsy  8tatb  kngdoubr  of  idaho,  on  psbcbntaqx  of  btbxam 
flow  bbquiiubd  to  bs  stored  in  the  arid  rbqi0n8. 

State  Enoinbeb's  Office, 
Bairn,  Idaho,  Ooioher  t9, 1897. 

Deab  Sib  :  I  beg  to  aoknoirledge  the  receipt  of  vonr  favor  of  the  25th  instant,  and 
am  pleated  to  comply  with  yonr  request  in  regard  to  storage  of  water,  as  folly  as  I 
am  able.  Perhaps  we  can  arrive  at  a  solntion  of  the  qaestion  yon  ask  by  eonsideriDg 
a  specific  case  better  than  in  any  other  way.  On  account  of  the  reasonable  com- 
pleteness of  the  record,  I  wiU  take  the  Boise  River  as  an  example,  hoping  that  from 
a  statement  of  the  conditions  on  this  stream  yon  may  reach  an  approximate  answer 
to  your  inquiry. 

In  the  report  [First  Biennial  Report  of  the  State  Engineer  to  the  Governor  of 
Idaho]  of  tlus  office,  page  15,  we  flna  that  the  total  flow  of  the  Boise  River  during 
1895  (a  low-water  year)  was,  in  round  numbers,  1,500,000  acre-feet.  The  present 
duty  of  1  acre-foot  of  water  from  the  Boise,  somewhat  discussed  in  report,  page  60 
et  seq.,  we  will  assume  to  be  the  irrigation  of  one-fourth  acre  per  year.  Now,  if  the 
total  flow  of  the  Boise  could  be  applied  to  irrigation,  it  would  be  sufficient  to  irri- 
gate, on  that  basis,  875,000  acres  of  land,  neglecting  evaporation  fixim  reservoirs, 
etc.,  for  the  present.  This  is  what  it  would  do  if  the  water  were  all  conserved  and 
used,  assuming  that  we  have  absolute  control  of  the  whole  run-off. 

Now,  what  will  it  do  without  reservoirs,  simply  using  such  part  of  the  flow  aa 
mav  be  available  when  needed  f 

The  time  when  the  water  has  to  be  applied  for  irrigation  Cinoompletely  discuned 
on  page  64  of  report)  may  be  roughly  stated  as  follows : 

Fmrcentage  of  whole  0>mouni, 

May 15 

June 30 

July 30 

August 15 

September 10 

Total 100 

This  would  be,  per  acre,  0.6  acre-feet  in  May,  1.3  acre-feet  in  June,  same  in  Jnly, 
0.6  acre-feet  in  August,  and  0.4  acre-feet  in  September;  total,  4  acre- feet  per  acre. 
Turn  now  to  page  15  of  the  report,  and  we  find  that  the  possibilities  for  irrigation 
by  the  waters  of  this  stream  will  be  limited  by  its  average  August  flow  ot  1,039 
cubic  feet  per  second,  or  about  65,000  acre- feet  for  the  month.  We  need  0.6  acre- 
feet  per  acre  during  the  month,  consequently  the  area  that  can  be  irrigated  horn 
this  river  would  be  about  108,000  acres,  it  being  limited  by  the  August  flow,  adthoagh 
there  is  a  large  surplus  during  the  other  irrigating  months. 

Let  us  assume  that  the  Boise  River  will  irrigate  108,000  acres  of  land  without  rei- 
ervoirs,  how  much  storage  of  water  will  we  have  to  have  to  make  it  irrigate  316,000 
acres  f  From  the  table  of  flow  we  find  that  the  naturid  flow  in  May  is  6,214  second- 
feet,  or  approximately  875,000  acre-feet.  We  would  conseauently  not  have  to  draw 
upon  the  stored  water  in  Mav.  The  June  flow  188,746  second-feet,  equals  225,000  acre- 
feet.  We  need  216,000  X  1.3,  equals  259,000  acre-feet  in  June.  Consequently  we 
would  draw  84,000  acre-feet  from  the  reservoirs  in  June.  The  July  flow  is  2,483 
second-feet,  equals  150,000  acre-feet.  We  need  216,000  X  1.2,  equals  259,000  acre-feet 
in  July.  Consequently  we  would  need  to  draw  109,000  acre-feet  in  July.  The 
August  flow  of  1,039  second-feet»  equals  65,000  acre-feet,  is  just  enough  for  108^000 
acres  (this  being  the  limitinff  flow).  We  need  216,000  x  0.6,  equals  130,000  acre-feet 
in  August.  Hence  we  woula  have  to  draw  65,000  acre-feet  from  the  reservoiia  in 
August.  The  September  flow  is  970  second-feet,  or  about  60,000  acre- feet.  We  need 
216,000  X  0.4,  equals  86.000  acre-feet  in  September.  We  would,  therefore,  have  to 
draw  26,000  acre-feet  n-om  the  reservoir.  We  would,  therefore,  use  34,000  ploB 
109,000  plus  65,000  plus  26,000,  equals  234,000  acre-feet  from  the  reservoirs  during 
the  season  in  order  to  do  an  amount  of  irrigation  equal  to  that  done  by  432.000  acre- 
feet  taken  directly  from  the  stream.  Thus  we  see  that  while  we  can  use  only  432,000 
acre-feet  of  water  ttom  the  ordinary  flow  of  the  river,  by  storing  234,000  aore-feet 
we  can  use  864,000  acre-feet  of  the  flow  of  the  same  river  at  exactly  the  same  periodi 
and  to  equal  advantage. 

Let  us  now  see  what  we  would  have  to  store  (on  basis  of  1895  flow)  to  utilize  all  the 
run-off  of  the  river,  assuminff  that  there  is  land  to  use  it  upon  (which  is  not  true  in  tbn 
particular  case).  The  total  capacity  of  river  is,  we  wOl  assume,  the  irrigation  of 
375,000  acres.  The  May  flow  is  6,214  seoond-feet,  equals  375,000  aore-feet ;  so  we  would 
not  draw  upon  the  storage  in  May.  We  need  in  June  375,000x  1.2,  equals  450,000  aere- 
feet.  The  June  flow  equals  225,000  acre-feet.  We  would  have  to  draw  225,000  acre-feet 
in  June.  In  the  same  way  we  find  we  would  consequently  draw  300,000  acre-feet  in 
July,  160,000  acre-feet  in  August,  and  90,000  acre-feet  in  September,  equals  TTS^OOO 
aora-ftet  of  storage  needed  m  order  to  utilize  the  entire  flow  of  the  atreaoL 
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We  ean  nse  28.8  per  cent  of  the  riyer  withont  storage.  By  storing  15  per  cent  of 
the  total  annual  flow  we  would  be  able  to  utilize  57.7  per  cent  of  the  total  flow. 
By  storing  51  per  cent  we  would  be  able  to  use  the  total  annual  flow. 

The  season  of  1895  was  one  of  much  more  nearly  uniform  flow  throughout  the  year 
than  usual.  During  most  years  (see  table  of  flow  for  1896)  by  storage  of  a  much 
smaller  quantity  the  same  available  water  could  be  secured. 

These  calculations  will^  of  course,  vary  for  different  streams. 

I  have  contented  myself  with  approximate  calculations  in  this  letter,  although 
near  enough  for  practical  purposes,  if  you  desire  to  take  up  several  streams  in  order 
to  get  an  average,  by  taking  tbe  records  of  their  flow  in  connection  with  the  table 
on  page  64  of  my  report,  you  will  not  go  far  wrong  for  Idaho,  Utah,  Colorado,  Mon- 
tana, and  Wyoming  anyway,  probabfy  not  very  far  wrong  for  any  locality  where 
general  irrigation  firming  is  the  rule.  I  will  say,  however,  that  my  later  investiga- 
tions tend  to  rather  increase  the  proportion  of  water  used  in  June  and  July,  so  that 
I  think  15  per  cent  for  May,  30  per  cent  each  for  June  and  July,  15  per  cent  for 
August,  and  10  per  cent  for  September  are  not  far  off  for  this  country.  Of  course,  a 
little  water  is  sometimes  used  in  April  and  October,  but  it  is  ordinarily  a  very  small 
proportion  of  the  whole,  and  I  have  in  this  table  included  it  in  the  estimates  xor  May 
ana  September. 

Perhaps  we  had  better  calculate  the  condition  on  another  stream  for  the  same 

eiar.  Let  us  take  the  Weiser  River.  This  stream  fluctuates  more  than  the  Boise^ 
fisct,  more  than  most  rivers  of  this  State. 

The  total  flow  for  1895  was  500,000  acre-feet;  for  1896  it  was  1,400,000  aore-feet.  We 
may  assume  that  3  acre-feet  of  water  are  used  annually  on  each  acre  irrigated  fh>m 
the  Weiser  below  the  point  of  measurement.  Henee  the  total  1895  flow,  if  all  could 
have  been  used,  would  have  irrigated  about  166,000  acres.  From  an  inspection  of 
table  of  flow,  page  10  of  report,  we  see  that  the  August  flow  is  th^  limiting  flow  of 
this  stream.  The  flow  in  August  is  79  second-feet,  or  3,449  acre-feet.  We  need  15 
per  cent  of  8  feet,  or  0.45  acre-feet,  per  acre  in  August.  Two  thousand  four  hundred 
and  fortv-nine  divided  bv  0.45  equals  5,450  acres  as  the  maximum  area  which  can  be 
irrigated  on  this  basis  from  the  ordinary  flow  of  the  river.  Let  us  see  how  much 
storage  it  would  take  to  double  the  irrigating  efficiency  of  this  river.  Bv  a  process 
similar  to  that  used  on  the  Boise  River  we  find  that  a  storage  of  only  3,449  acre-feet 
will  accomplish  this  purpose. 

To  utilize  all  the  flow,  or  to  irrigate  166,000  acres  from  this  river,  no  stox]Sffe  will 
be  needed  for  May.  The  June  flow  is  854  second-feet,  or  51,000  acre-feet.  We  need 
166,000x0.9,  equals  149,000  aore-feet;  hence  we  would  need  98,000  acre-feet  from 
atorage  in  June.  The  July  flow  is  312  second-feet,  equals  19,000  acre-feet;  hence 
we  would  draw  147,000  acre-feet  from  storage  in  July.  The  flow  in  August  is  79 
•eoond-feet,  or  2,450  acre-feet.  We  need  166,000x0.45,  eouals  74,500  acre- feet ;  henee 
we  would  have  to  draw  72,000  acre-feet  from  storage  in  August.  The  September 
flow  is  140  second-feet,  or  8,400  acre-feet.  We  need  166,000x0.3,  equals  49,800  acre- 
feet;  hence  we  would  draw  41,000  from  storage.  We  therefore  find  that  96,000  plus 
147,000  plus  72,000  plus  41,000,  equals  358,000  acre-feet,  would  have  to  be  stored  in 
•rder  to  utilize  the  full  flow  of  the  stream. 

Hence  we  see  that  only  about  3^  per  cent  of  the  Weiser  is  available  for  irrigation 
without  storage.  By  storing  one-half  of  1  per  cent  of  the  total  flow  we  double  the 
irrigating  efficiency  of  the  stream.  We  would  have  to  store  71  per  oent  of  the 
total  flow  in  order  to  render  it  all  available  for  iirigatlon. 

From  the  results  of  the  above  calculations  on  two  streams  selected  almost  at  ran- 
dom we  see  that  no  general  average  can  be  made  covering  Ihe  point  under  consid- 
eration. If  we  should  take  the  year  1896  instead  of  1895  for  calculations  on  these 
same  streams,  our  resulting  percentages  would  be  very  different.  Some  streams  in 
this  State  which  flow  annually  large  quantities  of  water  are  not  available  without 
storage  at  all,  on  account  of  *being  completely  dry  during  part  of  the  time  when 
water  must  be  had,  but  which  flow  during  a  part  of  the  irrigation  season,  while 
some  streams  flow  only  during  periods  when  no  irrigation  is  done,  thus  necessitating 
storage  of  full  amount  used  for  irrigation.  Some  streams  rise  from  large  springs 
and  have  practically  a  uniform  flow  during  the  entire  year.  Uniformly  flowing 
streams,  you  will  note,  would  have  to  have  some  70  per  cent  of  their  total  annual  flow 
stored  in  order  to  render  the  whole  flow  available.  It  will  very  rarely,  if  ever,  occur 
that  the  total  flow  of  a  stream  can  be  rendered  available  for  irrigation  withont  the 
storage  of  more  than  50  per  cent  of  its  total  annual  flow.  Rrobably  very  few 
streams  will  be  available  for  irrigation  withont  storage  to  a  greater  extent  than  25 
or  80  per  cent  of  their  total  flow.  The  streams  in  this  part  of  the  country  could 
have  their  irrigating  efficiency  very  greatly  increased  by  storage  of  a  comparatively 
small  quantity  of  water.  In  other  words,  by  storing  enough  water  to  irrigate  by 
itself,  say,  1,000  acres,  we  may  often  increase  the  irrigating  efficiency  of  the  stream 
by  2,000,  8,000,  4,000,  or  even  as  high  in  some  cases  as  5,0(X)  acres,  by  reason  of  the 
fact  that  the  stored  water  may  only  have  to  be  drawn  n]»on  during  a  very  short  part 
ef  the  irrigating  season. 

I  h«Te  imtten  this  very  hastily,  both  on  account  of  being  very  busy  and  in  order 
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to  get  it  to  yon  at  onoe,  aa  yon  leanest.  I  half  not  attempted  to  be  exact  in  the 
caloulatione.  only  exact  enongli  for  die  pnixKMe  in  Tiew.  I  hope,  howoTor,  that  yon 
will  And  in  it  and  in  the  report  snfflcient  hinte  to  enable  yon  to  get  at  the  informa- 
tion you  may  desire  in  regard  to  any  particular  stream.  Ton  can  get  tables  of  the 
annnal  flows  of  very  many  streams  in  Bulletin  No.  140.  United  States  Geologiesl 
Sarvey,  1896,  if  yon  desire  to  go  into  the  subject  in  detaiL 

The  percentages  of  water  used  during  the  different  months  are  only  given  si 
approximations.  I  have  perhaps  estimated  the  August  necessity  a  little  too  smsU. 
Oi  course,  if  you  desire  more  exactness,  the  estimates  of  the  peroentaffes  nrnnrninnr 
should  be  made  for,  say,  each  week,  and  the  flow  of  the  stream  tai&en  for  such 
period  sJso,  rather  than  by  months.  But  the  calculations  herein  are  intended  only 
as  approximations,  as  it  is  a  matter  in  regard  to  which  only  an  approximation  csa 
be  had  anyway. 

I  hope  to  get  a  copy  of  your  report  when  it  is  made  public. 

Vours,  very  truly,  p  j  ^^^^^  ^^  Enginm',IUU 

Capt.  H.  M.  Chittbkdkn, 

Engimmr  Carp9,  U.  8.  J. 


Appendix  O. 

TABLB  OF  WATBRSHSDS. 

[To  aeeompsiiy  Biep  of  prtneipal  dndnjige  bsdaa  of  ibo  srid  Metkm  of  the  Uailed  Btateo.   tald 

numbon  rofer  to  nup.] 

The  areas  were  measured  by  means  of  a  planimeter,  from  the  latest  Land  Office  msp 
of  the  United  States.  They  make  no  nretension  to  minute  acouraoy,  but  axe  rather 
designed  to  convey  a  general  idea  of  the  relation  of  the  various  watexahedi  to  ssch 
other  and  to  the  total  area  of  the  arid  r^on. 


mBSOUBI  BIYBB  BASIN. 

I  I 

•  ]  [AboTO  Xsnsst  City.] 

Square  niki. 

1.  Jefferson  River 10|000 

2.  Madison  River -. 3,681 

3.  Gallatin  River LM 

4.  San  River 3,469 

5.  Marias  and  Teton  rivers 10^963 

6.  Musselshell  River 9,600 

7.  Milk  River S4,« 

8.  Poplar  River 8,439 

9.  Muddy  Creek 8,134 

10.  lellowstone  River 70^10 

11.  Yellowstone  Lake 868 

13.  ClarksFork 8,894 

18.  Pryors  Creek 1,060 

14.  Bighorn  River 22;879 

16.  Stinking  Water  River 3,788 

16.  Grey  Bull  River L639 

17.  Owl  Creek 961 

18.  WindRiver 2,817 

19.  Popo  Agio  River 3,013 

90.  Little  Bighorn  River 1,366 

21.  NoWoodRiver 1,869 

23.  BadWater  Creek 3,119 

Local  Bighorn  drainage 7,444 

Total 33,879 

38.  Rosebud  River 1,613 

34.  Tongue  River 6^366 

36.  Powder  River 18^679 

26.  Little  Powder  River 3,187 

37.  Clear  Creek 1,164 

Crazy  Woman  River 1, 140 

Local  Powder  River  drainage 9,098 

Total 13,679 

Local  Yellowstone  River  drainage >. 21^439 

Total TO, 


APPENDIX  P  P — ^BEPOBT  OP  LIEUT.  COL.  CHITTENDEN.      2915 

Bqhito  inflcw 

29.  little  MiBsonri  Riyer 9,869 

SO.  Knife  River 2,615 

31.  Heart  River 3,496 

32.  Cannon  Ball  River 4,545 

33.  GrandRiver 5,109 

34.  Korean  River 6,461 

35.  Cheyenne  River 24^906 

36.  Belle  Fourche  or  North  Fork 7,624 

87.  SonthFork 13,421 

Local  Cheyenne  drainage 3,863 

Total 24,908 

38.  Bad  River 3,355 

39.  White  River 10,435 

40.  Jamea  or  Dakota  River 20,265 

41.  Niobrara  River 11,879 

Local  MiBsoori  River  drainage  above  Sionx  City 82,911 

Total  Missonii  River  Watershed  above  SiooxCity 823,462 

42.  Platte  River 88;150 

43.  North  Platte  River 33,048 

44.  North  Platte  above  Sweetwater 8,289 

45.  Sweetwater  River ^064 

46.  Laramie  River 4,865 

Local  North  Platte  drainage 16,835 

Total 33,043 

47.  Bonth  Platte  River 23;  744 

48.  South  Fork 2,049 

49.  North  Fork 628 

50.  Big  Thompson  River 997 

51.  Cache  a  la  Pondre  River 1,740 

62.  LodgePole 2,566 

Local  Sonth  Platte  drainage 15,764 

Total 23,744 

63.  Loup  River 16,429 

64.  Elkbom  River 6,609 

LocalPlatte  drainage 8,325 

Total 88,160 

55.  Kansas  River 67,998 

66.  Big  Bine  River 9,460 

57.  Republican  River 23,776 

68.  Solomon  River 6,680 

69.  Saline  River 8,230 

X  Smoky  Hill  River 8,085 

Local  Kansas  River  drainage 6,867 


Total 57, 

Loeal  Ifissoiizi  Biver  drainage  from  Sionx  City  to  Kansas  City 22, 152 

Total  Hissonii  River  watershed  above  Kansas  City 491, 762 

IL 

AXKANBAB  BIYXR  BASOT. 

61.  Neosho  and  Verdlgxis  rivers  and  Caney  Creek 21,155 

62.  Cimarron  River 16,651 

63.  Canadian  River 47,258 

Local  Arkansas  River  dndnage  to  month  Canadian  River 60, 733 

Total  Arkansas  watershed  from  scarce  to  month  Canadian .  145, 797 

m. 

SBD  RIVXR  BJJBIN. 

64.  Bad  Bhw  above  month  Washita  River,  including  Washita 42, 264 

IV. 

tt.  PMoaBivar,  New  Mexico 82; 
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SqnftremflM. 
66.  Rio  Grande  Riyer  above  £1  Paso,  Tex 42;  162 


VL 

COLORADO  RIVER  BABEBT. 

67.  Green  River 49,104 

68.  Grand  River 25,366 

69.  Gannison  River 8,289 

70.  Dolores  River 4,866 

Local  Grand  River  drainage 12,221 

Total 25,365 

71.  San  JnanRiver 19,014 

72.  Little  Colorado  River 22,682 

73.  Virgin  River 8.713 

74.  GilaRiver 62.949 

Local  Colorado  drainage  to  Tama 60,254 

Total  Colorado  River  waterstied 248;  031 

vn. 

SALT  LAn  BA8IK. 

75.  Bear  River 7,624 

76.  Weber  and  Ogden  rivers 2,077 

77.  Utah  Lake 4,495 

78.  Sevier  River  and  Lake 9,386 

Looal  Salt  Lake  drainage 8,353 

Total 31,9S5 

vin. 

79.  Humboldt  River  Basin SQ^lOO 


DXSKRT  BA0IH8. 

80.  From  Great  Salt  Lake  to  southern  boundary  of  California^  including 

Salt  Lake  and  Ralston  deserts 107,815 

Z. 

LAKES  OB  SINKS  WITHOUT  OUTLBTS. 

81*  Owens,  Mono,  Tahoe,  Walker,  Pyramid,  Winnemnooay  Honey,  Eagle, 

Warner,  Abort,  and  Summer  lakes •• 44^803 

XI. 

COLUMBIA  RIVEB  BA8IK. 

82.  Columbia  River  in  United  States,  omitting  Snake  River 117,110 

83.  Snake  River 108;2J7 

84.  Palouse  River 2,991 

85.  Clearwater  River 8,492 

86.  Salmon  River 12,959 

87.  Weiser  River 1,611 

88.  Payette  River 3,600 

89.  Boise  River 3,384 

90.  Malade  River 2,179 

91.  Henrys  Fork  and  Teton  River 3,249 

92.  South  Fork  Snake  River 5,797 

98.  Owyhee  River 10,277 

94.  Malheur  River 12,737 

95.  Grand  Ronde  River 4,061 

Local  Snake  River  drainage 31,900 

Total 103,287 

Total  Columbia  River  watershed  in  the  United  States....  2»,9a 
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XIL 

PACIFIC  COAST  DRAINAOa. 

[Omitting  Columbia  River.] 

Sqaare  miles 

96.  Sacramento  River 32,000 

97.  San  Joaqnin 30,478 

98.  Klamath  River 16,682 

Local  Paoilio  drainage 77,015 

Total 156,126 

SUMMARY. 

I.  Missonri  River  Basin  above  Kansas  City 491,762 

II.  Arkansas  River  Basin  above  moath  of  Canadian  Ri  ver 145, 797 

III.  Red  River  Basin  above  month  of  Washita  River 42,254 

IV.  Pecos  itiverin  New  Mexico 32,922 

V.  Rio  Grande  River  above  El  Paso,  Tex 42, 162 

VI.  Colorado  River  Basin  in  the  United  States 248,031 

VIL  Salt  Lake  Basin s 31,935 

VIIL  Humboldt  River  Basin 30,100 

IX.  Desert  Basins 107,815 

X.  Lakes,  sinks,  etc 44,802 

XL  Colnmbia  River  in  the  United  States 220,347 

XII.  Pacific  coast  drainage,  besides  Colnmbia  River 156, 125 

Entire  area  of  that  section  of  the  United  States  between  Pacific  Ocean 

and  points  on  Atlantic  flowing  streams  designated  in  above  list 1, 594, 052 

Omitting  Pacific  coast  streams  and  Columbia  drainage,  except  Snake 

River : 273,233 

Gives 1,320,817 


IKDSX  TO   FORBOOINO  RBPORT   OF   CAPT.   HIRAM  M.   CHnTBNDBN,  CORPS    OF  XNOI- 
NEKBS,  UPON  BZAMIKAHON  OF  RESERVOIR  SITES  IN  WYOMING  AND  COLORADO. 

Alb,  river  in  Germany,  reservoirs  upon 2860 

Albert  Nyanza,  Lake,  in  Africa 2848 

Alluvial  rivers,  effect  of  reservoirs  on  regimen 2893 

Appropriations  recommended  for  reservoir  construction 2844, 2878 

river  and  harbor,  distributed  by  States,  for  1897-98 2876, 2878 

Area  of  arid  regions 2875 

Arid  regions,  annual  depth  of  run-off  in 2875 

ftreaof 2875 

cost  of  reservoir  system  in 2873,2875 

list  of  watersheds  in 2914 

percentage  of  stream  flow  to  be  stored  in 2873,2874,2910,2912 

reservoirs  in 2864,2872 

time  required  to  develop  reservoir  system  in 2875 

Artificial  reservoirs 2849 

Baikal,  lake  in  Siberia 2848 

Bear  River  diverted  in  Wyoming 2869 

Bear  Valley  Dam 2825 

Bed  of  river,  flood  effects  on 2902 

Bever  Reservoir,  in  Germany 2854 

Bighorn  Mountains 2883 

Big  Thompson  River 2840,2841 

Blaisdell,  A.  H.,  mentioned 2820 

Boise  River,  Idaho,  storage  of  water  on 2912 

Bond,  Fred,  report  of,  upon  survey  of  sites 2820,2834,2883 

Soyd  Lakes,  Colorado 2840 

Caehe  Ik  la  Poudie  River 2840,2841 

storage  of  water  on 2873 
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Cftpaoity  of  Cload  Peak  R«MTvoir 2836, 2842, 2Sn,  3884 

Lake  De  Smet  ReMrvoir 2835,2842,2877,2886 

Laramie  Reeervoir 2829,2842,2877 

LoYeland  ReeervoiT 2840,2842,2878 

Piney  Reseryoir 2836,2842,2877,2885 

South  Platte  Reservoir 2837,2842,2878 

Sweetwater  Reeerroir , 2833,2842,2877 

Carpeoter,  Prof.  L.  G.,  aMistance  acknowledged 2820 

quoted  ....i 2887,2873 

Chief  of  Engineers,  approves  project  for  examination  of  reservoir  sites 2819 

letter  from,  to  Colonel  Stiokiiey 2818 

letter  from,  to  Secretary  of  War  ...« 2815,2819 

transmittal  of  report  to 2816 

Chittenden,  Captain,  designated  to  examine  reservoir  sites 2818 

examination  of  reservoir  sites  bv 2818,2819,2820 

letter  of  transmittal  to  Colonel  Stickney 2817 

Cloud  Peak  Reservoir,  capacity  of 2835,2842,2877  2884 

costof. 2838,2842,2877,2886 

Cloud  Peak  Reservoir  site,  description  of 28^,2884 

Colorado,  construction  of  reservoirs  by  State  of 2871«2908 

Combinations  of  floods  from  tributaries 2853,2887 

Como,  Lake,  in  Italy ,. 2848 

Constance,  Lake,  in  Switzerland 2848 

Contents  of  report :..    2817 

Corporations  of  companies,  construction  of  reservoirs  by 2866 

Costof  Cloud  Peak  Reservoir 2836,2842,2877,2886 

Lake  De  Smet  Reservoir 2837, 2842, 28n,  2886 

Laramie  Reservoir 2831,2842,2877 

Loveland  Reservoir 2841,2842,2878 

maintenance  of  reservoirs 2843 

Piney  Reservoir 2836,2842,2877,2886 

reservoir  construction  per  acre-foot  of  water  stored 2842 

reservoir  system  in  aria  regions 2816^2875 

South  Platte  Reservoir 2839,2842,2878 

Sweetwater  Reservoir 2833,2842,2877 

Cost  prohibits  use  of  reservoirs  for  flood  prevention 2860 

CreceiiuB,  S.  F.,  mentioned 2820 

Dahlhausen  Reservoir,  in  Germany ^4 

Dam  construction,  varieties  of • 2824,2877 

Dams,  earthen 2827 

masonry •• 2824 

rock-flll 2825 

Data,  methods  and  uses,  discharge  and  gauge,  to  Cairo 2887 

methods  and  uses,  discharge  and  gauge,  Cairo  down 2896 

Deppe,  J.  F.,  mentioned 2820 

Depression  sites  for  reservoirs 2822 

'•Devils  Gate"  on  the  Sweetwater  River 2833 

Discharge  and  gauge  data,  to  Cairo,  methods  and  uses 2887 

Cairo  down,  methods  and  uses 2895 

Drainage  system  of  the  Mississippi 2887 

Earthen  dams 2827 

hydraulic  construction  of 2828 

Ellet,  Charles,  Jr.,  on  reservoirs  and  Mississippi  floods 2861 

Engineering  methods  in  river  work 2845 

Erie,  Lake 2848 

EscondidoDam 2826 

Examination  of  reservoir  sites,  character  of  work 2819 

Flood  combinations.  Mississippi,  effect  of  reservoirs  on 8887 

effects  on  river  bed 2902 

prevention  by  means  of  reservoirs 2853,2860 

Floods 2845 

as  result  of  combinations  from  tributaries 2863,2887 

of  1856  in  IjYanoe 2864 

of  the  Missouri,  effect  of  reservoirs  on 2864,2878,2893,2894 

on  smaller  streams  of  arid  regions 280 

Fluctuations  in  levels  of  Great  Lakes 2847 

Forest  preservation  and  reservoir  construction 2869 

Freshets 2853 

Function  of  reservoirs 2846,2878 

Forens  Jteservoir  in  France 8864 
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Gaidft,  Lake,  in  ItalT 2848 

GkkTonne  River,  floods  in,  can  not  be  controlled  by  reseryoirs 2858 

Gauge  and  discharge  data,  to  Cairo,  methods  and  uses 2887 

Cairo  down,  methods  and  uses 2895 

Geneva,  Lake,  in  Switzerland 2855,2856 

Geology  of  Laramie  Basin 2881 

Government  and  irrigation  works 2871 

and  reservoiroonstruotion '2816, 2820, 2868, 2872, 2877, 2878 

Grazing  lands,  future  disposition  of 2870 

Great  Lakes,  area  of 2847,2848.2860 

fluctuation  of  levels  in 2847,2848 

reservoir  aetion  of 2884 

Greeley  Colony 2840 

Green,  Mrs.  Laura  8.,  mentioned 2820 

Guillcraaine,  P.,  quoted 2861 

Humphreys  and  Abbot,  on  reservoirs  and  Mississippi  floods 2861 

Huron,  Lake 2848 

Irrigation  in  arid  regions,  importance  of 2864 

demand  of  water  for 2873,2910,2912 

district,  reservoir  construction  by 2868 

reservoirs  for 2852,2864,2878 

works  and  the  General  Government ,  2871,2878 

Jane  rise  in  Missouri  River 2864,2878 

Knight,  Prof.  W.  C,  quoted 2881 

Knhl,  E.,  mentioned 2820 

Lake  DeSmet  Reservoir,  capacity  of 2835,2842,2877,2885 

cost  of 2837,2842,2877,2886 

Lake  de  Smet  Reservoir  site 2823,2835,2885 

Lakes,  influence  of,  upon  stream  flow 2849 

list  of,  in  various  parte  of  the  world 2848 

La  Mesa  Dam 2828 

Laramie  Basin,  geology  of 2881 

Laramie  Reservoir,  capacity  of 2829,2842,2877 

cost  of w 2831,2842,2877 

referred  to 2867 

Laramie  Reservoir  site 2823,2828,2843,2881 

Laramie  River,  discharge  of. 2830,2882 

diverted  in  Colorado 2869 

sediment  in 2823 

watershed  of 2829 

Letter  from  Chief  of  Engineers  to  Colonel  Stickney 2818 

from  Elwood  Mead,  on  percentage  of  water  to  be  stoi  ed 2910 

from  F.  J.  Mills,  on  percentage  of  water  to  be  stored 2912 

of  transmittal.  Captain  Chittenden  to  Colonel  Stickney 2817 

of  transmittal.  Colonel  Stickney  to  Chief  of  Engineers 2816 

Levels  of  Great  Lakes,  fluctuations  in 2847,2848 

Lohman,  William  L.,  mentioned 2820 

Loire  Ri  ver,  floods  in,  may  be  controlled  by  reservoirs : 2858 

Loveland  Reservoir,  capacity  of. 2840,2842,2878 

cost  of 2841,2842,2878 

referred  to 2867 

Loveland  Reservoir  site,  criticism  upon 2844 

description  of 2840 

prior  rif^hts  and  complications 2841 

Low  water  m  streams,  evils  resulting  from 2845 

Maggiore,  lake  in  Italy 2848 

Maintenance  of  reservoirs,  cost  of 2849 

Maltby,  F.  B.,  report  of,  upon  reservoir  surveys 2820, 2879 

Mason^^dams 2824 

Mead,  Elwood,  aasistanoe  acknowledged 2820 

letter  from 2910 

quoted 2870,2874 

Methods  of  river  engineering 2845 

Michigan,  Lake 2848 

Mills,  F.  J.,  letter  from 2912 

Miseiseippi  above  Miseouri,  influence  of  lakes  upon 2849 

ratio  of  minimum  to  maximum  discharge 2847,2849 

watershed  and  discharge  of 2846 

Miseissippi  drainage  system 2887 

Miniasippi  flood  combinations,  effect  of  reservoirs  on •••    2887 
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lOfiiMippl,  floods  in 3861 

lower  swamp  basins S896 

OTerflow • 2887 

nservoir  system 2822,2851 

swamp  Teeerroirs 2904 

Mississippi  watershed,  reservoirs  on 2883 

Missouri  floods,  effect  of  reservoirs  on 2864,2878,2893 

Missouri,  ratio  of  minimum  to  maximum  discharge 2847,2849 

watershed  and  discharge  of 2846 

Missouri  watershed,  reservoirs  on 2864 

Msta  and  Volga  reservoir  system 2822,2850 

Natural  lakes  as  reservoir  sites 2821,2846 

Natural  reservoirs 2846 

Neucbatel,  Lake 2848 

Newell,  F.  H.,  assistance  acknowledged 2820 

Niagara  River  compared  with  other  streams «..    2846 

ratio  of  minimum  to  maximum  discharge 2847 

watershed  and  mean  discharge  of 2846 

North  Platte  River  and  Laramie  Reservoir 2890^2882 

Nvassa,  Lake 2848 

Ohio  Canal  sorveys 2863 

Ohio,  reservoirs  in 2862 

Ohio  River  controls  Mississippi  floods 2862 

ratio  of  minimum  to  maximum  discharge 2847,2849 

watershed  and  mean  discharge  of 2846 

Ontario,  Lake 2848 

Open  valley  reservoir  sites •••    2821 

Otay  Dam 2826 

Overflow,  Lower  Mississippi 2887 

Percentage  of  run-off  necessary  to  be  stored 2873,2874,2910^2912 

Finey  Creek  dams 2828 

description  of..: 2883 

discharge  of 2834,2884 

necessity  of  reservoirs  upon 2834,2843,2884 

leserroirs 2834.2867,2883 

reservoir  system,  time  required  for  oonstr uction 2844 

sediment  in 2823 

sites,  prior  rights  to 2836,2906 

system  recommended  for  flrst  consideration  in  Wyoming 2843 

waste  flow  of 2884 

Piney  Reservoir,  capacity  of 2835,2842,2877,28^ 

costof 2886,2842,2877,2886 

referred  to 2^ 

Piney  Reservoir  site 2821 

description  of 2835,28K 

Po^  the,  influence  of  lakes  upon 2849 

Private  agencies,  reservoirs  constructed  by 2866 

Public  agencies,  reservoirs  constructed  by 2866 

Public  character  of  streams 2867 

Public  lands,  improved  by  reservoir  construction 2870 

cession  of,  to  States 2870 

Recommendations  in  regard  to  reservoir  sites 2843 

Regimen  of  alluvial  rivers,  effect  of  reservoirs  on 2893 

Report  on  examination  of  reservoir  sites,  contents  of 2817, 2820 

Reservoir  construction,  appropriations  recommended  for 2844, 2878 

in  arid  regions,  annual  return  for 2876 

in  arid  regions,  cost  of 2878»^ 

in  arid  regions,  cost  per  year,  distributed  by  States 2876 

by  corporations 2866 

flnal  when  once  done 2877 

by  General  Government 2816,2820,2808,2872,2877,2878 

by  irrigation  districts 2868 

by  private  individuals - 2866 

by  the  States 2868,2878 

to  prevent  Mississippi  floods  prohibited  by  cost 2863,2878 

"Reservoir"  defined 2846 

Reservoirs  in  arid  regions,  influence  on  precipitation 3865 

necessity  for 2864,2872,2878 

primary  motive  for  construction 2816 


APPENDIX  P  P — REPORT   OP   LIEUT.  COL.  CHITTENDEN.     2921 

Page. 

Bo00rToin,  wtifloiAl 2849 

for  cftnala 2862 

Beservoin,  in  Colorado,  built  by  State 2871,2908 

effect  on  flow  of  riven 2816 

effect  on  Mlaeiasippi  flood  combinations 2887 

effect  on  Missouri,  Mississippi,  and  Ohio  floods 2893 

effect  on  regimen  of  allnvial  livers 2893 

and  flood  prevention .• 2852,2860 

function  of 2845,2878 

for  industrial  purposes 2852 

for  irrijfation 2852,2864,2878 

on  Mississippi  watershed 2863 

on  Missouri  watershed 2864 

for  municipal  purposes 2852 

natural 2846 

T>ermanent  character  of 2872 

Ui  Russia 2822,2850 

at  sources  of  the  Mississippi 2822,2851 

■wamp,  Lower  Mississippi 2895 

use  of  water  from,  to  be  governed  by  local  regulations 2872, 2878 

for  water  from  wells,  springs,  etc 2824 

water  stored  by,  should  be  free  to  people 2872,2878 

will  remove  perplexing  problems  in  irrigation « 2911 

Reservoir  sites,  acquisition  of 2872 

classification  of 2821,2877 

examined,  list  of 2819 

near  State  lines 2869 

title  to  and  jurisdiction  of 2872,2878 

In  Wyoming  and  Colorado,  cost  of 2842 

Reservoir  system  in  arid  regions,  annual  cost  of 2875, 2876, 2878 

time  required  to  develop 2875 

Rhine,  the,  influence  of  laices  upon 2849 

Rhone  River,  flood  of  1856  upon 2853,2855 

River  bed,  flood  effects  on 2902 

River  and  harbor  appropriations  distributed  by  States  for  1897  and  1898..  2876, 2878 

Rivers  and  harbors,  annual  expenditure  on 2876,2878 

Rock-till  dams 2825 

Runoff,  annual  depth  o^in  arid  regions 2875 

Russian  reservoirs 2822,2850 

Saint  Clair,  Lake 2848 

St.  Francis  Basinandflood  combinations 2854 

reservoir  possibilities  of 2863,2906 

St.  Lawrence  Kiver  as  modified  by  the  Great  Lakes 2846 

Saone  Valley,  reservoir  action  of. 2856 

Schindler,  v.,  mentioned • 2820 

Schuyler,  J.  D.,  assistance  acknowledged 2820 

Secretary  of  War,  letter  from  Chief  of  Engineers  to 2815,2819 

Seddon,  James  A.,  monograph  on  Mississippi  floods 2821, 2862, 2887 

on  St.  Francis  basin  as  a  reservoir  for  Mississippi  floods 2863, 2906 

Sedimentary  deposit  in  reservoirs 2823 

Senate  Committee  on  Irrigation,  quoted 286 1 

South  Platte  Dam 2828,2837 

South  Platte  Reservoir 2837,2867,2871 

cost  of 2839,2842,2878 

time  required  for  construction 2844 

South  Platte  Reservoir  site,  description  of 2837,2879 

prior  rights  to 2839 

recommended  for  first  consideration  in  Colorado 2843, 2878 

referred  to 2821 

South  Platte  River,  in  Colorado  and  Nebraska 2869 

discharge  of  South  Fork  of 2839, 2880 

sediment  in 2823 

State  construction  of  reservoirs  in  arid  regions 2868,2878 

State  reservoirs  in  Colorado .' 2871,2908 

States,  cession  of  public  lands  to 2870 

financial  resources  of 2870 

reservoir  construction  by 2868,2878 

Stickney,  Colonel,  letter  from  Chief  of  Engineers  to 2818 

letter  of  transmittal  to  Chief  of  Engineers 2816 


il:  '• 


i! 


2922     BEPOBT  OF  THE  CHIEF   OF   ENG1NEEB8,  U.  8.  ARMY. 

Stream  flow,  iminilftriiiM  of 9846 

percentage  to  be  stored 2873,2874,2910,2912 

Btreama,  interstate  oharaoter  of 28G9 

pnbiio  character  of ••    2867 

of  Wyoming,  discharge  of 2911 

Snmmarvof  report  on  reservoir  sites 2877 

Sumner,  Horace  ▲.,  assistance  acknowledged 2820 

letter  from,  on  Colorado  State  reservoirs 2906 

quoted 2880 

Saperior,  Lake 2848 

Snrveys  of  reservoir  sites,  methods  emi>loyed 2879 

Swamp  basins  of  the  Lower  Mississippi 2896 

Swamp  reservoirs,  Lower  Mississippi 2904 

Sweetwater  (Wyo.)  Dam 3828,2833 

Sweetwater  (Wyo.)  reservoir 2821,2828,2867 

:    i  costof 2833,2842,2877 

Sweetwater  (Wyo.)  Reservoir  site,  criticism  upon 2844 

description  of 2833;  2883 

railroad  occnpanoy  of • 2834 

Sweetwater  (Wyo.)  River,  sediment  in 2823 

Sweetwater  (Wyo.)  watenhed  and  discharge 2834 

Tabor,  £.  F.,  quoted 2836 

Tanganyika,  Lake 2848 

Temay  Reservoir  in  France 2864 

Time  required  to  develop  reservoir  system  in  arid  regions 2875 

Titicaca,  Lake 2848 

Title  to  andjurisdiction  of  reservoir  sites 2872,2878 

Uniformly  of  stream  flow 2846,2846 

Uva  gauging  station  on  Laramie  River 2830 

Victoria  Nyanza,  Lake .' 2848 

Volga  and  Msta  reservoirs 2822,2850 

Warren,  (}en.  G.  K.,  on  Mississippi  reservoirs 2851 

'  {  Water  as  a  commodity 2867 

of  reservoirs  should  be  free 2872^2878 

value  of,  per  acre-foot 2875 

Watersheds  of  arid  regions,  list  of 2914 

Weiser  River,  Idaho,  storage  of  water  on 2913 

Williams, E.D., mentioned. 2820 

Wyoming  Development  Company,  reservoir  constructed  by 2833 

reservoir  proposed  by 2867 

Wyoming,  discharge  of  streams  of 2911 

Tellowstone,  Lake 2822,2848 

Yellowstone  Riyerp  the,  influence  of  lake  npon. 2849 


APPENDIX  QQ. 


SURVEY  OP  SHAG  BOCKS,  ARCH  ROCK,  BLOSSOM  ROCK,  TWO  MISSION 
ROCKS,  AND  ANITA  ROCK,  SAN  FRANCISCO  HARBOR,  CALIFORNIA. 


BEPOBT  OF  COL.  CHA8.  B,  8UTEB,  CORPS  OF  ENGINEEB& 
[Printed  in  Hoom  Doo.  No.  105,  Fifty-fifth  CongreM,  second  Madon.] 


letter  of  the  chief  of  engineers. 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
WtMhingtoUy  D.  C,  December  1, 1897. 

Sm:  I  have  the  honor  to  submit  the  accompanying  copy  of  report  of 
October  13, 1897,  with  map,*  by  Ool.  Charles  E.  Snter,  Corps  of  Bngl- 
neers,  of  the  results  of  surveys  of  Shag  Bocks,  Arch  Bock,  Blossom 
Bock,  Two  Mission  Bocks,  and  Anita  Bock,  aU  in  San  Francisco  Har- 
bor, California. 

These  surveys  were  made  to  comply  with  requirements  of  the  river 
and  harbor  act  of  June  3, 1896,  and  the  estimated  cost  of  removal  is  as 
follows: 

Anita  Rook,  to  depth  of  SO  foot  below  mean  low  water $253,080 

Arch  Rocky  to  depth  of  30  feet  below  mean  low  water 503,040 

Shae  Rocks : 

No.  lyto  depth  of  30  feet  below  mean  low  water 76,000 

No.2y  to  depth  of  30  feet  below  mean  low  water 59,580 

Blooeom  Rock,  to  depth  of  30  feet  below  mean  low  water 92, 600 

Two  Mission  Rocks : 

Mission  Bay  Kock,  to  depth  of  26  feet  below  mean  low  water 112, 000 

Sonoma  Rock,  to  depth  of  25  feet  below  mean  low  water 10, 000 

Total 1,106,300 

It  will  be  observed  that  Colonel  Suter  states  that — 

If  this  work,  or  any  part  of  it,  should  be  undertaken,  it  would  undoubtedly  be 
necessary  to  make  contracts  for  the  entire  completion  of  each  rock  by  itself.  The 
amount  to  be  appropriated  at  any  one  time  should  therefore  be  the  entire  estimate 
for  at  least  one  of  these  rocks. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen,j  Chief  of  Engineered 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 

*Not  reprinted.    Printed  in  House  Doc.  No.  105,  Fifty-flfth  Congress,  second 
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REPORT  OF  OOL.  0HA8.  R.  SUTBR,  CORPS  OF  ENGINEERS. 

United  States  Engineer  Office, 

San  FranciscOy  CaU,  October  13^  1897. 

General:  I  have  the  honor  to  submit  the  following  report  on  the 
snrvey  of  certain  rocks  in  San  Francisco  Harbor,  made  in  accordance 
with  the  provisions  of  the  river  and  harbor  act  of  June  3, 1896,  and  yoor 
instructions  of  September  5, 1896.  Owing  to  the  great  exposure  of  the 
site  of  several  of  these  rocks,  the  labor  of  making  the  surveys  has  been 
considerable,  as  only  certain  stages  of  the  tide  and  favorable  weather 
were  available  for  the  work.  The  field  work  has  been  in  charge  of 
Assistant  Otto  von  Geldero ;  the  office  work  has  been  done  by  Assist- 
ants von  Oeldern  and  Le  Gonte. 

By  referring  to  plate  1  of  appended  drawings,  the  relative  position 
of  these  rocks  to  each  other  and  to  the  usual  channels  of  navigation 
may  be  noted.  Anita  Eock  is  about  a  mile  inside  of  Fort  Point,  and 
just  o£r  the  shore  of  the  Presidio  Eeservation.  Arch  and  Shag  rocks 
lie  between  Alcatraz  Island  and  Point  Cavallo ;  Blossom  Bock  is  ^tween 
Alcatraz  and  Yerba  Buena  islands,  while  the  Two  Mission  Kocks,  So- 
noma and  Mission  Bay,  lie  near  the  wharves  of  the  city  off  Mission  Bay. 

In  the  estimates  which  follow,  the  quantities  of  rock  to  be  removed 
are  based  on  a  proposed  depth  over  the  rocks  of  30  feet  at  mean  low 
water,  this  being  the  least  which  it  is  thought  would  safely  meet  the 
present  and  prospective  needs  of  commerce.  In  the  case  of  the  Two 
Mission  Hocks  a  less  depth  has  been  used,  for  reasons  stat^.  The 
estimated  cost  of  $20  per  yard  for  removal  may  seem  high;  but  in  view 
of  the  exposed  position  of  most  of  these  rocks,  which  would  render 
such  work  both  difficult  and  tedious,  I  do  not  think  it  safe  to  make  the 
estimate  any  less. 

ANITA  BOOK. 
(Plates.)* 

This  rock  is  situated  in  a  bight  of  the  shore  line,  about  a  mile  east  of 
Fort  Point  and  some  300  yards  ^m  the  shore  of  the  Presidio  Reser- 
vation.   It  is  awash  at  low  water,  and  is  marked  by  an  iron  spindle 
beacon  and  a  buoy  on  the  harbor  side*    It  is  entirely  out  of  the  usaal 
track  of  vessels,  which,  however,  occasionally  get  onto  it,  as  is  e?i- 
denced  by  the  fact  that  the  iron  spindle  has  been  several  times  knocked 
down.    The  recent  survey  shows  the  rock  to  consist  of  several  isolated 
pinnacles.    The  whole  area  within  the  30-foot  contour  measures  33,914 
square  feet.    The  rock  is  very  hard,  but  its  position  is  reasonably 
sheltered.    The  quantity  of  rock  above  the  plane  of  30  feet  at  mean 
low  water  is  12,654  cubic  yards,  which,  at  $20  per  cubic  yard,  would 
cost  for  removal  $253^080. 

ABOH  BOOK. 

(Plate  3.)* 

This  is  a  bold,  high  rock,  standing  30  feet  above  low  water,  sod  is 
very  conspicuous.  It  is  situated  about  two-thirds  of  a  mile  west  of 
Alcatraz  Island  and  half  a  mile  north  of  the  regular  chart  coarse  fo^ 
lowed  in  entering  the  harbor.  The  tide  sets  very  strongly  against  it^ 
and  in  foggy  weather  or  with  unfavorable  winds  vessels  have  be^  ^ 
quently  wrecked  or  injured  by  coming  in  contact  with  it.  The  sain^ 
however,  might  be  said  of  Alcatraz  Island,  which  has  been  the  scene  d 
many  disasters. 

•Not  printed. 
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The  area  of  the  rock  inclosed  by  theSOfoot  contonr  is  fully  1.6  acres, 
and  from  its  exposed  sitaatlon  the  work  of  removal  would  probably  be 
very  difficult.  The  volume  of  rock  above  the  plane  of  30  feet  below 
mean  low  water  is  25,152  cubic  yards,  of  which  1,025  are  above  the  low- 
water  plane.    The  cost  of  removal  at  $20  per  cubic  yard  is  $503|040. 

SHAG  BOOKS. 
(Plate  4.)* 

There  are  two  of  these  rocks,  which  are  designated  as  1  and  2.  No.  2 
was  developed  by  the  recent  survey. 

Shag  Kock  No.  1  lies  in  the  track  of  the  ferryboats  plying  between 
San  Francisco  and  Sausalito.  It  is  a  small  pinnacle  rising  4  feet  above 
high  water  and  surrounded  by  deep  water.  It  was  surveyed  by  Colo- 
nel Mendell  in  1875,  and  the  recent  survey  only  extended  somewhat 
the  area  covered.  The  total  quantity  of  rock  to  be  removed  down  to  a 
plane  30  feet  below  mean  low  water  is  3,800  cubic  yards,  which,  at  $20 
per  cubic  yard,  would  cost  $76,000. 

Shag  Kock  ^o.  2  was  developed  by  the  recent  survey.  It  has  an  area 
twice  as  large  as  No.  1  and  only  17  feet  of  water  above  it  at  mean  low 
tide.  It  lies  E.  by  S.  ^  S.  from  No.  1,  and  is  about  250  feet  distant. 
If  No.  1  is  removed,  it  would  be  essential  to  remove  No.  2,  which  would 
otherwise  remain  a  dangerous  hidden  obstruction. 

The  total  quantity  of  rock  to  be  removed  above  the  plane  of  30-foot 
depth  at  mean  low  water  is  2,979  cubic  yards,  which,  at  $20  per  yard, 
would  cost  $59,580. 

The  combined  cost  of  removing  the  two  Shag  Bocks  would  therefore 
be  $135,580.  The  situation  is  much  exposed,  as  in  the  case  of  Arch 
Kook. 

BLOSSOM  BOOK. 
(Plate  5.)» 

This  rock  has  been  a  menace  to  navigation  ever  since  the  earliest 
history  of  the  harbor.  It  was  removed  to  a  depth  of  24  feet  at  mean 
low  water  in  1869  and  1870  by  Major  Williamson,  of  the  Corps  of  Engi- 
neers. This  depth  was  at  that  time  supposed  to  be  ample,  but  the 
increasing  draft  of  vessels  has  again  rendered  it  dangerous.  At 
extreme  low  tides  there  is  only  a  depth  on  it  of  21  or  22  feet,  and  as  it 
lies  directly  in  the  track  of  vessels  bound  down  from  Port  Costa,  sev- 
eral ships  have  struck  it  and  been  injured.  In  consequence,  it  is  now 
buoyed  and  carefully  avoided  when  practicable.  To  cut  the  rock  down 
to  a  plane  30  feet  below  mean  low  water  will  require  the  removal  of 
4,d30  cubic  yards  of  rock,  which,  at  $20  per  cubic  yard,  will  cost  $92,600. 

TWO  MISSION  BOOKS. 
(Plates  6,  7,  and  8.)* 

These  two  rocks,  named,  respectively,  Sonoma  (pi.  7)  and  Mission  Bay 
(pi.  6)  rocks,  lie  not  far  apart  and  close  to  the  city  wharves,  off  Mission 
Bay.  As  they  are  right  in  the  track  of  vessels  and  have  only  13  feet 
depth  on  them  at  low  water,  they  are  very  dangerous  obstructions  and 
have  caused  many  accidents.  Both  are  now  buoyed.  They  are  high 
points  on  an  extensive  rock  ledge  extending  out  into  the  harbor,  and 

*  Not  printed. 
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the  great  extent  of  this  ledge  and  the  comparatively  shallow  water  over 
it  preclude  the  removal  of  these  rocks  to  more  than  the  general  level  of 
the  ledge  in  their  vicinity  at  any  reasonable  cost.  For  this  reason  the 
estimates  are  based  on  the  removal  of  Mission  Bay  Bock  to  26  feet 
below  mean  low  water  and  Sonoma  Bock  to  a  depth  of  25  feet  below 
the  same  plane. 

By  reference  to  plate  8,  it  will  be  seen  that  Sonoma  Bock  lies  within 
the  pier-head  lines  approved  by  the  Secretary  of  War.  Mission  Baj 
Bock  lies  bat  slightly  outside  of  this  line,  and  by  a  slight  shifting,  shown 
on  the  plate,  both  rocks  could  be  brought  within  the  pier-head  Unes  and 
the  necessity  of  their  removal  obviat^. 

To  remove  Mission  Bay  Bock  to  a  depth  of  26  feet  below  mean  low 
water,  5,600  cubic  yards  of  rock,  at  $20  per  yard,  $112,000,  and  Sonoma 
Bock  to  a  depth  of  25  feet  below  mean  low  water,  500  cubic  yards,  at 
$20  per  yard,  $10,000,  making  for  the  two  rocks  $122,000. 

Summarif  of  e$Hmate9, 

Anita  Rook $2S3,m 

ArohRook 608,040 

Shag  Rooks,  Nos.  1  and  2 136,580 

BloefeomRock 98,000 

Two  Miaaion  Rooks 122,000 

Total 1,106,300 

If  this  work,  or  any  part  of  it,  should  be  undertaken,  it  would  undoubt- 
edly be  necessary  to  make  contracts  for  the  entire  completion  of  each 
rock  by  itself.    The  amount  to  be  appropriated  at  any  one  time  shoold 
therefore  be  the  entire  estimate  for  at  least  one  of  these  rocks. 
Very  respectftilly,  your  obedient  servant, 

Ghas.  B.  Suteb, 
Colonel  of  Unjfineen* 
Brig.  Oen.  John  M.  Wilson, 

Okitf  of  Engineer 9^  U.  8.  Am 
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IlfFKOVEMENT  OP  RIVERS  AND  HARBORS  IN  CALIFORNIA  SOUTH  OF 

BAN  FRANCISCO. 


BEPOBT  OF  MAJ.  CRA8.  E.  L.  B.  DAVIS,  CORPS  OF  ENGINEERS,  OFFICER 
IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  SO,  1898,  WITH 
OTHER  DOCUMENTS  RELATING  TO  THE  WORKS. 


IMPROVSMBNTS. 


1.  San  Diego  Harbor,  California. 

2.  Deep-water  harbor  at  San  Pedro  Bay, 

California. 


3.  Wilmington  Harbor,  California. 

4.  San  Lnia  Obispo  Harbor,  California. 


TJnitbd  States  Engineer  Oppiob, 

Scm  FrancisoOy  Cal.j  July  J2, 1898, 

Oenbral:  I  have  the  honor  to  transmit  herewith  my  annual  reports 
apon  the  works  of  river  and  harbor  improvements  under  my  charge  for 
the  fiscal  year  ending  June  30, 1898. 

Very  respectfiiUy,  your  obedient  servant, 

Ohas.  E.  L.  B.  Dayis, 
Major ^  Corps  o/UngineerSm 
Brig.  Gten.  John  M.  Wilson, 

Chief  of  Engineers^  U.S.  A. 


RRz. 

mPROVEMENT  OF  SAN  DIEGO  HARBOR,  CALIFORNIA. 

No  work  was  done  at  this  harbor  during  the  fiscal  year  ending  June 
30,1898,  the  contracts  providing  for  the  expenditure  of  the  funds  appro- 
priated by  the  act  of  June  3, 1896,  having  been  completed  during  the 
previous  year. 

The  jetty  has  now  been  brought  up  to  a  high-tide  level  for  a  distance 
of  3,347  feet,  and  a  foundation  course  of  brush  and  stone  laid  645  feet 
further,  or  to  a  distance  of  3,992  feet  from  shore.  There  has  been  some 
settlement,  but  on  the  whole  the  work  stands  well.  There  is  now  an 
svaUable  depth  of  21  feet  at  mean  low  tide. 

It  was  intended  to  make  a  complete  survey  last  fall,  covering  the  bar, 
'Che  channel,  and  the  middle  ground,  so  as  to  note  the  changes  effected 
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by  the  works,  bat.it  haviug  been  announced  in  the  colamns  of  the  daily 
press  that  the  United  States  Ooast  and  Geodetic  Survey  was  abont  to 
make  a  complete  resorvey  of  this  harbor,  no  survey  was  made  by  this 
office,  in  order  to  avoid  useless  duplication  of  work.  A  survey  should 
be  made  before  work  is  resumed. 
The  total  amount  expended  to  June  30, 1898,  is  $289,741,35. 

Money  statement 

July  1, 1897.  balance  nnexpended $3,784.fW 

Jim6  30, 1898,  amount  expended  during  fiscal  year 36.25 

July  1, 1898,  balance  unexpended 2,758.65 

{Amount  (estimated)  required  for  completion  of  existing  project 184, 400.00 
Amount  that  can  be  profitably  expended  infiscalyear  ending  June  30, 1900  184, 400. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  ciyil  act  of  Jane  4, 1897. 


Am4nMt  and  daU  of  M  apprapHatUnu  for  the  work* 


Maroh3,1875 $80,000 

March  8, 1879 1,000 

August  11, 1888 1,000 

September  19, 1890 60,600 

July  13, 1892....;^ 50,000 


August  18, 1894 $50,000 

June3,1896 50,000 

Total 292,600 


I  i 


y    i 


Cfommordal  MtatisHeifor  ike  year  ike  improvememt  hegam. 


Yeneli. 

TnA^ 

Sntored ....••••.. ••.•••••...•• 

JTo. 

aoi 

U6 

Am. 

Cleared 

11.10 

The  vessels,  including  109  steamers,  had  an  aggregate  tonnage  of  122,311  tons. 

Commercial  etaUetiosfor  ike  year  ending  December  SI,  1SS7. 
[FamlBhed  by  ooUeotor  of  cnstoms  si  San  Diego,  CaL] 


Veaiela: 
Steam.. 
Sailing. 


Total 


Tonnage 

Draft,  greatest feet. 

Merchandise,  general tons. 

Coal do. 

Lumber fiset. 


Total  amount  of  fireight  entered  and  cleared  in  1876 96»j^ 

Total  amount  of  freight  entered  and  cleared  in  1897 14^^ 


Increase 

Ko  new  lines  of  transportation  were  established  during  tho  year. 
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DEEP-WATEB  HABBOB  AT  SAN  PEDBO  BAY,  CALIFOBNIA. 

The  Board  of  Engineers,  provided  for  by  the  river  and  harbor  act 
of  June  3y  1898,  having  decided  in  favor  of  constructing  tbe  deep  water 
harbor  for  commerce  and  of  refuge  at  San  Pedro  Bay,  California,  bids 
Avere  solicited  by  public  advertisement  and  opened  February  10,  1898. 
These  bids,  together  with  an  abstract  of  the  same,  were  forwarded 
February  12,  1898,  but  up  to  the  close  of  the  fiscal  year  ending  June 
30, 1898,  no  award  of  the  contract  has  been  made. 

For  the  full  report  of  the  Board  with  its  accompanying  docnmentS| 
see  Senate  Doc.  ^o.  18,  Fifty-fifth  Congress,  first  session. 

Money  statement. 

July  1, 1897,  balance  nnezpendcd *$14, 144.66 

Amonnt  appropriated  by  sundry  civil  act  approved  Jnly  1, 181*8 400, 000. 00 

Jnly  1,1898,  balance  nnezpended 414,144.66 

July  1, 1898,  outstanding  liabilitiea 177.27 

Jnly  1, 1898,  balance  available 413,967.38 


{Amount  that  can  be  profitably  expended  in  fi^al  year  ending  June  30, 1 900  400, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
barber  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Abstract  of  hids  for  oonatruction  of  breakwater  at- San  Pedro,  Cal.,  received  in  reiponaeto 
advertisement  of  December  10,  1897,  and  opened  at  San  Francisco,  Cat.,  at  12  m.,  Feb- 
ruary  10,  1898,  by  MaJ.  Chas,  F,  L,  B,  Davis,  Corps  of  Engineers. 


Ktme  and  addroM  of  bidder. 

Foundation  course  (136,020  tons). 

m 

Furnishing  own  ma« 
teriol. 

San  Clemente  Island 
stone. 

Price. 

TotaL 

Price. 

TotaL 

1 

Knapp  iL  Gillen  and  Leathern  &  Smith,  Baoine, 

• 

$L07 
.65 

.54* 

$145. 541. 40 

2 
8 

Hineston  A  Svlveeter,  Buffalo,  N.  Y 

Heldmaier&li^ea,  Chicaeo,  JIl 

$0.70 
.63 
.70 
.64 
.05 
2.00 
.R2 
.92 
.87 
1.19^ 
.89 
.83 

.85 

$05,214.00 
85,692.00 
107, 466. 80 
87,062.80 
129,219.00 
272,040.00 
111,536.40 
125,138.40 
118,337.40 
162,543.00 
121,057.80 
112.896.60 
119,280.54 
115,617.00 
116,617.00 

88, 413. 00 
74, 180. 90 

4 

Smith  H.  Mallorv.  Chariton.  Iowa 

5 

Rndolf  Axman.  San  Pedro.  Cal 

6 

7 
8 

Califomia  Conntraction  Co.,  San  Francinco.  Cal. 
The  National  Constrncting  Co.,  New  York  City. 
Griffitba  Sc  McDermott.  Chicago.  Ill - 

.87 

.90 
.78 
L08i 
•88fl^ 

118,837.40 

132, 619. 50 

99,294.60 

9 

Grattan  &  Jenninsa,  New  York  Citv 

122, 418. 00 

10 
11 

Hill,  Abbot, O'Meara  A  Gamble,  St.  Loais,  Mo.. 
Jacob  Fridav  &  Sons.  Pittabure.  Pa 

106,095.60 
147. 681. 70 

12 
13 

Macdonald,  Killebrew  &  Co.,  St.  Lonia,  Mo 

Warren,  Malley  A  Day,  San  Francisco,  Cal 

W.  L,  Prather.  Jr..  Oakland.  Cal 

121,044.20 

u 

.83 
.00 

105, 687. 54 

15 
16 

Hale  A  Kem  ConBtniotion  Co.,  Portland,  Oreg . 
William  T.  Gavnor,  Favetteville,  N.  Y 

108,816.00 
112,80C60 

17 

J,0.  Bnll.  irr.  Areata.  Cal. 

184,660.80 

*  Tbe  remainder  of  the  appropriation  of  $50,000  made  by  tbe  river  and  harbor  act 
of  Jnne  3, 1896,  for  deep-water  barbor  at  Santa  Monica  Bay,  or  San  Pedro  Bay,  Cali- 
fomia, was  expended  by  tbe  Board  provided  for  by  said  aci. 

ENO  9S 184 
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AhBtraei  o/hidifor  eansiruelion  of  hreahwater  at  San  PedrOf  CdL,  «le.— Continiied. 

SalMtmotare  (1,038,008  toas). 


2 
8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 


2 
3 

4 
5 
6 
7 
8 
9 

lo 

11 
12 
13 
14 
15 
16 
17 


Name  and  addroM  of  bidder. 


Knapp  iL  Gillen  and  Leathern  St  Smith,  Bacine, 

Win 

Hineriton  &  8 vlvester,  Baffalo,  N .  Y 

HeliTniaier  Sl  Keo,  Chicago,  111 

Smith  H.  Mallory,  Chariton,  low* 

Rudolf  Axman,San  Pedro,  Cal 

(California  Gonstrnotion  Co.,  Han  Franciaco,Cal 
The  National  Conatrocting  Co.,  New  York  City 
Grimtha  &  McDermott,  Chicugo,  111 


Fomiahing  own  m*- 


(ning  V 
ter&. 


Price. 


Grattan  Sl  Jenninga,  New  York  City 

Hill,  Abbot.  O'Meara  Sl  Gamble,  St  LooJa,  Mo 


J  ncob  Friday  &  Sons,  Pittabnrg,  Pa . 

Macdonald,  Killebrew  Sc  Co.^t.  Looia,  Mo  ..... 
Warren,  Mnlley  Sl  Dav,  San  Franciaoo,  Cal ..... 

W.  L.  Prather  Jr.,  Oakland,  Cal 

Hale  Sl  Kern  Construction  Co.,  Portland, Greg. 

W i lllara  T.  G aynor,  Favetteyille,  N.  Y 

J.  C.Ball,Jr.,  Areata,  Cal 


10.51 
.63 
.73 
.70 
.95 

2.00 
.78 
.92 
.87 

I.19| 
.89 
.85 

.85 
.85 


TotaL 


9M8. 137.58 
1,218,169.80 
1,411,530.10 
1. 353. 522. 10 
1,836.022.85 
8,867,206.00 
1,608,210.34 
1,778,014.76 
1,682.234.61 
2,810,635.50 
1,720,006.67 
1.643.562.55 
1, 695, 769. 83 
1,643,562.55 
1,643. 502.65 


San  demento  Idaad 


$1.07 
.46 
.644 


.86 

SI* 
.72 

.90 

.78 

1.081 

.88i*J 


■ 


,77  A 
.80 
.88 
.00 


TotaL 


$2,068,065^21 

889,457.38 

1,063, 813. 44 


1,«3, 
1,885, 
1,892, 
1.740. 
1,508, 
2,007, 
1,720. 


56155 
28in 

104.11 
24170 
2ia34 
060.  H 
71111 


1.502,409.58 
1,646.882.40 
1,601,880.41 
1,014,266197 


Name  and  addreaa  of  bidder. 

Snperatraotoze  (221,025  iona). 

Fomiahing  own  nui- 
tcuXkL 

Sad  Clemente  lalaad 
atone. 

Pzioe. 

Total. 

Prioe. 

TMaL 

1 

Knapp  Sl  Gillen  and  Leathern  Sl  Smith,  Baoine, 
Wis 

18.00 

1.60 

.72 

$663,075.00 

2 

HingAton  Sl  Sylvester,  Butfalo,  N.  Y 

$L00 
1.66 
1.45 
1.03 
2.95 
2.00 
1.75 
2.00 
8.16 
l.lOi 
1.49 
8.00 
2.79 
125 
1.40 

$419,947.50 
366,901.50 
820, 486. 25 
426,578.25 
652,023.75 
442,050.00 
886,798.75 
442,050.00 
696, 4.39.  CO 
264, 124. 88 
829. 327. 25 
663,075.00 
616,659.75 
497,306.25 
829.327.25 

353,64Q.M 

8 

Heldniaier  &  Nen,  Cbicaffo.  Ill 

159,138.00 

4 

Smith  H.  Mallorv.  Chariton.  Iowa 

6 

Rudolf  A  xman.  San  Pedro.  Gal 

6 

7 
8 

California  Construction  Co.,  San  Francisco,  Cal. 
The  National  Conatmctlng  Co.,  New  York  Cily . 
Griffiths  &  McDermott.  Chicairo.  Ill .  .* 

2.90 
.971 
L70 
L75 
2.72 
1.08i 
1.48^ 

640,9719 

215.499.18 
875.74190 

0 

Grattan  St  Jennings,  New  York  City 

386.7BS.n 

10 
11 

Hill,  Abbot,  O'Meara  Sl  Gamble.  St.Xonis.  Mo.. 
Jacob  Friday  Sl  Sons.  Pittabarir.  Pa 

6U1. 188.00 
239,8111) 

12 
13 

Macdonald,  Killebrew  Sl  Co.,  St  Louis,  Mo 

Warren,  Malley  Sl  Day,  San  Frandaco,  Cal 

W.  L.  Prather,  jr.,  Oaklimd,  Cal 

329, 301  IS 

14 

2.59 

1.75 

L47 

.00 

572. 454  IS 

15 
16 

Hale  Sl  Kern  Constrnotion  Co.,  Portland,  Greg  . 
William  T.  Gavnor,  Favotteyille.  N.  Y 

886,7«L:S 
824.90«ii5 

17 

J.C.  BnU,  Jr..  Areata  Cal 

218.814)5 

Name  and  addreaa  of  bidder. 


Knapp  Sl  Gillen  and  Leathem  Sl  Smith,  Racine, 

Wis 

Hingston  St,  Sylyestor,  Butlalo,  N.  Y 

HMdraaier  Sc  Neu,  Chicago,  III .*. 

Smith  H.  Ma  lory,  Chariton,  Iowa 

Rudolf  Axman,  San  Pedro,  Cal 

California  Construction  Co.,  Sui  Franciaoo,  Cat 
The  National  Constructing  Co.,  New  York  City 

(iriffiths  Sl  McDermott,  Chicago,  111 

Grattan  Sl  Jennings,  New  York  City 

Hill,  Abbot,  O'Meara  Sl  Gamble,  St.Loni0,  Mo. 

Jacob  Friday  Sl  Sona,  Pittabnrg,  Pa 

Macdonald.  killebrew  Sl  Co.,  St.  Lonia,Mo  .... 
Warren,  M  alley  Sl  Day.  San  Franciaoo,  Cal .... 

W.L.  Prather,  jr.,  Oakland,  Cal 

Hale  &,  Kern  CouHtruction  Co.,  Portland,  Greg 

William  T.  Gaynor,  Fayetteyille,  N.  Y. 

J.  a  Bull,  Jr.,  Areata,  Cal 


Concrete  (2,370 
cabic  yarda). 


Price. 


$6.00 
7.50 
6.80 
4.00 
8.00 
5.65 
6.00 
6.50 
5.00 
6.00 
5.00 
6.00 
6.5() 
5.00 
6.00 
9.00 
9.63 


Total. 


$14,220.00 
17,775.00 
16, 116.  OO 
9.480.00 
18,960.00 
13,390.50 
14,220.00 
15,405.00 
11,850.00 
14.220.00 
11,850.00 
14,220.00 
15,405.00 
11,850.00 
14, 220. 00 
21, 330. 00 
22, 828. 10 


TotaL 


Fnmiabing 

own 
materiaL 


$1, 610, 
1.686. 
1,848. 
1.886, 
2.631, 
4.505, 
2.021, 
8.857. 
a.  613, 
2.740. 
2,185. 
2,434. 
2.443. 
2,270. 
2,100, 


074.03 
870.00 
952.24 
113.16 
56C10 
518.00 
045.40 
063.16 
aSLOl 
174.87 
61L72 
030.16 
660.12 
706.80 
836.80 


SanCleD«Bto 
Islaad 


$2,891,2-2 
1,S49,»« 

1.303,1«« 


2,41«.»; 

2,2i7,JM.5 

1,881«»; 

2,26l,nitf 
2. 229,  TUN 

2,497,2JJ 
2.185.2&* 


'2,I91<01.JJ 
2,056.1^11 

2,2«tW* 


COMMRRCIAL  STATISTICS  FOR  THE  YEAR  ENDING  DBCKMBKR  31^  1897. 

For  the  commercial  statistics,  see  report  of  Wilmington  Harbor,  CaL 
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IMPROVEMENT  OF  WILMINGTON  HARBOR,  CALIFORNIA. 

No  appropriation  had  been  made  for  this  harbor  since  1892  until  the 
river  and  harbor  act  of  Jane  3, 1896,  which  appropriated  950,000  for 
improving  the  harbor  in  accordance  with  the  project  submitted  Febru- 
ary 7, 1895,  and  authorized  the  Secretary  of  War  to  enter  into  contracts 
for  such  materials  and  work  as  miffht  be  necessary  to  complete  the 
project,  not  to  exceed  in  the  aggregate  $342,000,  exclusive  of  the  950,000 
appropriated,  but  no  such  contracts  were  to  be  entered  into  until  the 
Board  provided  for  in  the  same  act  to  determine  the  location  of  a  deep- 
water  harbor  for  commerce  and  of  refuge  as  between  Port  Los  Angeles, 
in  Santa  Monica  Bay,  and  San  Pedro  had  made  its  report  to  the  Secre- 
tary of  War,  and  not  at  all  if  such  report  should  be  in  favor  of  San 
Pedro  as  the  location  of  the  harbor. 

Owing  to  the  proviso  mentioned,  no  work  has  been  done  during  the 
fiscal  year  ending  June  30, 1898. 

The  total  amount  expended  to  June  30, 1898,  including  outstanding 
liabilities,  is  $953,539. 

Money  statement. 

Jnly  1, 1S97,  balance  unexpended $52,146.57 

Jane  30, 1898y  amount  expended  during  fiscal  year 685.57 

July  ly  1896,  balance  unexpended 5L461.00 

July  1, 1808,  outstanding  UablUties 40.00 

July  1, 1896, balanoe  ayaUable 51«421.00 


AfMuni  and  date  of  all  appropriatUmtfor  the  worh 


Marob3,1871 $200,000 

June  10, 1872 75,000 

Maroh3,1873 :....  150,000 

March  8, 1875.... 30.000 

June  18, 1878 20,000 

March3,1879 12,000 

June  14, 1880 35,000 

March  3, 1881 33,000 

August  2, 1882 100,000 


July6,1884 $50,000 

August  5, 1886 75,000 

August  11, 1888 90,000 

September  19, 1890 34,000 

July  13, 1892 51,000 

June  3,1896 50,000 

Total 1,006,000 


Commereial  BtatUtic$for  the  year  the  impravemeni  began  {1871). 


Inoomiiig. 


Ontgoing. 


TeneU: 

Steam 

Ssmiig 

TMal 

lftaii:lii. tons 

IflUIIMr.... f<Mt 


ISO 
«6. 


160 
65 


95,818 
10,888,836 


9,576 
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8iatUHe8  of  eommercefar  ike  year  ending  Deeember  SI,  189f, 
[FomiBbed  liy  the  ooUeotor  of  outoma  si  Ixm  Angela,  Gd.] 


YetseU: 
Steam.. 
BeiUng. 


Tetal 


Tonnage 

Draft,  greatest feet. 

If  erchandiee,  general tone. 

Lumber ....feet. 


Xncoming. 


MO 

173 


412 


138,070 
18.0 
6,070 
108.66Q»000 


Oatgoing. 


143 

ITS 


415 


U8,2SS 
18.1 

8.00S 


Tods. 


Total  amonnt  of  freight  entered  and  oleared  In  1871 50,069 

Total  aniouut  of  frei*$ht  entered  and  oleared  in  1897 225»675 


Increase 

No  new  lines  of  transportation  were  established  daring  the  year. 


175,616 


R  R4. 

IMPROVEMENT  OP  SAN  LUIS  OBISPO  HARBOR,  CALIFORNIA. 

On  July  1, 1897,  a  coutract  for  continaiDg  the  construction  of  the 
breakwater  was  entered  into  with  the  Oity  Street  Improvement  Com- 
pany, of  San  Francisco,  Gal.,  at  $1.99  per  ton  of  2,240  pounds.  This 
was  approved  by  the  Chief  of  Engineers  July  16, 1897.  Time  of  com- 
mencement, July  13, 1897;  time  of  completion,  January  1, 1899. 

Previous  to  this  contract  the  stone  for  the  breakwater  had  been 
obtained  from  the  quarries  at  Morro,  about  20  miles  to  the  northward 
of  Port  Harford,  and  had  to  be  towed  in  barges  by  sea.  Under  this 
contract  the  stone  was  obtained  from  a  quarry  near  San  Luis  Obispo, 
being  brought  by  rail  via  Pacific  Coast  Railway,  an  incline  2,500  feet 
long,  with  a  16  per  cent  grade  and  3foot  gauge,  being  built,  connecting 
the  quarry  with  the  railway.  The  stone  was  landed  in  cars  on  the 
wharf  at  Port  Harford,  and  thence  loaded  on  barges  and  towed  to  the 
site  of  the  work.  The  inclined  track  was  completed,  the  quarry  opened, 
and  the  water  plant  in  working  order,  so  that  actual  delivery  of  stone 
was  commenced  in  October,  1897.  The  delivery  of  stone  was  carried 
on  continuously  until  June  8, 1898,  when  the  contract  was  completed, 
22,595.73  tons  of  stone  being  placed  in  the  work,  of  which  amonnt 
2,230.57  tons  were  used  in  repairing  the  inner  breakwater  and  raising 
the  crest  to  about  10^  feet  above  low  tide;  the  remainder  of  the  stone 
was  used  in  repairs  and  in  extending  the  outer  breakwater. 

The  stone  was  not  as  good  in  quality  as  that  obtained  from  the  Mono 
qnarries,  being  more  friable  and  having  many  fine  veins  of  calcite  ran- 
ning  through  it  which  effervesced  with  acid.  Specimens  of  the  rock 
were  sent  to  the  department  of  geology  and  mineralogy  of  the  Univer 
sity  of  California,  and  the  following  professional  opinion  obtained: 

Snch  a  rock  can  not  he  considered  as  desirable  as  a  good  graniteL  but  it  is  safe  to 
say  thiit  if  the  rock  is  satisfactory  when  first  pnt  in  (i.e,y  if  it  will  withstand  tli« 
mechanical  attack  of  the  waves)  it  will  not  be  materially  aneoted  by  the  salt  wsttfi 
and  will  have  a  reasonably  long  existence. 
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Experience  in  haodliDg  tbe  rock  showed  that  it  was  apt  to  break  np, 
and  conseqaently  considerable  stooe  was  rejected. 

Experieuce  having  shown  that  the  portion  of  the  breakwater  beyond 
Whaler  Island  was  sabjected  to  a  very  heavy  sea,  knocking  over  some 
of  the  heaviest  stone  and  sluing  the  end  of  tbe  breakwater  aroand 
toward  the  harbor  side,  the  rocky  bottom  affording  rather  poor  holding 
ground  for  the  stone,  a  deflection  of  aboat  11  degrees  was  made  in 
tbe  line  of  direction,  to  see  if  this  wonld  not  remedy  matters.  It  has 
apparently  somewhat  improved  conditions,  the  waves  breaking  on  the 
ctest  of  the  reef  before  reaching  the  breakwater;  bnt  only  a  survey 
after  a  season's  storms  will  definitely  determine  this  matter.  Tbe  orig- 
inal  direction  was  probably  taken  along  the  line  of  sboalest  water  to 
save  material.  The  deflected  line  will  be  in  deeper  water,  bnt  a  shorter 
length  will  protect  an  eqnal  area  of  the  harbor. 

The  present  statns  of  the  work  is  as  follows:  Total  length  of  break- 
water when  completed  will  be  1,981  feet.  Of  this  1,09L  feet,  including 
Whaler  Island,  has  been  completed  np  to  grade,  6  feet  above  high 
water;  280  feet  np  to  and  above  high  water,  and  40  feet  up  to  meaa 
low  water. 

The  total  amount  expended  to  June  30, 1898,  is  (171,466.13. 

Money  ttatement. 

Jnl;  1,1897,  bslanoe  iuiesp«nded Wa.SSO.lB 

Jane  30, 18^,  uuonnt  expended  daring  flacal  ;ear 48,  SIC.  28 

July  1,  1898,  balance  unexpended 3,D34.87 

iAmaant  (estimated)  required  for  Dompletion  of  ezUtlng  project 393,660.00 
AmoanttbBtoanbeproflt&blvexpetideclialiicaljreareDdiiigJuneSO,  1900  16(^000.00 
Babniitted  in  oopipliunoe  with  requirenents  of  aectioiu  2  of  river  and 
hubor  aoU  of  1866  and  1867  and  of  •nudry  olvU  act  of  June  1, 1887. 


A»o»»t  and  datt  of  all  appropriallont  for  On  work. 

Angiut  IL 1888 * |3S,000 

8ept«mber  19, 1890 «,000 

Jnlyl3,1802 30,000 

AngTirtl8,1891.- W.OOO 

Jnne^l896 M^OOO 

Total I'^OOO 


4 
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Camw^erdUU  t  tofit  ttoa. 
(Stettotln  famished  by  the  PaoUo  CoMt  BmOwkj  GompaBy.] 


Tenr  the  ImproremeBt 
begu  (1888). 


Steam.. 
SyUng, 

Total 


Tonnage 

Draft,  greatest feet. 

Herehandiae,  general tone. 

Coal do.. 

Lumber.... feet. 

Grain tons. 

Bitominons  roek do... 

Dairy  produce do.. 

Ureatook do.. 

Asphaltnm do.. 

Stone — .: do.. 

liiaoellaneona do.. 


Inooming.      Oatgoing. 


84 


459,149.84 

18 

8,808 

2,086 

8,884,400 


84 


687 


Year  ending  DecoalNr 

81.1887. 


Inooming. 


458 

S 


456 


458,149.34 

6,"ee9' 


83,306 
16,842 


13,407 

184 
6^348 


8,256^000 


14 

81 

1S7 


Outgoing. 


4S3 
2 


4» 


40,454 

18* 


28, 4U 

701 

]«210 

1.1« 

on 

1.288 


1     > 


I    : 


Total  Bmoont  of  freight  entered  and  oloftred  in  1888 68^425 

Total  amoont  of  freight  entered  and  eleared  in  1897 52,863 


Decieaae 

No  new  lines  of  transportation  haTe  been  established  daring  the  year. 
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IMPROVEMENT  OP  OAKLAND  HARBOR,  CALIFORNIA,  SAN  JOAQUIN  AND 
SACRAMENTO  RIVERS  AND  TRIBUTARIES,  AND  OF  RIVERS  AND  HAR- 
BORS IN  CALIFORNIA  NORTH  OF  SAN  FRANCISCO. 


BEPOBT  OF  MAJ,  W.  H.  EEVER,  COUPS  OF  ENGINEERS,  OFFICER  IN 
CHAROE,  FOR  TEE  FISCAL  TEAR  ENDING  JUNE  SO,  1898,  WITH  OTHER 
DOCUMENTS  RELATING  TO  THE  WORKS. 

IMPR0VEMKNT8. 


1.  Oakland  Harbor,  California. 

2.  San  Joaqnin  Rivor,  California. 

3.  Mokelamne  River,  California. 

4.  Sacramento  and  Feather  rivers,  Cali- 

fornia. 


5.  Napa  River,  California. 

6.  Petaluma  Creek,  California. 

7.  Humboldt  Harbor  and  Bay,  Califor- 

nia. 


United  States  Enoinisbr  Oppiob, 

San  Francisco,  CaL,  July  14, 1898, 

Obnebal:  I  have  the  honor  to  transmit  herewith  my  annual  reports 
for  the  fiscal  year  ending  June  30, 1898.  These  works  were  in  charge 
of  Oapt.  Cassias  E.  Gillette,  Corps  of  Engineers,  to  July  7, 1897,  and 
from  that  date  to  October  18, 1897,  in  charge  of  Maj.  Chas.  E.  L.  B. 
Davis,  Corps  of  Engineers. 

Very  respectfully,  your  obedient  servant, 

W.  H.  Hbubr, 
Major  J  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A. 


SSz. 

IMPROVEMENT  OF  OAKLAND  HARBOR.  CALIFORNIA. 
[This  work  wts  in  the  oharge  of  CoL  Chas.  B.  Sater,  Corps  of  Bngineen,  to  November  16, 1897.] 

Full  details  of  the  original  depth,  width  of  channel,  and  commercial 
ayailability,  together  with  the  original  project  of  1874  and  all  impor- 
tant alterations  and  additions  up  to  date,  can  be  found  in  the  Annual 
Beport  of  the  Ohief  of  Engineers  for  1897,  page  3327. 

The  present  condition  of  the  improvement  for  navigable  purposes  is 
practically  the  same  as  then  reported,  with  the  exception  of  the  200-foot 
channel  in  the  tidal  basin,  which  has  shoaled  6  inches  during  the  year 
and  now  furnishes  6  feet  at  low  water,  the  banks  sloughing  in  so  as  to 
reduce  the  width  somewhat. 

The  least  depth  of  water  encountered  by  merchant  yessels  entering 
this  harbor  is  at  the  bar  near  the  mouth  of  the  jetties,  namely,  13  feet 
at  low  water  or  19  feet  at  high  water  spring,  the  same  as  reported  for 
years  past. 
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In  compliance  with  the  orders  of  the  Secretary  of  War,  May  20, 1896, 
the  Sontbem  Pacific  Oompany  began  the  construction  of  a  new  railroad 
bridge  at  Harrison  street  on  March  15, 1898.  The  Alameda  Gonnty 
authorities  have  taken  all  the  preliminary  steps  toward  reconstructing 
the  Webster  street  bridge,  but  progress  has  been  delayed  by  a  recent 
protest,  which  calls  for  a  public  hearing  early  in  the  coming  fiscal  year. 

During  the  fiscal  year  the  sum  of  $4,82i.()0  was  expended  on  this  work, 
making  the  total  amount  expended  to  June  30, 1898,  91,781,270.82. 

No  operations  other  than  sundry  surveys  and  ordinary  repair  work 
have  been  going  on  during  the  fiscal  year. 

No  old  contracts  were  in  force  at  the  beginning  of  the  year. 

A  new  dredging  contract  was  entered  into  with  the  San  Frandsoo 
Bridge  Oompany  on  April  5, 1898,  for  continuing  the  20foot  channel 
westerly  to  San  Francisco  Bay,  and  operations  are  required  to  begin 
on  or  before  June  30,  1898.  This  contract  involves  the  removal  of 
650,000  cubic  yards,  more  or  less.  Bids  were  called  for  January  22  and 
opened  March  10, 1898. 

Jfon^  statement. 

July  1, 1897,  balanoe  unexpended $228,150.78 

Amount  appropriated  by  sundry  civil  act  approved  July  1, 1898 133, 000. 00 

381,150.78 
June  80, 1898,  amount  expended  during  fiscal  year 4,821.60 

July  1,1898,  balance  unexpended 356,329.18 

July  1, 1898,  amount  covered  by  uncompleted  contracts 101, 500. 00 

July  1, 1898,  balance  available 254,829.18 

{Amount  ^estimated)  required  for  completion  of  existing  project 388, 000. 00 
Amoontthatcan  beprofitably  expended  in  fiscal  year  ending  June  30, 1900  130, 000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


lAii  qf  ajpproprioHons  for  improvimg  harbor  at  Oakland^  CdL 


June  28, 1874 $100,000 

March  3, 1875 100,000 

August  4, 1876 75, 000 

June  18, 1878 80,000 

March  3, 1879 60,000 

June  14,  1880 60,000 

March  3. 1881 60,000 

Auffust  2, 1882 200, 000 

July5,  1884 139,600 

Aagost5,1885 60,000 


August  11, 1888 $350,000 

September  19, 1890 250,000 

July  13, 1892 150,000 

August  18, 1894 100,000 

June  3, 1896 20,000 

June  4, 1897 200,000 

July  1,1898 133^000 

Total 2,137,000 


/<v 


Abitraei  of  bids  for  dredging  in  Oakland  Harbor,  CaZ^/bmio,  rooeivod  and  i^^oaod  b$  Mtj^ 
W.  H.  Houer,  Corps  ofEnginoer$,  on  Marok  10^  1898,  in  anower  to  adoorUoomomts  dam 
January  gg,  1898. 


8 
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If  ame  and  address  of  hlddflr. 


Padilo  OoMt  Dredging  and  BeeUuna* 
tion ComiMny,  SanFnnoiaoo,  Gal . . . 

Sui  Fnmoiaoo  Bridge  Oompanif ,  San 
Franoitoo,  Gal 

W.  L.  Prather,  Jr.,  Oakland.  Gal 

Bowers  Galifonila  Dredging  Company, 
San  Franoiioo.  Gal 

A.  O.  Hamilton,  San  JTranoiaoo,  Gal.... 


Jetty  ahannel 
(600,000  oabio  yarda). 


Per  cnbio 
yard« 


10.18 

.18 
.U7i 


TOtaL 


•108,000 

78,000 
148,440 

132.400 
110.700 


Citj  ftront  channel 
(60,000  oabio  yarda). 


Peronbio 
yard. 


lo.a 

.47 
.2474 

.8857 
.12 


TOtaL 


$20,600 

28,600 
12,870 

18,286 
O^OOO 


IMd. 


101,fN 

iii.n* 

1S1,« 
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LIST   OF   ALL   OONTRAGTB  IN  FOBCB    ON   ACCOUNT   OF   DiPROYING   HARBOB  AT 

OAKLAND,  CAL. 

Cantraet  dated  AprQ  5, 1898,  far  dredging  in  Oakland  Harbor,  California. 


Kamo  of  oontnetor. 

Date  of  ap- 
provaL 

Work  com- 
menced. 

San  FrAnftisoo  Brl4ff9  GoSBVinT  •».»..••■•*•«•. •••..-r«-.«-.r**.T«. ••••.... .x 

April  6,189B 

June  28. 1808 

The  expiration  of  tiiis  oontraot  is  indefinite.    The  contractor  most  earn  $12,000 
per  month  until  the  areas  specified  in  the  contract  for  dredging  are  completed. 


OOMMSBCIAL  STATISTICS. 

The  following  Is  a  tabulated  statement  showing  the  increase  in  trafilc  by  vessels 
and  steamers  passinf^  through  the  Jetty  channel  during  the  past  calendar  years: 

The  classified  freight,  embracing  staple  articles,  carried  by  merchant  vessels 
entering  this  port  during  the  past  year,  comprises  400,660  tons,  composed  as  follows : 

Tons. 

Wood,  ooal,  and  coke 189,460 

Hay,  grain,  and  flour 8,700 

Lumber 107,850 

Building  materials '. 63,390 

Sundries 41,260 

Total 400,660 

Or  84,000  tons  more  than  last  year.^< 

It  is  impracticable  to  classify  the  flight  transported  by  steam  ferries,  which  last 
vear  amounted  to  2,283,171  tons  of  miscellaneous  merchandise,  showing  an  annual 
increase  of  151,680  tons  as  compared  with  the  previous  year's  report. 


Year. 


1874 

1878 

1881 

1882 

1888 

1884 

1886 

18B6 

1887 

1888 

1880 1 

1880 

1801 

1802 

1883 

1804 

1805 

1888 

1887 


Num- 
ber. 


1 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
6 
4 
4 
6 
6 


TrafBo  by  ferries. 


Trips. 


Passengers. 


800 
6,400 
8,800 
8,400 
8,000 
8,000 
6,000 
8,000 
8,520 
8,520 
8,600 
8.600 
8.600 
8,600 
10,521 
8,561 
8,600 
10,500 
10,500 


Freight. 


Traffic  by  vessels. 


Num- 
ber. 


816.240 
868,358 
882,210 
874,001 
1,653,768 
444,142 
818.402 
210,423 
200,000 
100,000 
100,000 
100,000 
86.000 
606,126 
654,082 
335,868 
248,843 
248,160 


Tona. 
60,000 

128,000 
1,051,788 
1,150.378 
1, 142  818 
1,202,230 
1,438,134 
1,487.824 
1,664,451 
1,876,635 
1,755,247 
1,825,057 
2,258,086 
2,202,170 
2,142,460 
2, 118, 267 
2,188,808 
2,131,481 
2,283,171 


1,415 
1,085 
1,128 
1,004 
1,031 
1,156 
1,326 
1,673 
1,224 
1,884 
1,745 
2,153 
2,810 
8,277 
1,686 
1,741 
1,986 
1,046 
1,882 


Register. 


Tom. 
70.750 
100.125 
129, 714 
144,004 
143.886 
163,553 
200,226 
188,974 
130.813 
162.957 
185,858 
213,971 
232,706 
228,148 
105.000 
175,750 
200,070 
208,155 
256,826 


Freight. 


Tont, 
04,800 
211,637 
178.448 
257,614 
215,828 
265,738 
805,487 
264,050 
281,660 
205,833 
888.128 
898,478 
437,928 
448,011 
806,866 
800,860 
848,788 
866,008 
840,660 


The  following  comparative  grand  totals  of  general  traffic  through  the  Jetty  channel 
shows  important  growth  in  water  transportation  in  the  past  twenty-tnree  yean: 


Genend  trafBe. 


1874,  before  im- 
prpvementb 


Passen* 
gers. 


Freight. 


1887,  after  im- 
provement. 


Pasaoi- 
gers. 


Freight. 


^ressels 


None 
None 


TonM, 

60,000 

84,800 


348,168 


IVnis. 
3,383,171 
840,660 


Grand  total . 


154,300 


348,160 


3,623,881 


I 


» 


I  J 
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SS  a. 

IMPBOYEMENT  OF  BAN  JOAQUIN  BIYEB,  CALIFOBNLL 

A  description  of  this  stream,  its  original  condition,  and  the  plan  for 
its  improvement  are  given  in  the  Annnal  Report  of  the  Chief  ot  Engi- 
neers for  1896,  page  3189. 

Report  of  operation  for  the  fiscal  year  ending  June  30^  1898. — During 
this  year  there  has  been  expended  on  the  improvement  of  this  river 
$21,668.66,  the  work  done  being  dredging  to  maintain  the  required  depQi 
to  Stockton,  removing  obstructions  in  the  upper  river,  and  enlarging 
the  cuts  at  Head  Beach  and  Twenty-one  Mile  Slough. 

In  July,  1897,  the  river  fell  so  as  to  cause  a  shoaling  in  Stockton 
Slough,  which  seriously  interfered  with  navigation.  The  United  States 
dredge  was  immediately  put  in  commission,  and  work  was  commenced 
on  July  22,  just  below  the  junction  of  Stockton  and  Mormon  sloughs. 
The  shoal,  which  extended  for  about  3,000  feet  down  the  river  firom  Uiat 
point,  was  removed  by  October  19,  when,  there  being  no  further  obstruc- 
tion to  navigation,  the  dredge  was  laid  up  in  Mormon  Slough.  The  work 
necessitated  the  removal  of  91,988  cubic  yards  of  materisd,  which  was 
pumped  on  shore  on  the  south  side  of  the  slough.  The  cost  was  $4,567.62, 
or  5.3  cents  per  cubic  yard.  At  the  beginning  of  July,  1897,  a  sand  bar 
formed  at  Orayson,  in  the  upper  river,  which  impeded  navigation  to  a 
considerable  extent.  A  temporary  wing  dam  was  built  out  from  the 
west  bank  of  the  river,  which  removed  the'bar  and  enabled  boats  to  pass 
without  interruption.    The  cost  of  this  work  was  $191.75. 

In  December,  1897,  a  small  party  was  sent  to  BelPs  Landing,  in  the 
upper  river,  where  some  obstructions  had  formed  in  a  natural  cut-off 
used  for  navigation.  These  were  removed  by  blasting  and  the  channel 
cleared.  The  party  then  went  to  Morrison  Bend,  where  the  river  had 
made  a  channel  through  an  old  dredger  cut  made  in  building  a  levee. 
Several  hard-pan  shoals  were  blasted  out  of  this  out,  leaving  it  free 
for  navigation.    The  cost  of  this  work  was  $98.50. 

At  the  end  of  the  month  of  January,  1898,  a  shoal  formed  in  the  chan- 
nel  at  the  junction  of  the  double  out  off  at  the  narrows  with  the  main 
river,  and  increased  so  rapidly  that  it  threatened  to  stop  navigation 
between  Stockton  and  San  Francisco.  As  the  United  States  dredge 
was  laid  up  and  in  need  of  repairs,  a  dredge  which  was  in  the  neigh- 
borhood was  hired  and  the  shoal  removed,  leaving  navigation  free  and 
open.  In  doing  this  work,  which  cost  $270,  about  3,000  cubic  yards  of 
sand  was  dredged  and  placed  on  shore. 

On  October  6, 1897,  bids  were  opened  for  dredging  to  increase  the 
size  of  the  cut  offs  at  Head  Beach  and  Twenly-one  Mile  Slough.  Both 
contracts  were  awarded  to  Mr.  James  0.  Smith,  of  Stockton,  GaL,  for 
5J  cents  per  cubic  yard. 

Work  was  commenced  at  Head  Beach  on  November  19, 1897,  and 
completed  on  January  4, 1898,  the  cut  when  completed  being  200  feet 
wide  on  the  bottom  and  230  feet  wide  on  the  top,  with  a  least  depth  of 
10  feet  at  low  water.  To  do  this  work  104,146  cubic  yards  of  materiftl 
were  excavated  and  placed  on  shore,  far  enough  back  from  the  edge  of 
the  banks  to  prevent  caving.    The  total  cost  of  the  work  was  $5,9^.04. 

The  contractor  commenc^  work  at  Twenty-one  Mile  Slough  on  Jan- 
uary 16, 1898,  and  completed  it  on  March  21, 1898.  This  cut  when  com- 
pleted was  also  200  feet  wide  on  the  bottom  and  230  feet  wide  on  the 
top,  with  a  least  depth  of  10  feet  at  low  water.  In  this  work  186,dM 
cubic  yards  of  material  were  excavated  and  placed  securely  on  shoi^ 
the  total  cost  being  $10,543.75. 
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The  width  and  depth  of  these  two  cuts  now  afford  free  and  ample 
accommodation  for  all  boats  asing  the  river. 

Ftdure  operations. — ^Extensive  annual  dredging  will  be  required  in 
Stockton  Channel  to  maintain  the  requisite  depth  for  the  important 
commerce  between  Stockton  and  San  Francisco,  and  some  work  of  small 
extent  will  be  required  in  the  upper  river.  To  maintain  the  widths  and 
depths  required  by  the  approved  project,  it  is  estimated  that  920^000 
will  be  required  during  the  fiscal  year  ending  June  30, 1900. 

Money  statement 

July  1, 1897,  balance  anexpended $68,746.18 

June  30, 1S9S,  amount  expended  daring  fiscal  year 21, 670. 71 

July  1,1898,  balance  unexpended 47,075.42 

{Amount  (estimated)  required  for  completion  of  existing  project (*) 
Amount  that  can  be  profitably  expended  in  fiscal  vearendine  June 80, 1900    20, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AppropriatioM  for  improring  San  Joaquin  Biver,  Cal\fomia. 


Angust  14, 1876 $20,090 

Janel4,1880 20,000 

Maroh8,1881 40,000 

August  2, 1882 40,000 

July  6,1884 20,000 

Augusts,  1886 18,750 

Angust  11, 1^ 25,000 


September  19, 1890 $75,000 

July  13, 1892 65,000 

August  18, 1894 50,000 

June  8, 1896 57,750 

Total 431,500 


Ahstraet  of  bids  for  dredging  at  Head  BoaoK  and  Tioenty-one  Mile  Sloughy  in  the  San  Joaquin 
Birer,  Calif omia,  received  and  opentdhy  Maj,  Chat,  E,  L,  B,  Davie,  Corpeof  Engineere^ 
ikis  6th  dag  of  Ooioher,  1897,  in  answer  to  advertisement  dated  September  1, 1897, 

HEAD  REACH. 


Ko. 


1 

S 
8 
4 
5 

• 
7 


Name  and  address  of  bidder. 


Priceper 
onbio 
yard. 


Total  for 
08,200  ca- 
ble yards. 


James  O.  Smith,  8tooktoii,Cal 

Paoiile  Ooast  Dredging  and  Bedamaiion  Co.,  San  Francisco,  Cal 

W.aWliite,8tookton«Cal 

T.H.SeIl0TS,8anFranoisoo.Cal 

John  W.Feina,  San  Franeisoo,  Cal 

J.  H.  Taylor,  San  Frandsoo,  Gal 

WmisGK  Witter,  San  JTranoisoo,  Cal 


OtnU. 
6.60 
9.90 
7 

e.70 
8 

10. 7i 
6 


$6,128.00 
9,226.00 
8,624.00 
8,244.00 
6,602.00 

10, 000. 68 
6.692.00 


TWENT70NB  MILB  SLOUGH. 


Ko. 


1 
8 
8 
i 
6 
8 
t 


Name  and  address  of  bidder. 


Jamea  O.  Smith,  Stockton,  Cal 

Paoiflo  Coast  Dredging  and  Beolamation  Co.,  San  Pranoisco,  Cal 

W.  C.  White,  Stockton,  Cal 

T.H.SelIer8,  San  Francisco,  Cal 

John  W.  Ferris,  San  Francisco,  Cal 

J.  M.  Taylor,  San  Francisco.  Csl 

WilliaO.  Witter,  San  Francisco,  Cal 


Priceper 
onbfo 
yard. 


OmUt. 

6.60 

9.90 
No  bid. 

8.70 

8 
10.74 

8 


Total  for 
176,864  cu- 
bic yards. 


$9,872.62 
17,410.64 


11,782.89 
10,661.84 
18,887.78 
10,66L84 


*  Indeterminate. 
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IJ8T  OF  ALL  COMTBACT8  IM  FORCE  DURING  TEHB  FISCAL  TEAR  1898  ON  ACCOUITT  OF 

IMPROVINO  SAK  JOAQUIN  RIYKR,  CALIFORNIA. 

Contraot  dated  November  8, 1897,  far  dredging  in  San  Joaquin  River,  near  Mead  BeoAt 

California. 


Nam*  of  Qontnotor. 

Date  of 
approval. 

Workoom- 

Work  oon- 
pleted. 

Jam^  O.  Smltli ................•■.•«....••«•••••■•■«■■•• 

Nov.  22, 1897 

KoT.  19.1807 

Jan.     4.UK 

Contract  dated  Kovember  18, 1897,  for  dredging  at  ISeontg-one  Mile  SUmgh,  Sam  Jooqei 

River,  California, 


Kamo  of  contraotor. 

Date  of 
approvaL 

Work  com- 
menoed. 

Work  MB. 
pJeted. 

JTaiiMM  C.  Smith...... ...••....T«-*«« * .........^... 

Not.  29,1897 

Jan.  14,1888 

Mar.  S^IM 

StatieOee  of  eommeree  on  the  San  Joaquin  River,  CaHfomia, 

The  foUowiog  ifl  a  statement  of  the  bosiiiess  done  by  the  California  Kayigatioii 
and  ImproTement  Company  on  the  San  Joaqnin  River.  California,  daring  the  calen- 
dar year  1897,  which  waa  fumished  by  Capt.  H.  J.  Corcoran,  manager  of  the 
company. 
Lower  San  Joaqnin  River:  Tone.     Tfloi. 

Grain 90,198 

Millstnffs - 62,697 

Coal 15,662 

Lnmber 66,678 

Prodoce 57,000 

Wool. 1,200 

Merchandine 73,525 

Livestock 14,181 


Upper  San  Joaqnin  River : 

Lnmber 1,600 

Wheat 9,149 

Merchandise 1,842 

Miscellaneoas 1,500 


381,14 


14,091 


Total 395,232 

Passengers ,,.,.  113^089 

The  following  is  a  statement  of  the  freight  carried  by  the  Union  Transportstioo 
Company  daring  the  calendar  year  1897 : 


General  freight 

Small  scow  schooners  also  carry  a  large  amonnt  of  freight  on  thia  river,  bat  it  ii 
impossible  to  obtain  a  statement  of  the  amount. 

Comparative  yearly  statement  of  freight  transported  on  the  San  Joaquin  River,  Cdl\fenai> 


1881 
1882 
1891 
1892 


Pas- 

aengera. 


67,840 
66,000 
90,000 


Freight. 


Tmu. 
280,824 
162,250 
627,684 
870,000 
896»000 


1894 
1895 
1896 
1897 
1898 


•engera. '     ^^ 


164,609 

100,178 

61,581 

97,880 

112,098 


JVM- 

96.01 

4M,» 
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S  S  3. 

IMPROVEMENT  OP  MOKELUMNE  RIVER,  CALIFORNIA. 

A  description  of  this  river,  its  origioal  condition,  tbe  plan  for  its 
improvement,  and  tbe  results  obtained  are  given  in  tbe  Annual  Beport 
of  tbe  Obief  of  Engineers  for  1896,  page  3193. 

Eeport  of  operations  for  the  fiscal  year  ending  June  30, 1898:  Ko 
work  has  been  done  on  this  river  daring  tbe  past  fiscal  year  and  no 
funds  expended. 

Remarks. — ^During  the  year  one  steamer,  tbe  Constance  (385  tons),  has 
run  regularly  to  New  Hope  Landing,  about  11  miles  above  mouth  of 
river,  making  three  round  trips  per  week.  Ko  other  steamer  has  run 
on  the  river,  although  a  few  scow  schooners  make  irregular  trips  there, 
rhere  has  been  little  or  no  navigation  above  New  Hope  Landing. 

Future  operations, — ^There  is  no  impediment  to  navigation  between 
tbe  mouth  of  Mokelumne  Biver  and  New  Hope  Landing.  Above  that 
point  there  is  about  3  miles  of  river  from  the  banks  of  which  the  trees 
night  be  cut  with  advantage  to  navigation^  but  as  there  is  little,  if  any, 
navigation  there,  no  necessity  for  this  exists  at  present.  Should  the 
lecessity  for  this  arise,  the  funds  on  baud  are  sufiicient  for  the  purpose. 

Money  statement, 

Fnly  1, 1897, balanoe  imeiq>ended $888.34 

rnly  1, 1898,  balance  unexpended 888.34 


< 


'  Amount  ^estimated)  required  for  completion  of  existing  project (*) 

Amount  tnat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900        (t  j 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acti  of  1866  and  1867  and  of  sundry  civU  act  of  June  4, 1897. 


Anumnt  and  date  of  appropriatioM  for  improving  Mokelumne  Biver,  California, 

# 

Fnly  6, 1884 - $8,500 

^.ugust  5, 1886 2,500 

Ingust  11, 1888 2,000 

Fn^  13, 1892 2,500 

^.ugort  18, 1894 2,500 

Total 18,000 


COMMKRCIAL  STATISTICS. 

The  following  Is  the  business  done  on  the  Mokelumne  River,  by  the  steamer  of 
he  California  Transportation  Company,  the  Coneiancej  which  runs  between  San 
.<>anci8co  and  New  Hope  Landing,  during  the  year  1897: 

freight tons..  52,771 

'assengers number..    6,081 

A  lATge  amount  of  freight  is  also  carried  on  the  various  scow  schooners  which  run 
m  the  river,  but  it  is  impossible  to  obtain  any  statement  of  their  business. 

*  Indeterminate.  t  Sufficient  on  hand* 


I 


1   . 


/-S 
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S  S  4* 

mPROYEMENT  OF  SACRAMENTO  AND  FEATHER  RIVERS,  CALrlFOBNIA 

A  description  of  this  stream,  its  original  condition,  and  the  plan  for 
its  improvement,  are  given  in  the  Annnal  Beport  of  the  Chief  of  Eugi- 
ueers  for  1^90,  page  3195. 

Report  of  operations  for  the  fiscal  year  ending  June  30y  1898, — During 
the  year  $30,292.98  has  been  expended  on  snagging,  baildiiig  wing 
dams,  repairing  the  dam  at  Parrott  Bend,  and  completing  the  sai-vey  of 
the  river. 

The  snag  boat  Seizer  commenced  work  on  July  1, 1897,  in  the  upi)er 
river,  removing  snags  and  building  wing  dams  to  wash  oat  sboals  at 
such  places  as  ofter^  obstructions  to  navigation.  This  work  was  con- 
tinued until  early  in  September,  when  a  serious  sand  bar  formed  just 
below  the  city  of  Sacramento,  which  necessitated  the  bringing  of  the 
boat  to  that  point.  Two  wing  dams  were  built  there,  which  removed 
the  sboai  and  relieved  the  obstruction  to  navigation.  As  soon  as  this 
was  done  the  boat  went  down  the  stream  to  the  lower  river,  removing 
all  snags  there  which  obstructed  navigation,  and  also  did  some  work 
in  Georgiana  Slough.  The  upper  river  was  then  again  cleared  of  a  few 
small  obstructions  which  remained,  and  on  December  8, 1897,  the  rivtf 
being  in  good  condition  to  the  head  of  navigation,  the  snag  boat  was 
laid  up  for  the  season. 

In  July  wing  dams  were  built  by  the  snag  boat  at  Jenning's  bar, 
aggregating  250  feet  in  length,  and  at  Dover  Chute,  aggregating  280 
feet  in  length;  in  August,  at  Call's  bend,  aggregating  325  feet  in  length, 
and  Monroeville,  aggregating  200  feet  in  length;  in  September,  at 
Sacramento,  aggregating  334  feet  in  length,  and  in  October  another 
wing  dam  was  built  at  Dover  Chute  80  feet  in  length. 

During  the  season  1,159  snags  were  removed  from  the  river  and  213 
overhanging  trees  cut  from  its  banks:  1,094  blasts  were  fired,  using 
4,281  pounds  of  No.  1  dynamite.  The  Doat  ran  2,004  miles.  The  cost 
of  the  season's  snagging  was  $16,743.43. 

■  On  January  5, 1898,  a  small  force,  consisting  of  12  men  and  8  pairs  of 
horses,  was  put  to  work  to  repair  the  dam  at  Parrott  Bend.  All  the 
low  places  where  the  dam  had  settled  were  raised  to  full  height  and 
the  dam  put  in  condition  to  stand  ordinary  high  water.  The  work  was 
completed  in  9  days  and  cost  ¥488.16. 

During  the  low  water  of  1897  the  field  work  of  the  survey  of  the 
Sacramento  Elver,  which  had  been  carried  as  far  downstream  as 
Princeton  in  1896,  was  completed.  The  work  was  plotted  during  the 
winter  and  is  now  finished.  This  survey  was  made  for  the  602^  of 
Engineers  appointed  under  the  act  of  Congress  of  June  3, 1896. 

Future  operations, — In  order  to  keep  the  river  in  proper  navigable 
condition,  it  will  be  necessary  that  the  snags  which  are  formed  by  each 
winter's  floods  should  be  removed.  To  carry  this  work  on  to  the  end  of 
the  fiscal  year  ending  June  30,  1900,  will,  it  is  estimated,  cost  $25,000, 
in  addition  to  the  funds  already  on  hand. 

ReviarJcs, — The  act  of  Congress  passed  June  3, 1896.  provided  for  flw 
construction,  by  the  California  Debris  Commission,  or  restraining  bar- 
riers for  the  protection  of  the  Sacramento  Kiver,  and  also  provides  for 
placing  the  improvement  of  these  rivers  under  a  board  of  three  en|i- 
neer  officers.  For  these  reasons  no  estimate  of  funds  to  carry  on 
present  project,  beyond  snagging,  is  presented* 
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Money  statement, 

July  1, 1897,  balance  nnexpended $80,774.29 

JnnedO,  189B.  amoant  expended  daring  fiscal  year 30,292.98 

July  1,1898,  balance  aneiq>eDded 60,481.31 


'Amount  (eetimated)  iM^nired  for  completion  of  existing  project. ..... .  (*) 

J  Amount  that  can  beprontably  expended  in  fiacal  yeftr  ending  Jane  30,1900    25, 000. 00 
^  Submitted  in  compliance  with  reqairemeiits  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Amount  and  date  of  all  appropriation  for  improving  Saoramento  and  Feather  rivere, 

California, 


March  3, 1875 $16,000 

June  18, 1878 16,000 

March3,1879 20,000 

Janel4,1880 45,000 

March  3, 1881 60,000 

August  2, 1882 250,000 

Ja^5,1884 40,000 


August  11, 1888 $20,000 

September  19, 1890 30, 000 

July  13,1892 150,000 

August  18, 1894 115,000 

Total 760,000 


Statistioe  ofeommeroe  of  the  Saoramento  and  Feather  rivers,  California^  for  the  oalendar 

year  1897, 

The  following  freight  was  carried  by  the  boats  of  the  California  Transportation 
Company  between  San  Francisco  and  Clarksburg,  a  distance  of  110  miles : 

Produce  and  coal tons..  76,293 

Lumber do...  10,320 

Total 85,613 

Passengers number..  10.860 

The  following  is  a  statement  of  the  freight  carried  by  the  boats  of  the  Southern 
Pacific  Company  between  San  Francisco  and  Sacramento,  including  all  way  freight: 

Tons. 
Total  freight  north  and  south 130, 313 

The  following  is  a  statement  of  the  freight  carried  by  the  Sacramento  Transpor- 
tation Company,  the  only  company  running  boats  on  the  Sacramento  River  above 
the  city  of  Sacramento : 

From  San  Francisco  to  Sacramento:  Tons.     Tons. 

Lumber 16,000 

Merchandise 13,356  • 

Coal 13,420 

From  Saoramento  to  San  Francisco: 

Brick 27  500 

Merchandise 2,000 

Miscellaneous 1,100 

Total  freight  between  San  Francisco  and  Sacramento 73, 376 

River  above  Sacramento : 
Down-river  freight — 

Wheat  and  barley - 70,853 

Wood 8,000- 

Broom  com 250 

Indian  com 1,240 

Potatoes '. 2,400 

Hogs  and  cattle 230 

Hay 2,500 

Miscellaneous 800 

*  Indeterminate. 
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River  above  Saorameiito — Continued. 

Up-river  freight —  Taaa. 

Merchandise  to  points  below  Red  Blnff 8,000 

Merchandise  to  Red  Bluff 8,100 

Up-river  points  to  San  Francisco— Merchandise 2, 660 

Up-river  points  to  Sacramento— Merchandise 850 

Total  freight  of  upper  river 106^373 

Total  freight  carried 178,749 

The  commerce  of  the  Sacramento  River  is  carried  on  8  steamers,  16  grain  barges, 
and  7  brick  barges  belongiDg  to  the  Sacramento  Transportation  Company ;  5  steamers 
and  7  barges  belonging  to  the  California  Transportation  Company,  and  2  steamers 
belonging  to  the  Southern  Pacific  Company.  Tlie  steamers  vary  in  sice  from  183  to 
619  tons,  and  the  barges  from  118  to  800  tons.  The  larger  of  the  steamers  only  go  a 
short  distance  np  the  river,  the  commerce  of  the  upper  river  being  carried  on  barges 
towed  by  light-draft  steamers. 

On  the  Feather  River  a  small  steamer,  247  tons  gross  tonnaee,  belonging  to  the 
Soatbern  Pacific  Company,  makes  one  round  trip  each  week  with  a  barge,  and  takes 
all  the  freight  that  offers.  The  following  is  a  statement  of  the  freight  carried  during 
the  calendar  year  1897 : 

Freight  north  and  south 4,318 

This  includes  all  way  freight. 


Comparative  yearly  etatememi  of  freight  traneparted  on  the  Saoramento  Bitfer,  CktHfefwia, 


1878 
1879 
1880 
1881 
1800 
1891 
1802 


Paasen- 
gen. 


15,650 
14,455 


Freight. 


167,000 
200,025 

aoi.ooo 

270,650 
240,105 
858,056 
570,574 


1898 
1894 
1895 
1806 
1807 
1808 


14,102 
13,000 


12,108 

11, 

10, 


flight 


Tvna. 
406.  MS 

858,014 
410,617 
881, 6SI 
422,111 
I94»6I9 


PRELIMINARY  REPORT  OF  THE  BOARD  OF  ENGINEERS  ON  IMPROTS- 
HENT  OF  SACRAMENTO  AND  FEATHER  RIVERS. 

[Printed  in  Hoiue  Doa  No.  186,  Fifty-flfth  Oongress,  iieoond  aession.] 

United  States  Engineer  Offigb, 
San  FratwisoOy  GaL^  December  14^  1897. 

Oeneral  :  The  Board  ofEngineers  constituted  by  Special  Orders,  Na 
18,  Headquarters  Oorps  of  Eugiueers,  July  27, 1896,  by  virtue  of  the  river 
and  harbor  act  of  June  3, 1896,  of  which  the  following  is  an  extract— 

Improvhiff  Sacramento  and  Feather  riyers  and  their  tributaries,  California:  Tbe 
Secretary  of  War  is  hereby  antborized  and  directed  to  appoint  a  board.  consistiDf 
of  three  engineers  of  the  United  States  Army,  for  the  purpose  of  making  snrrejs 
and  examinations  of  said  rivers  and  submit  the  most  feasible  plan  for  the  improTe- 
ment  of  said  rivers  and  the  maintenance  of  navigation  thereon,  and  to  have  chai|^ 
of  the  work  by  them  recommended  as  appropriations  are  made  therefor;  said  board 
may,  under  the  direction  of  said  Secretary  of  War,  expend  any  balance  now  remsin- 
ing  to  the  credit  of  said  rivers  in  the  improvement  of  the  same,  after  deducting  (be 
expense  of  said  surveys  and  examinations — 

has  the  honor  to  submit  the  following  preliminary  report  witli  refer- 
ence to  the  improvement  of  the  Sacramento  Kiver  below  Sacramento: 
This  report  is  based  on  surveys  completed  in  1895,  which  extend  from 
Sacramento  to  the  mouth  of  the  river.    In  the  Annual  Beport  of  the 
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Ghief  of  Engineers  for  1891  will  be  found  the  reports  of  two  Boards  of 
Engineers  on  the  improvement  of  the  Sacramento  Eiver.  Each  consid- 
ered that  a  least  depth  of  7  feet  in  the  river  at  low- water  stage  was 
sufficient  for  the  commerce  carried  on  the  river,  with  which  opinion  this 
Board  agrees.  The  places  where  7  feet,  or  less,  depth  of  water  occurs 
are  known  as  Iron  House  Shoals,  foot  of  Ida  Island,  head  of  Ida  Island, 
near  Clarksburg,  vicinity  of  Ueacock  Shoals,  and  opposite  to  and  just 
below  the  city  of  Sacramento.  The  Board,  after  careful  consideration, 
believes  that  depths  of  7  to  8  feet  at  low- water  stages  of  the  river  can 
be  obtained  by  contraction  works  at  these  separate  localities,  where  the 
river  is  in  all  cases  abnormally  wide;  these  works  to  be  of  the  nature  of 
pile  and  brush  work  consisting  of  two  parallel  rows  of  piles  extending 
from  the  bank  out  into  the  stream  as  far  as  may  be  required,  packing 
in  between  these  piles  with  brush  held  in  x>osition  by  rock  placed  on 
top,  also  by  brush  aprons  placed  above,  below,  and  at  the  outer  end  of 
each  of  these  wing  dams,  st^plementea  by  dredging,  if  this  should  be 
required.  The  aggregate  length  of  wing  dams  b^eved  to  be  necessary 
is  about  18,650  linear  feet,  estimated,  with  the  bank  protection,  to  cost 
$14  per  linear  foot,  or  $261,000.  The  dredging,  if  required,  is  esti- 
mated to  cost  tl8,750,  making,  in  round  numbers,  a  total  of  $280,000. 

The  survey  of  that  portion  of  the  Sacramento  Kiver  above  the  city 
of  Sacramento  is  not  yet  platted,  and  a  project  and  estimate  for  that 
portion  of  the  river  can  not,  therefore,  as  yet  be  submitted. 

Bespectfully  submitted. 

Ohas.  B.  Sutbb,- 
OoloneL  OiMrps  of  Engineers. 

W.  H.  HSUEB, 

Major  y  Corps  of  Engineers, 
Ohas.  E.  L.  B.  Davis^ 
Major ^  Corps  of  Engineers. 
Brig.  Oen.  John  M.  Wilson, 

Chiqf  of  Engineers^  U.  &  A. 


BEPOBT    OF    THE   BOABB  OF  ENaiNBEBS   ON  DfPBOYEMENT  OF 

8A0BAMENTO  AND  FBATHEB  BIYEBS. 

United  States  ENannsEB  Office, 

San  FranciscOj  CaL,  July  14j  1898. 

Obnbbal  :  The  Board  of  Engineers  constituted  by  Special  Orders 
No.  18,  Headquarters  Corps  of  Engineers,  U.  S.  A.,  July  27, 1896,  and 
by  virtue  of  the  river  and  harbor  act  of  June  3, 1896,  of  which  the 
£>Ilowing  is  an  extiact — 

Improyinff  Sacramento  and  Feather  riyers  and  their  tribntaries.  California:  The 
Secretary  of  War  is  hereby  authorized  and  directed  to  appoint  a  board,  consisting 
:>/  three  engineers  of  the  United  States  Armv,  for  the  purpose  of  making  surveys 
^nd  examinations  of  said  rivers  and  submit  the  most  feasible  plan  for  improvement 
fef  eaid  rivers  and  the  maintenance  of  navigation  thereon,  and  to  have  charge  of  the 
irork  by  them  recommended  as  appropriations  are  made  therefor;  said  board  may, 
ijider  tl&e  direction  of  said  Secretary  of  War,  expend  any  balance  now  remaining  to 
^e  credit  of  said  rivers  in  the  improvement  oi  the  same,  after  deducting  the  expense 
k£  aftid  surveys  and  examinations — 

tave  the  honor  to  submit  its  annual  report  on  improving  Sacramento 
K^d  Feather  rivers  and  their  tributaries. 

jssa  98—185 


I 
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Under  the  direction  of  the  Board,  the  Burveys  of  the  Sacramento  and 
Feather  rivers  have  been  completed.  The  tracings  and  profiles  of  the 
rivers  are  yet,  however,  in  an  incomplete  condition,  owing  to  the  &ct 
that  the  draftsmen  and  engineers  engaged  on  this  work  had  to  be  taken 
away  from  it  in  consequence  of  the  outbreak  of  the  present  war,  and 
were  placed  on  the  more  important  and  urgent  work  of  national  defense. 

In  the  past  year  the  Board  has  had  six  meetings  to  consider  matters 
submitted  by  the  commissioner  of  public  works  of 'the  State  of  Cali- 
fornia for  river  improvement,  and  it  also  submitted  a  preliminary  report 
and  estimate,  under  date  of  December  14^  1897,  for  the  improvement 
of  that  portion  of  the  Sacramento  Biver  included  between  its  month 
and  the  city  of  Sacramento.  The  general  plan  was  to  contract  the 
width  of  the  river,  in  places  where  it  was  abnormally  wide  and  where 
shoals  existed,  by  means  of  wing  dams  supplemented  by  dredging,  if 
necessary,  at  an  estimated  cost  of  $280,00Q. 

During  the  past  year  there  has  been  no  serious  interruption  to  navi- 
gation on  account  of  shoal  water.  The  past  winter  has  been  remarkable 
for  the  exceptionally  small  amount  of  rainfall  in  the  valley,  which  may 
cause  an  unusually  low  stage  of  water  in  the  river  during  the  ooming 
summer  and  autumn. 

Work  has  been  continued  during  the  fiscal  year  just  closed  by  remov- 
ing snags  and  building  temiK)rary  wing  dams,  in  accordance  with  the 
existing  project. 

The  unexpended  balances  remaining  firom  former  appropriations, 
amounting  to*  $50,481.31,  together  with  the  $280,000  estimated  for  by 
the  Board,  but  not  yet  appropriated,  it  is  believed  will  be  sufficient  to 
maintain  fairly  good  navigation  up  to  June  30, 1900. 

Bespectfully  submitted. 

Ohas.  B.  Sutbb, 

Oolonely  Oorps  o/Engineen. 
W.  H.  Hbubb, 

Major y  Carps  of  JEngineen. 
Ohas.  B.  L.  B.  Davis, 
Major^  Oorp$  o/Bngineert. 

Brig.  Oen.  Johk  M.  Wilson, 

Chief  of  UngineerMj  U.S.  A. 


3  8  s. 

IMPROVEMENT  OF  NAPA  RIVEE,  CALIFOBNIA. 

A  description  of  this  river,  its  original  condition,  the  plan  for  it8 
improvement,  and  the  results  obtained,  are  given  in  the  Aiminkl  Beport 
of  the  Chief  of  Engineers  for  1896,  page  3177. 

Report  of  operations  for  the  fiscal  year  ending  June  30 j  1898. — ^No  work 
has  been  done  on  this  river  during  the  fiscal  year,  and  no  fiinds  hsve 
been  expended. 

Remarks. — Permanent  improvement  of  this  stream  is  impracticable, 
as  a  channel  dredged  one  year  is  liable  to  be  obliterated  by  the  detritus 
brought  down  by  the  floods  of  the  succeeding  winter.  It  has  therefore 
been  considered  that,  to  keep  the  river  in  good  navigable  condition^ 
dredging  should  be  continued  from  year  to  year;  and  as  the  ordinaiy 
tides  rise  5,  and  the  spring  tides  7  feet,  a  comparatively  small  amount 
of  work  is  necessary  to  keep  navigation  in  good  condition  for  the  dws 
of  boats  that  ply  on  the  river. 
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Future  operations. — As  there  is  $4462.70  available  for  work  on  this 
river,  it  is  intended  to  dredge  such  bars  as  have  formed  and  obstruct 
navigation ;  but  as  the  winter  floods  will  again  fill  the  river,  the  improve- 
ment will  be  only  temporary.  It  it  estimated  that  $5,000  can  be  profit- 
ably expended  on  this  river  during  the  fiscal  year  ending  June  30, 1900. 

Money  statement 

Jnly  1, 1897,  balanoe  unexpended $4,162.70 

July  1, 1898,  balance  unexpended 4, 162.70 

{Amoont  (estimated)  reqnired  for  comnletion  of  existing;  project ( *) 

Amoant  thatcanbefirontably  expended  in  fiscalyear ending  JaneSO,  1900  (t) 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AppropriationB  far  imprwing  Napa  Biver,  CaHfomia. 

August  11, 1888 $7,500 

September  19, 1890 10,000 

August  18, 1894 4,000 

Junes,  1896 4,000 

Total 25,000 


Commercial  staUstieam 


ArtiolM. 


lieroluuidia^  general,  reoeiTed  end  shipped torn. 

CoelreoeiTea do.. 

Hay  shipped do.. 

Grain  xeoeived  and  shipped do.. 

Wine reoeiTed and  shipped do.. 

Lumber  reoeiyed do.. 

KisoeUaneons freight  reoeived  and  shipped do.. 


Total, 


.do. 


Tonnace 
Trlpa  oy 


1884. 


22,800 
5,000 
2,000 
8,000 
7,500 

18,838 
5,086 


04,600 

2 

176 


1897. 


17,250 
14,750 
2,100 
6.550 
4,000 
12.500 
2,850 


60,900 

2 

527 

Daily. 


No  new  lines  of  transportation  were  established  during  the  year. 


S  S  6. 


IMPROVEMENT  OF  PETALUMA  CREEK,  CALIFORNIA. 

A  description  of  this  stream,  its  ori^nal  condition,  the  plan  for  its 
improvement  and  the  results  obtained  are  given  in  the  Annual  Beport 
of  the  Chief  of  Engineers  for  1897,  page  3365. 

Beport  of  operations  for  the  fiscal  year  endifig  June  30^  1898. — ^No  work 
has  been  done  during  the  fiscal  year  and  no  funds  expended.  While 
the  channel  has  slightly  deteriorated,  navigation  has  in  no  way  been 
interfered  with  during  the  year. 

Eemarks. — ^This  creek,  or,  more  correctly,  tidal  estuary,  is  the  water 
cutlet  of  one  of  the  richest  valleys  in  Galifornia,  which  is  in  a  high 


*  Indeterminate. 


t  SufBLoient  oii\i8AjQL. 
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state  of  cultivation  and  prodaces  large  quantities  of  fimit,  grain,  and 
other  agricultural  products.  The  town  of  Petalama  has  a  population 
of  a  little  over  4,000  and  is  particularly  flourishing,  containing  as  it 
does  several  important  manufactories,  the  establishment  of  which  is 
said  to  be  due  in  a  great  measure  to  the  existence  of  cheap  water  trans- 
portation to  San  Francisco.  The  freight  rates  by  rail  from  all  points 
within  one  day's  haul  of  Petaluma  Greek  show  the  beneficial  effects  of 
water  competition. 

Future  operations. — ^The  water  of  Petaluma  Greek  brings  down  annu- 
ally large  quantities  of  detritus,  which  are  deposited  in  the  channel, 
and  consequently  frequent  dredging  will  be  necessary. 

It  is  estimated  that  $4,000  can  be  advantageously  expended  on  this 
work  during  the  fiscal  year  ending  June  30, 1900. 

Money  BtatemenU 

Jaljl,  1897,  balance  nnexi^ended •••••..•••.         $39.49 

July  1,  1898,  balance  unexpended 39.46 

(Amount  (estimated)  required  for  comnletion  of  existing  project ( * ) 

Amount  that  can  be  pro  Atably  ezpendea  in  fiscal  vear  ending  June  90, 1900  4, 000. 00 
Submitted  in  comnlianoe  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  oiTil  act  of  June  4,  1807. 


AppropriaHoMfcr  the  i/w^avemmi  of  Petalwma  Creek,  Calf/brute. 

June  14, 1880 $8,000 

March  3, 1881 8,000 

August  2, 1882 14,000 

August  11,  1888 2,000 

September  19,  1890 4,000 

July  13,  1892 10,000 

August  18,  1894 16,000 

Total 61,000 


COMMERCIAL  STATISTICS. 


Every  effort  was  made  to  coUect  the  statistics  of  commerce  on  this  oreek  during 
the  past  year,  but  they  could  not  be  obtained. 


S  S  7. 

IMPROVEMENT  OP  HUMBOLDT  HARBOR  AND  BAY,  CAIilFORNIA. 

A  description  of  this  bay,  its  original  condition,  and  the  plans  for  its 
improvement  are  given  ip  the  Annual  Report  of  the  Chief  of  Engineers 
for  1896,  page  3207. 

Report  of  operations  for  the  fiscal  year  ending  June  30, 1898. — ^During 
the  year  there  was  expended  on  this  work  the  sum  of  $246,780.99. 

I^orth  Jetty, — Ko  work  was  done  on  this  jetty  during  the  fiscal  year. 
Profile  and  cross  sections,  however,  show  that  it  is  in  practically  tbe 
same  condition  that  it  was  at  the  end  of  the  last  fiscal  year,  although 
much  of  the  trestle  has  been  damaged. 

*  Indeterminate. 
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South  Jetty, — ^At  the  commencement  of  the  fiscal  year  work,  which 
consisted  of  jetty  extension  and  placing  rock  in  the  jetty,  was  going 
on.  At  that  time  the  rock  was  +10  feet  (this  means  10  feet  above  low 
water)  from  shore  to  bent  225,  thence  sloping  from  0  at  bent  255,  thence 
to  —9  feet  at  bent  260,  thence  to  —12  feet  at  bent  320,  and  thence  to 
about  —20  feet  at  the  end,  which  is  5,451  feet  from  the  shore. 

Koagh  weather  delayed  the  work,  especially  the  trestle  building,  but 
by  the  end  of  August  the  trestle  had  been  extended  to  bent  341,  or  752 
feet,  since  the  beginning  of  the  fiscal  year.  It  was  then  stopped  for 
the  season,  the  outer  bents  having  been  strengthened  to  preserve  them 
if  possible  against  destruction  by  winter  storms.  The  delivery  of  rock 
was  continued  until  October  21,  when  it  was  discontinued,  and,  after 
40  piles  had  been  driven  to  strengthen  the  wharf,  work  was  suspended 
for  the  winter.  Up  to  this  time  66,436  tons  of  rock,  60  per  cent  of  which 
was  large,  had  been  placed  in  the  jetty. 

The  winter  of  1897-98  was  generally  less  severe  than  usual,  although 
a  few  of  the  storms  were  very  heavy;  the  strengthening  of  the  trestle 
by  extra  fastenings,  however,  saved  it  from  much  damage.  The  great- 
est destruction  was  done  by  the  two  trees  which  tore  out  15  piles. 

Work  was  resumed  March  3,  1898,  and  as  the  beach  had  advanced 
in  shore  beyond  the  apron  of  the  wharf,  another  wharf  was  built  to 
deeper  wat>er,  and  the  apron,  incline,  and  scales  moved  inward  170  feet. 
Bepairs  to  the  trestle  were  commenced  March  24,  and  on  April  20  tres- 
tle extension  was  commenced.    Bock  delivery  began  on  April  21. 

During  this  season  the  brush  mattresses  have  been  omitted,  and  in 
their  place  a  layer  of  small  rock,  1  pound  and  upward,  has  been  used. 
This  has  been  found  of  great  advantage  in  reducing  the  amount  of 
scour  which  occurs  between  the  time  of  building  the  trestle  and  placing 
the  rock,  and  also  in  reducing  the  cost  of  the  jetty.  Work  was  being 
pushed  vigorously  at  the  end  of  the  fiscal  year. 

At  the  end  of  the  fiscal  year  the  rock  in  the  jetty  was  above  low  water 
to  bent  395,  thence  sloping  down  to  —18  inches  at  bent  423,  thence 
sloping  gradually  to  the  end,  at  bent  462. 

Up  to  June  30, 67,755  tons  of  rock  had  been  placed  in  the  jetty  during 
the  present  season. 

During  the  fiscal  year  the  contractor  delivered  134,191  tons  of  rock 
and  constructed  1,312  linear  feet  of  trestle  with  double- track  railway. 

A  complete  survey  of  the  entrance  to  the  bay  was  made  in  October, 
1897,  and  another  in  May,  1898.  A  copy  of  the  latter  is  sent  herewith. 
Engineering  methods. — The  methods  are  the  same  as  those  heretofore 
used,  viz:  hauling  the  rock  out  on  a  double-track  railway,  carried  on  a 
trestle,  and  dumping  from  this  into  the  sea  until  the  required  height  of 
enrockment  is  obtained.  The  sea  flattens  this  out,  more  rock  is  added, 
and  eventually  this  gets  into  a  position  of  equilibrium.  The  bents  of 
the  trestle  are  16  feet  apart,  and  some  bents  now  contain  over  2,000  tons 
of  rock.  To  protect  the  trestle  against  the  violent  wave  action,  extra 
heavy  fastenings  above  those  originally  contemplated  had  to  be  used. 

Remarks. — During  the  fiscal  year  the  work  has  been  in  local  charge 
of  Mr.  D.  E.  Hughes,  assistant  engineer,  whose  report  to  the  end  of  the 
£scal  year  is  herewith. 

Future  operations. — ^The  north  jetty  being  practicaUy  completed,  it  is 
expected  to  confine  operations  mainly  to  the  south  jetty.  The  balance 
^ow  available  for  continuing  the  work  is  $269,857.15.  The  estimate 
Hiade  by  the  Board  of  Engineers  in  1891  for  the  completion  of  the  work 
^as  $2,057,615,  which  is  $143,115  less  than  has  thus  far  been  approi^Y\^\i^« 
Xt  is  believed  the  $143,115  will  complete  the  work,  m  «&Uiiia^Adil<^^« 


2950      BEPOBT   OF   THE   CHIEF   OF   ENOINEEBS,  U.  S.  ABMT. 

Money  BtatemenU 

July  1, 1897,  balance  unexpended $486,638.14 

Amount  appropriated  by  sundry  civil  act  approved  July  1, 1898 100,000.00 

688,638.14 
June  80, 1896,  amount  expended  during  fieoal  year 246,780.99 

July  1, 1898,  balance  unexpended 839,857.15 

July  1,  1898,  outstanding  liabilities $50,000.00 

July  1, 1898,  amount  covered  by  uncompleted  contracts 289, 857. 15 

339,857.15 

1  Amount  (estimated)  required  for  completion  of  existing  project 143, 115.00 
Amounttnatcan  be  profitably  expended  in  fiscal  yearendine  Jnne30, 1890  143, 115.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


AtMunt  and  date  of  all  appropriaUom  for  improving  Humboldt  Harbor  and  Bagj  Cafi- 

fornia. 


March  3,  1881 $40,000 

August  2, 1882 40,000 

July  5,1884 e2,5!00 

Augusts,  1886 75,000 

August  11,  1888 125,000 

September  19, 1890 80, 000 

July  13,  1892 150,000 


March  3,  1893 1522,000 

March2,  1895 2^000 

June  11,  1896 225,000 

June  4, 1897 360,000 

July  1,1898 100,000 

Total 1,994,500 


UBT  OF  AIX  OOirrRACTS  IN  FORCX  ON  ACCOUNT  OF  IMPROVIKO  HUMBOLDT  HABBOB 

AND  BAY,  CALIFORNIA. 

Contract  dated  December  16,  ISSi,  for  jetty  work  at  the  entrance  to  Humholdt  Herh^Tj 

California. 


Name  of  oontnetor. 

Date  of 
approval 

Work  com- 
menoed. 

Sxpiratlon. 

John  C BalL  ir •• 

Dec.  20, 1892 

Apr.  15, 1898 

Thiff  eon  tract  la  mMn^nMu- 

ConUraoie  supplemental  to  dbove^ 


Name  of  contractor. 


John  C.  BnU,  Jr 

Do 

Do 

Do 

Do 


Date  of  approraL 


Br  Chief  of 
ADglAeera. 


Jan.  8. 1897 
Aag.  21, 1897 
Jan.  31,1898 
May  14, 1898 
June  6.1896 


BySecpetaiy 
of  War. 


Jan.  9.15; 
Aag.  S8.  I9f* 
Felf  iWf 
May  11,1* 
Jm  %lt» 


STATISTICS  OF  COBCMXBCR  OF  HUMBOLDT  HARBOR  AND  BAT,   CAUFOBHIA. 

The  following  statement  of  the  export  trade  of  Humboldt  Bay,  California,  fortk« 
calendar  year  1897  was  collected  ana  supplied  by  Mr.  George  A.  Kellogg,  secreUir 
of  the  Humboldt  Chamber  of  Commerce : 


Exporte, 


Arttolea. 


Mlaoellaneoiia  prodncta 
Tetal 


.J^ 


Tataa 


1.411,* 
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A  ocfrreot  statement  of  the  imports  of  Humboldt  Bay  conld  not  be  obtained,  owing 
to  the  large  number  of  coasting  vessels  which  bring  freight  into  this  port. 
In  the  foregoing  lumber  exports  are  incladed  the  following: 

Foreign  lumber  exporiBm 


Conntoy  or  seaport. 


AnstxaU* 

HawaiUn  Isluids 

Mexico 

Champerico,  Central  America 

Panama,  United  Statea  of  Colombia 

Callao,Soath  America 

Shanghai,  Cldxia 

TMal 


Ko.of 
cargoes. 


13 
12 
8 
1 
1 
1 
1 


81 


Net  ton- 
nage. 


6,840 
8,240 
752 
185 
168 
290 
444 


11,482 


Feet. 


6,710,072 
8, 728, 675 
860.503 
266,001 
101,362 
802,111 
887,033 


11,464,647 


Weight 


Pound». 

18, 50U, 000 

12,117,876 

2,825,875 

864,476 

621, 025 

081, 850 

1, 257. 860 


87, 250, 860 


Value. 


180,858.84 
41,047.88 
11,082.28 
2, 85).  42 
2, 870. 48 
6,186.80 
4, 040. 06 


168,702.64 


Movement  ofveeeeU,  tonnage^  and  paesengere. 


Arrived 


Total. 


Steam 
Teasels. 


486 
438 


668 


Sail 


208 
208 


411 


Total 
Teasels. 


641 


1,270 


Tonnage. 


240,487 
241,780 


482,226 


Psssen- 

gers. 


7,160 
7.582 


14,742 


The  following  is  a  statement  of  the  business  done  by  the  Pacific  Coast  Steamship 
Company  between  San  Francisco  and  Humboldt  Bay  during  the  calendar  year  1897 : 

Freight tons..      59,008 

Treasure $503,584 

PMsengers 9,811 


The  following  is  a  statement  of  the  business  done  by  the  steamer  North  Fork 
between  San  Francisco  and  Humboldt  Bay  during  the  same  period : 


BecelTsd 

at  Ham- 

boldt  Baj. 

Delivered 

at  Ham- 

boUlt  Bay. 

Itvnber.... —        ..♦aii«. 

18,888 

lierchandJae 

dn.-.. 

6.074 

Passengfnn ••....m.....*.....^      ^    j.    u.«>... ....••... ..<.....• 

830 

322 

Comparative  yearly  etatement  of  freight  of  Humholdt  Bay,  California, 


Year. 

Paasen- 
gers. 

Freight 

Yenr. 

Paasen- 

gers. 

Freight 

1886 

4.M6 

4.634 

6.610 

12,606 

14,664 

Totu. 
162.614 

1894 

15,201 
11.261 
11.415 
13.252 
14,742 

Tona. 
217, 641 

1886...., 

193,607 
297.746 
522.893 
286.710 

1896 

1&'>.  hU 

18»7 

1896 

226.378 

1802 

1897 

166.825 

laB„ ..      a... 

j  1886 

216,611 

bxpobt  of  kb.  d.  x.  hughx8,  a88i8tajit  kngikksb. 

Humboldt  Bat,  Cauforhia, 

June  SOj  1898. 

1CA70K:  I  hare  the  honor  to  submit  the  following  report  of  operations  for  the 
improTcment  of  the  entrance  to  Humboldt  Bay,  California,  during  the  working 
m  of  1872. 


Work  of  the  previous  season  closed  on  south  spit  September  1, 1896,  and  on  north 
^t  April  17,  1897.  Lieut.  James  J.  Meyler,  Corps  of  Engineers,  U.  S.  A.  in  Kim. 
rapori  for  that  season,  described  the  condition  of  the  jetties  foT  t&MMb  ^%Xa& 


l1 

"  I 

•4 


.1 


i^ 
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reported  the  damaee  done  the  trentle  by  the  aea  and  the  changes  in  ahore  linei  at 
sonth  spit  daring  uie  winter  of  1896-97. 

The  work  credited  to  season  of  1897  was  done  by  Mr.  John  C.  Ball,  jr.,  of  Areata, 
Cal.,  onder  contract  dated  December  16^  1892,  and  was  practically  all  on  south  spit. 
It  was  began  March  15,  1897.  First,  a  new  wharf  was  noilt  900  feet  aonth  from  the 
old  one,  and  the  apron,  incline,  scales  and  short  tracks  moved  to  the  new  location. 
On  April  10  renewal  of  the  shore-protection  trestle  and  repairs  to  the  jetty  trestle 
were  began.  April  19  rock  delivery  oegan.  Nine  thoasand  three  hnndred  and  eighty- 
two  tons  of  large  rock  (pieces  of  2,240  ponnds  and  npward),  and  7,463  tons  of  small  ruck 
(50  ponnds  to  2,240  ponnds)  were  placed  on  the  1,200  feet  of  shore  protection,  most 
of  the  small  on  the  land  side  of  the  single  track  and  the  large  on  the  other,  building 
it  to  an  elevation  of  about  16  feet.  (The  datum  is  mean  lower  low  water. )  For 
about  half  the  length  this  rock  rests  on  the  old  brush  and  rock  foundations.  The 
rest  of  the  way  it  rests  directly  on  the  sand  and  clay,  2  or  3  feet  above  low  water. 
This  wok  was  completed  May  l7, 1897.    No  change  has  occurred  in  it  since. 

By  this  time  repairs  to  jetty  trestJe,  made  necessary  by  decay,  toredo,  and  the 
sea,  were  about  completed  to  bent  244,  the  last  bent  then  standing,  and  rock  work 
was  transferred  to  the  jetty,  beginning  at  bent  145,  to  replace  rock  that  had  been 
knocked  o£f  by  the  sea.  (Bents  are  16  leet  apart,  and  numbered  conseoatively  from 
shore. ) 

Rebuilding  the  trestle  from  bent  244  to  bent  841  on  the  mound  of  rock,  where  mors 
than  half  the  time  the  sea  was  too  rough  for  oile  driving,  was  not  completed  till 
August  14.  Although  a  narrow  mound  of  small  rock  free  of  sand  makes  easy  driv- 
ing, here,  near  the  south  edge  of  a  very  wide  mound  containing  some  large  rock  and 
having  sand  between  the  rock  and  south  of  it,  generallv  level  with  the  top,  the 
resistance  was  ffreat.  Pile  shoes  were  used  of  i>inch  steel  plato,  made  into  a  frns- 
trum  of  a  cone,  naving  diametors  of  5  inches  and  12  inches  and  a  slant  height  of  13 
inches.  These  proved  very  satisfactory.  An  average  penetration  of  9  feet  was 
secured  and  only  a  few  piles  were  crushed. 

The  trestle  fastenings  used  by  the  contractor  were  like  those  of  1896,  with  the 
addition  of  wronght-iron  washers  {  by  2^  by  3  inches,  under  heads  and  nuts  of 
screw  bolts.  The  only  trestle  lost  during  the  working  season  was  bent  312,  carried 
away  July  15.  During  August  and  September  the  outer  100  bents,  from  241  to  341, 
were  strengthened  by  the  Government.  To  each  pile  fastening  a  1  by  36  inch  drift- 
bolt  was  added,  and  |-inoh  screw  bolto  were  placed  horizontiuly  throueh  each  end 
of  every  strineer  and  cap.  Long  round  timbers  were  placed  on  each  sioe,  like  those 
described  by  Lieutenant  Meyler  in  Report  for  1896.  To  help  the  outer  end  withstand 
the  heavier  southwest  seas,  5  long  well-shod  pUes,  with  l^inch  galvanized  steel 
cables  atteched  10  to  15  feet  above  the  lower  end,  were  driven  15  to  20  feet  opposite 
each  tenth  bent,  27  feet  south  of  center  of  trestle,  and  broken  off  even  with  the  sand 
and  rock.  The  cables,  with  gas  pipes  strung  on  to  prevent  chafing  by  rock  placed 
later,  were  drawn  about  45  degrees  upward  to  the  north  side  of  the  toestle  and 
there  secured  to  the  round  timbers  ana  caps. 

While  the  trestle  was  building,  and  in  advance  of  the  rock  trains,  many  cross  aec- 
tions  160  feet  wide  were  taken  from  the  sounding  car  to  determine  the  outlines  of 
the  old  enrockment.  Beyond  bent  231  it  was  found  remarkably  smooth  on  top,  a^j*- 
cent  soundings  on  rock,  5  feet  apart  on  the  nearly  level  crest,  80  to  100  feet  wide, 
rarely  varying  more  than  half  a  foot.  The  profile  shows  that  from  bent  145  to  196 
the  rock  had  been  beaten  down  a  little  in  places.  From  198  to  220  it  sloped  from 
-f  5  feet  to  0;  220  to  231,  from  0  to  —8  feet;  tnen.  with  variations  of  less  than  a  foot, 
the  height  from  bent  231  to  245  was  —8  feet:  245  to  280,  —10  feet:  280  to  300.  -11 
feet;  300  to  310,  — 12i  feet;  310  to  332,  —13  feet;  332  to  335,  —11  feet,  and  from  336 
to  341  it  sloped  from  —11  feet  down  to  — 19  feet.  Shoreward  frt>m  bent  145  and  sea- 
ward from  334  the  profile  had  not  changed  since  September,  1896.  The  cross  sections 
show  that  the  rook  had  been  driven  mostly  to  the  north  side  and  to  some  extent  shore- 
ward along  the  jetty.  But  their  areas  taken  together  account  for  all  the  rock  placed 
there,  and  show  that  it  was  neither  driven  away  from  the  line  of  ^e  jetty  nor  hsd 
settled  into  the  sand,  although  brush  supports  less  than  half  of  it.  This  small  rock 
on  the  north  side  is  not  more  than  is  probably  necessary  to  guard  against  undennin- 
ing  by  the  channel,  which  in  future  will  most  likely  continue  to  hug  this  jetty. 

Dnriuff  1897  62,265  tons  of  large  rock  and  31,416  tons  of  small  rock  were  placed  on 
the  south  jetty.  About  5,000  tons  were  placed  between  bents  145  and  200;  the  rest 
from  200  to  341.  About  10,000  tons  of  the  small  rook  were  used  on  the  outer  part  of 
the  jetty  to  build  the  small-rock  foundation  up  to  —9  or  — 10  feet,  and  the  rest 
was  mixed  with  the  large,  generally  at  the  rate  of  one  car  of  small  rock  to  thrae 
cars  of  large.  Ahead  of  bent  240  the  rock  was  dumped  on  both  sides  of  both  traoU 
This  plan  reduced  breakage  without  increasing  the  ultimate  width.  In  manybento 
rock  along  the  center  piled  up  to  -f  10  feet  and  higher,  but  the  seas  soon  knocked 
it  down.  Later  in  the  season  the  jirofile  was  disregarded,  and  the  rock  was  located 
to  make  the  amounts  above  — 10  feet  in  the  diiferent  bents  approximately  eqo^ 
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Book  deliTery  ceased  and  work  on  sonth  Bijit  closed  for  the  season  October  21. 
Daring  the  rest  of  the  month  40  piles  were  driven  at  north  spit  to  hold  the  wharf 
and  apron  through  the  winter  for  possible  use  in  the  spring. 

Profile  and  cross  sections  were  taken  of  north  jetty  in  May,  1897.  The  ietty  is 
now  in  practically  the  same  condition.  It  rises  above  high  water  flrom  shore  to 
bent  150:  thence  above  half  tide  to  bent  dOO;  thence  above  low  water  to  bent  460; 
thence  slopes  down  to  — 10  or  — 11  feet  at  the  end,  or  bent  600,  which  is  8,OG0  feet 
from  shore.  Its  tiestle  is  standing  to  bent  454,  except  a  gap  from  417  to  429.  A 
great  many  piles  are  gone  and  many  more  are  practically  destroyed  by  toredo. 

Profile  and  cross  sections  of  south  Jetty  were  taken  again  in  the  fall.  During 
September,  October,  and  November  the  enrockment  was  beaten  down  considerably 
beyond  bent  200  and  a  little  here  and  there  into  bent  120.  In  December — and  there 
has  been  little  change  since  then — ^the  jetty  was  above  high  water  from  shore  to 
bent  200:  thence  at  half  tide  to  bent  230;  thence  between  half  tide  and  low  water 
to  bent  310;  thence  1  foot  below  zero  or  low  water  to  bent  325;  thence  it  sloped 
down  to  — 10  feet  at  the  end,  or  bent  341,  which  is  5,460  feet  from  shore.  Beyond 
bent  310  the  profile  had  suffered  little  change  since  the  last  rock  was  placed  there. 

In  May  and  again  in  October  complete  surveys  were  made  of  the  bar,  entrance, 
and  the  adjacent  portions  of  the  two  bays,  and  in  August  a  survey  confined  to  the 
channels.  The  least  depth  on  the  best  course  over  the  bar  at  mean  low  water  was 
22  feet  in  May,  24  feet  in  August,  and  21  feet  in  October.  Doubtless  the  depths 
were  less  during  and  just  aftier  times  of  very  rough  bar.  It  has  often  been  too 
rough  to  cross,  but  at  no  time  for  several  years  past  have  vessels  been  detained  for 
want  of  water. 

The  winter  of  1897-98  was  not  so  rough  as  common,  and  a  shoal  seaward  fr^m  south 
jetty  grew  up  to  — 11  feet,  aflbrding  the  Ietty  more  protection  against  the  southwest 
seas;  yet  two  or  three  times  before  Christmas,  along  the  outer  portion  of  south 
jetty,  there  were  worse  seas  than  any  that  have  been  successfully  resisted  by  the 
trestles  here  before.  No  damage  was  done  the  trestle  by  the  sea,  except  that  many 
loot  plank  were  knocked  off  and  one  of  the  l^inch  cables  was  broken.  I  am  quite 
elure,  nowever,  that  in  other  winters  I  have  seen  much  greater  breakers  in  the  same 
locality.  Two  large  trees  drifted  through  the  trestle  from  the  south.  One  broke  out 
5  pilM  near  bent  210,  the  other  10  piles  near  bent  268.    No  other  damage  was  done. 

Of  the  rock  delivered  during  the  season  about  86,700  tons  was  from  the  old  quarry; 
11,500  tons,  nearly  all  large,  was  from  The  Falls,  and  12,300  tons,  mostly  large,  from 
The  Pinnacle.  Nearly  all  of  the  old  quarry  rock  disintegrates  more  or  less  under 
atmospheric  pressure  alone,  and  apparently  more  rapidly  near  the  sea  than  at  the 
quarry;  but  a  wetting,  even  only  once  a  day, preserves  it, and  water  increases  its 
hardness  both  at  the  quarry  and  in  the  jetties.  Its  average  weight  is  160  pounds 
per  cubic  foot.  It  seems  quite  firm,  yet  it  breaks  considerably  when  falling  from  the 
high  trestle  onto  rocks  that  are  above  water.  A  lower  trestle  would  reduce  the 
breakage,  but  here  the  exposure  makes  necessary  the  higher  structure.  The  Falls 
rock,  exhausted  in  August,  weighed  180  pounds,  was  much  harder,  and  broke  but 
little.  Pinnacle  rock,  nrst  quarried  in  JtHj,  weighs  180  pounds,  is  very  hard,  and 
rarely  breaks  at  all  in  dumping.  After  the  enrockment  got  above  water  in  the 
center  it  was  the  practice  to  dump  most  of  the  stronger  rock  between  the  tracks 
and  much  of  the  other  outside,  where  there  was  still  at  times  a  water  cushion  to 
reduce  the  breakage.  The  large  rock  averaged  about  2  tons.  About  16  per  cent  of 
it  was  over  4  tons.    The  maximum  was  8  tons. 

The  following  are  the  items  of  work  done  by  the  contractor  during  the  season : 

Large  rock  delivered .tons..  71,646if}9 

Small  rock  delivered do 38,897sfVA 

Trestle  constructed  (approach  to  apron) linear  feet..  282Ar 

Piles  driven  for  repairs number..  715 

Caps  placed linear  feet..  5, 541V(r 

Stringers  placed.... do....  9, 401t^ 

Rails  laid do 8,872^ 

Extra  labor  amounted  to $1,655.20 

The  total  earnings  of  the  contractor  for  the  season  were $176, 053. 14 

During  January,  1898,  the  beach  at  south  spit  wharf  advanced  beyond  the  apron. 
In  February  a  row  of  sheet  piling  was  driven  to  train  a  slough  against  it.  Later 
more  sand  came  than  the  trained  sS>ugh  could  handle,  and  again  the  beach  grew  out, 
this  time  beyond  the  wharf. 

The  contractor  began  work  on  March  3.  Another  wharf  was  built  farther  out, 
and  the  apron,  incline,  and  scales  moved  forward  170  feet,  and  the  pile  and  timber 
track  north  of  the  scales  extended  160  feet.  Repairs  to  south  jetty  trestle  were 
begun  March  24.  The  15  piles  that  had  been  broken  out  by  floating  trees,  and  many 
more  destroyed  by  toredo,  were  replaced.  Some  of  the  piles  that  had  supported 
rook  trafiis  in  October  fell  over  when  released  from  their  caps.    About  140scattattii^ 
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piles  were  tested  with  the  pile-driver  hammer;  many  of  them  £idled.  In  additioiL 
a  heavy  rolling  load  teet  was  applied.  It  appearing  that  the  trestle  could  be  nsed 
for  a  short  time  with  reasonable  safety  further  repairs  were  temporarily  deferred,  in 
order  that  jetty  extension  might  not  be  delayed,  and  the  driver  was  moved  to  the 
ftt>nt.  A  cross-over  track  was  built,  extending  from  bent  328,  on  the  north  track,  to 
bent  337,  on  the  south :  and  just  shoreward  from  it  was  constructed  a  turn-out  that 
would  hold  the  pile  driver  over  the  south  half  of  the  trestle  and  leave  the  north 
track  clear. 

Trestle  extension  began  at  bent  341  April  20,  and  rock  delivery  April  21.  At  a  few 
of  the  first  bents  driven  the  low-water  depth  was  29  feet,  due  to  a  nood-tide  channel 
that  had  just  opened  along  the  beach.  Here  the  flood  current  was  so  s^ng  that 
piles  when  dropped  would  foul  in  the  leaders  and  not  reach  bottom,  and  driving  had 
to  be  confined  to  ebb  tide  and  slack  water.  It  was  too  rough  for  pile  driving  so 
much  of  the  time  that,  although  all  daylight  hours,  Sundays  included,  when  the  sea 
was  smooth  enough,  had  been  utilized,  omy  13  bents  of  trestle  were  constructed  in 
April  and  27  in  May.  Whenever  it  was  too  rough  for  trestle  building,  and  at  first 
onener,  the  driver  was  taken  back  to  the  turn-out,  and,  to  prevent  scour  between  ^ 
piles,  a  thin  layer  of  foundation  rock  (1  pound  and  upward)  was  dumped  from  both 
tracks  out  to  and  around  the  end  bent.  During  June  the  trestle  was  extended  from 
bent  381  to  bent  423,  which  is  6,773  feet  from  shore. 

The  trestle  has  4-pile  bents,  16  feet  apart.  The  piles,  with  bark  off,  are  12  inches 
to  18  inches  in  diameter  at  the  smaller  end.    They  are  driven  about  8  feet  apart  to  a 

genetration  of  15  feet  with  a  2-ton  hammer,  requiring  anywhere  frt>m  100  to  200 
lows,  averaging  about  12  feet.  Thev  are  sawed  off  t£on%  25  feet  above  low  water, 
and  rings  of  f  by  2^  inch  iron,  16  inches  to  18  inches  diameter,  are  driven  into  the 
heads  by  the  pile-driver  hammer.  The  12  by  12  inch  by  32  foot  cant  are  screwed  to 
each  pile  by  one  |  by  24  inch  driftbolt,  one  1  by  28  inch  screw  bolt  naving  its  nut  in 
a  3i-inch  hole  bored  horizontally  into  the  pile,  and  one  1  by  d6-inch  headed  drift- 
bolt.  The  four  12  by  14  inch  by  32  foot  stringers,  spread  for  double  track  of  stand- 
ard gauge  and  15  feet  between  centers,  are  secured  1k>  the  caps  by  1  by  28  inch  screw 
bolts.  Kound  timbers.  64  feet  long  and  over  12  inches  in  diameter  at  the  smaller 
end,  are  placed  on  eacn  side  just  outside  the  other  stringers,  breaking  joints  with 
each  other  and  with  the  stringers  alongside.  They  are  notched  from  3  to  8  inches 
deep  to  fit  down  over  the  caps  closely,  and  are  bolted  to  them  with  1-inch  screw  bolts. 
They  are  also  bolted  near  each  end  to  the  stringer.  One  f  by  14  inch  screw  bolt  is 
placed  hori zontally  through  each  end  of  everv  stringer  and  cap.  Wrought-iron  wash- 
ers i  by  2}  by  2f  in  ches  are  placed  under  heads  and  nuts  of  all  bolts.  The  steel  rails,  40 
pounds  per  yard,  are  spiked  directly  to  the  stringers.  Foot  planks  2  by  12  by  4^ 
inches,  14  to  each  bent,  are  spiked  to  the  stringers  between  the  rails.  All  piles  and 
timbers  are  Douglas  spruce.  To  steady  the  trestle  while  enrookment  was  low,  many 
1^  and  li  inch  wire  cables  were  placed  diagonally  from  outside  piles  close  to  the 
sand  to  the  opposite  ends  of  the  caps.  Now,  beginning  with  bent  400,  more  substan- 
tial ties  are  placed  4  or  5  bents  apart,  consisting  of  l|-inoh  round-iron  eyebais 
attached  to  outside  piles,  10  to  12  feet  below  low  water,  by  l^inch  chains,  and  to  the 
round  timbers  and  caps  on  the  opposite  side  of  the  trestle  by  l^inch  wire  rope.  Most 
of  the  diagonal  ties  are  set  to  resist  the  heavier  southwest  seas,  which  come  to  the 
jetty  from  nearly  west.  It  takes  three  hours  to  build  a  bent,  or  16  feet  of  trestle.  So 
far  this  season  no  damage  has  been  done  to  the  trestle,  though  it  was  considerably 
distorted  in  places  before  all  the  extra  fastenings  were  put  on. 

Brush  mattresses  are  omitted  this  season,  and  a  layer  of  foundation  rook,  in  pieoet 
of  1  poimd  and  upward,  at  a  reduced  price,  is  used  instead.  This  change  greatly 
facilitates  the  work.  It  had  been  definitely  determined  that,  under  tiie  conditioni 
existing  here,  brush  served  no  useful  purpose. 

The  experiment  at  spur  127,  south  jetty,  where  in  1895  a  gap  of  96  feet  was  left  b 
the  mattress  foundation,  has  been  reported  on  by  Lieut.  Herbert  Deakyne  and  by 
Lieut.  James  J.  Meyler.  Because  of  the  importanee  of  the  subject,  more  of  the 
details  are  here  given.  This  96  feet  of  enrockment  on  sand  rests  in  depths  varying 
from  12  to  21  feet,  in  a  locality  where  neither  the  seas  nor  the  currents  are  very 
strong.  Many  soundings  were  taken  from  time  to  time  off  the  sounding  oar,  and  no 
appreciable  settlement  was  discovered.  Besides,  the  areas  of  the  cross  sectioDS 
tallied  with  those  that  the  known  amounts  of  rock  dumped  there  should  give,  shov- 
ing that  while  the  enrockment  was  building,  as  well  as  later,  no  appreciable  amounft 
of  it  had  sunk  into  the  sand.  Like  investigations,  when  applied  to  either  side  when 
there  were  mattresses  as  wide  as  the  rock,  showed  that  the  brush  had  been  com* 
pressed  by  the  6  to  8  feet  of  rock  upon  it  to  not  more  than  one- third  of  the  volujoe 
paid  for,  making  its  cost  (at  the  prices  here)  greatly  exceed  that  of  an  equal  volume 
of  rock. 

A  more  instructive  example  bearing  on  the  same  question  is  found  at  bent  2SI, 
south  jetty,  where  the  current  was  strong  and  the  seas  violent,  and  where  the 
enrockment  is  30  feet  high  and  over  100  feet  wide.    Seaward  from  tnia  pointy  in  1895) 
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mattresses  52  feet  wide  and  3  feet  thick  were  sunk  in  24  feet  of  water.  For  seyeral 
bents  shoreward  from  231  the  small  rock  of  50  pounds  and  upwards  was  dumped  on 
the  sand  in  depths  of  25  feet,  and  the  jetty  there  is  without  the  influence  of  brush. 
The  cross  sections  taken  f^om  time  to  time  off  the  sounding  car  show  that  for  a  con- 
siderable length  on  either  side  of  231  the  exposure  did  not  vary,  and  that  the  depths 
alongside  were  practically  the  same  and  underwent  like  changes,  increasing  from  24 
and  §5  feet  to  a  depth  of  40  feet  on  the  channel  side  and  shoaling  to  zero  on  tne  other. 
From  the  records  kept  here  the  amount  of  rock  in  each  bent  was  determined,  and  it 
was  found  that  in  the  first  four  bents  seaward  from  231  a  little  more  rock  had  been 
placed  with  the  brush  to  build  the  jetty  from  —  24  feet  to  -f  1  foot  than  had  been 
used  on  sand  in  the  first  four  bents  shoreward  of  231  to  raise  the  w^  from  —  25  feet 
to  -)-  1^  feet.  Cross  section  at  230  accounted  for  all  the  rock  that  had  been  placed 
there  (at  the  rate  of  22  cubic  feet  to  the  ton).  Just  ahead  on  the  brush  it  failed  to 
do  so,  even  when  the  volume  of  the  mattress  was  disregarded  entirely,  thus  appar- 
ently necessitating  the  theory  that  in  a  current  the  edge  of  a  mattress,  before  the 
enrockment  gets  wide  enough  to  reach  beyond  it,  provokes  more  scour  alongside  and 
underneath  tiian  is  caused  by  a  sloping  toe  of  small  rock.  Unfortunately,  no  cross 
sections  were  taken  at  the  proper  time  to  verify  this.  There  are  other  evidences  on 
this  work,  however,  showing  that  at  times  a  considerable  cave  has  been  formed 
under  the  edge  of  a  mattress  before  the  enrockment  could  be  made  sufficient  to  breaK 
it  down  and  go  beyond  it. 

Another  saving  effected  by  the  omission  of  the  mattresses,  especially  in  strong 
currents,  is  in  the  reduction  of  scour  provoked  by  the  presence  of  piles,  which  in  a 
rough  sea  must  often  stand  for  several  days  before  mattresses  can  be  placed  around 
them.  This  scour  in  the  past  sometimes  became  excessive,  reaching  9  feet  at  bent 
290,  south  jetty,  in  1896,  and  over  12  feet  in  1893  at  bent  95  of  north  jetty.  This  sea- 
son, by  keeping  a  thin  layer  of  foundation  rock  well  to  the  front,  a  stronger  current 
was  crossed  ana  the  scour  kept  below  2  feet.  At  times,  by  dumping  rock  first  from  the 
north  track,  a  deposit  of  sand  was  gained  under  the  other.  We  are  also  saved  the 
considerable  risk  to  both  life  and  property  which  attends  the  sinking  of  large  mat- 
tresses in  a  rough  sea.  On  thiB  work,  at  times,  mattresses  have  been  sunk  between 
seas  when  a  delay  of  10  seconds  after  the  operation  began  would  have  proved  fatal 
to  the  men  employed. 

Of  the  rock  received  this  season  a  small  amount  was  plac^ed  on  the  old  work  from 
bent  310  to  341.  building  it  up  to  about  low  water.  The  rest  has  been  placed  on  the 
new  work,  in  depths  that  were  between  16  and  20  feet,  except  between  bents  341  and 
851,  where  the  maximum  was  30  feet.  This  rock  is  now  above  low  water  to  bent  395, 
thence  slopes  down  to  — 18  feet  at  bent  423 ;  but  the  wall  is  narrow  and  contain s  less 
than  half  the  rock  that  will  be  required  there.  It  is  the  plan,  barring  accidents,  to 
follow  the  driver  closely  until  the  end  is  reached  (about  bent  462),  finish  the  enrock- 
ment there,  and  then  work  shoreward.  The  monthly  rock  delivery  for  June,  36,337 
tons,  is  the  greatest  that  has  ever  been  handled  on  this  work.  The  usual  complete 
survey  was  made  in  May  and  a  map  thereof  sent  to  your  office.  It  shows  a  23-foot 
channel  over  the  bar«  and  good  water  leading  into  both  bays. 

The  following  are  the  items  of  contract  work  done  here  during  the  present  season, 
np  to  the  end  of  June,  1898: 

Large  rock  delivered tons..  22,462#A 

Small  rock  delivered do....  34,242|W)r 

Foundation  rock  delivered do 11,051VVA 

Trestle,  with  double-track  railway  thereon linear  feet . .  1, 312 

Single  track  on  trestle do....  196^ 

Piles  driven number..  232 

Caps  placed linear  feet..  446 

Stringers  placed do....  660 

Rails  laid do....  660 

Extra  labor  amounted  to $1,543.92 

Contractor's  earnings  amounted  to $100,818.46 

The  following  are  the  items  of  work  done  by  the  contractor  during  the  fiscal  year 
ending  June  30,  1888: 

Largerock  delivered tons..  65,221i{lg 

SmiOlrock  delivered do....  57,919^*^ 

Foundation  rock  delivered do....  11,051^*^ 

Trestle,  with  double-track  railway  thereon linear  feet . .  1, 312 

Single  track  on  trestle do....         196A 

Piles  driven « number..         460 

Caps  placed linear  feet..  1,950 

Stringers  placed do....  d,678iV 

RaUslaid do....  8,678^ 

lAbor  amounted  to .^\^,^^.^ 


>  r 
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In  eonolnding  this  report  I  desire  to  commend  the  contractor's  representatlTeB  for 
proeeouting  the  work  so  yigoronslyi  and  partionlarly  for  their  evident  desire  to  do 
what  is  ri^t. 

To  Mr.  Ployd  Monlton,  who  has  been  inspector  on  the  work  since  March.  189S, 
special  acknowledgments  are  dae  for  long  hours  of  servioe  rendered  with  fideli^, 
aocnracyi  and  dispatch. 

I  also  haye  the  pleasure  to  express  my  gratitude  to  the  officers  in  eharge,  whose 
will  I  have  tried  to  execute,  for  their  unvarying  courtesies  and  kindness. 

D.  £.  HuoHKS, 

"Maj.  W.  H.  Hkueb, 

Carp$  of  Engineeri,  U*  5.  A» 


^0^i 
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ESTIMATE  OF  COST  OF  IMPROVEMENT  OF  HUMBOLDT  HARBOR,  CALI- 
FORNIA, BT  DRBDGINO. 

(Printed  In  Hooie  Doo.  Ko.  628,  Fifty-fifth  Congress,  aeoond  leseloiL] 

Office  of  the  Chief  of  Enoineers, 

United  States  Army, 
WtMhingtoriy  June  8^  1898. 

Sir  :  By  joint  resolation  of  Oongress  approved  May  7, 1898,  the  Sec- 
retary of  War  is  requested  to  submit  detailed  estimates,  from  informa- 
tion now  on  file,  of  the  cost  of  the  proposed  dredging  and  improvement 
of  Humboldt  Harbor,  OaUfornia,  as  contemplated  by  the  river  and 
harbor  act  of  June  3, 1896,  and  by  the  report  of  Oapt.  Oassius  £.  Gil- 
lette, Corps  of  Engineers,  submitted  to  Congress  in  the  Beport  of  the 
Chief  of  Engineers. 

The  river  and  harbor  act  of  June  3, 1896,  provided  for  a  preliminary 
examination  of  Humboldt  Harbor,  California,  dredging  same  along  cil^ 
front,  and  the  report  of  Captain  Gillette  of  the  results  of  this  exami- 
nation was  submitted  to  Congress  in  the  Annual  Beport  of  the  Chief 
of  Engineers  for  1897. 

In  1881  a  project  for  improving  the  inside  harbor  at  Humboldt  was 
adopted  with  a  view  to  securing,  by  dredging,  a  channel  12  feet  deep 
and ^00  feet  wide  to  the  head  of  Eureka  wharves  and  10  feet  deep  and 
100  feet  wide  to  Areata  and  Hookton.  This  project  was  completed  in 
1884,  but  the  channels  have  since  silted  up  materially,  and  the  improve- 
mept  now  proposed  for  this  locality  contemplates  redredging  a  channel 
200  feet  in  bottom  width,  about  8,900  feet  in  length,  to  a  uniform  depth 
of  15  feet  below  water  surface  at  mean  low-tide  level.  This  will  require 
the  excavation  of  about  370,384  cubic  yards  of  material,  principally 
sand,  mud,  and  shells,  and  to  remove  this  material  and  deposit  the 
same  on  the  shores  of  the  bay  above  the  reach  of  tidal  influence  will, 
it  is  estimated,  cost  20  cents  per  cubic  yard,  or,  say,  in  round  numbers, 
$75,000. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  JEnginserSj 

U.  8.  Army. 

Hon.  B.  A.  Alger, 

Secretary  of  War. 


APPENDIX  T  T, 


IMPROVEMENT  OF  RIVERS  AND  HARBORS  IN  OREGON,  OF  UPPER  COLUM- 
BIA RIVER  AND  TRIBUTARIES,  OREGON  AND  WASHINGTON,  AND  OF 
CLEARWATER  RIVER,  IDAHO. 


BXPOBT  FOR  THE  FI8CAI  TBAB  ENDING  JUNE  SO,  1898,  WITH  OTHER 
DOCUMENTS  RELATING  TO  THE  WORKS.  OFFICERS  IN  CHARGE, 
LIEUT.  COL,  CHARLES L.  POTTER,  U.  S,  VOLUNTEERS,  CAPTAIN,  CORPS 
OF  ENGINEERS,  AND  MAJ.  W.  L.  FI8K,  CORPS  OF  ENGINEERS. 


IMPBOVXMBNT8. 


1.  Port  Orford  Harbor,  Oregon. 

9.  Goqnille  River,  Oregon. 

8.  Coqnille  River,  Oregon^  between  Go- 
qnille and  Myrtle  Point. 

4.  Entrance  to  Coos  Bay  and  Harbor, 
Oregon. 

6.  Harbor  at  Coos  Bay,  Oregon. 

6.  Coos  River.  Oregon. 

7.  Umpana  River,  Ore^n. 

8.  Moatn  of  Sinslaw  River,  Oregon* 

9.  Alsea  River,  Oregon. 

10.  Yaqnina  Bav,  Oregon. 

11.  Neetngga  River,  Oregon. 

12.  Tillamook  Bay  and  Bar,  Oregon. 


13.  Upper  Columbia  and  Snake  rivers, 

Oregon  and  Washington. 
U.  Columbia  River  at  Three  Mile  Rapids, 

and  boat  railway  from  The  Dalles 

Rapids  to  Celilo  Falls. 

15.  Canal   at   the   Cascades,    Columbia 

River,  Oregon. 

16.  Operating  and  care  of  canal  and  locks 

at  the  Cascades,  Columbia  River. 

17.  Columbia  River  between  Vancouver, 

Washington,  and  mouth  of  Willa- 
mette River. 

18.  Clearwater  River,  Idaho. 


BXAMINATION8. 


19.  XTmpqiia  River,  bar  and  entrance, 

Oregon. 

20.  Alsea  River.  Oregon. 

31.  Taquina  River,  including  Big  Elk 
iuver  to  Sunset  Quarry,  Oregon. 


22.  Siletz  River,  Oregon. 

23.  Harbor  at  Cape  Lookout,  Oregon. 


SURYSTS* 


M.  Port  Orford  Harbor,  Oregon. 
25.  Tillamook   Bay,  bar  and  entrance, 
Oregon. 


26.  Nehalem  River  (bay),  Oregon. 

27.  Snake  River,  Washington. 


United  States  Engineer  Office, 

Portland^  Oreg.y  August  5, 1898. 

ObneraIj:  I  have  the  honor  to  submit  herewith  annual  reports  of 
operations  for  the  fiscal  year  ending  June  30, 1898,  for  the  river  and 
harbor  improvements  in  my  charge,  temporarily,  since  May  11,  1898. 
This  district,  with  the  exception  of  Upper  Columbia  and  8nake  rivers, 
Oregon  and  Washington,  and  Clearwater  Biver,  Idaho,  was  in  my 
charge  until  November  30,  1897;  Upper  Columbia  and  Snake  rivers 
and  Clearwater  Biver  were  in  charge  of  Capt.  Harry  Taylor^  Cor^^  <5l 
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Engineers,  until  November  30,  1897.  From  November  30,  1897,  to 
May  11,  1898,  the  district  was  in  charge  of  First  Lieat.  Charles  L. 
Potter,  Oorps  of  Engineers,  and  since  May  11, 1898,  it  has  been  in  my 
charge,  temporarily. 

Very  respectfully,  your  obedient  servant, 

W.  L.  FiSK, 
Major  J  Oorps  of  Engineen. 
Brig.  Oen.  John  M.  Wilson, 

Chief  of  Engineers  J  U.  8.  A. 


TT  I. 


DIPROYEMENT  OF  PORT  ORFORD  HARBOR,  OREGON. 

The  river  and  harbor  act  of  June  3, 1896,  contained  the  following 
item: 

ImproYing  Port  Orford  Harboryat  QniTeyard  Point,  Orecon,  aooording  to  plAn 
recommended  by  Captain  Thomas  W .  Symons,  of  the  Corps  of  fiDgineera,  as  per  Home 
Doeoment  NomDered  Three  handred  and  thirteen,  Fifty -third  Congress,  third  session, 
January  thirtieth,  eighteen  hundred  and  ninety-fiye,  to  cost  not  to  exceed  two  him- 
dred  and  three  thousand  three  hundred  and  thirty -sue  dollars ;  and  the  unexpended 
balance  of  the  appropriation  heretofore  made  March  third,  eighteen  hundred  and 
seventy-nine,  for  the  establishment  of  a  harbor  of  refu^  on  the  Pacific  coast,  ii 
hereby  transferred  to  be  expended  on  this  improyement,  if  in  the  opinion  of  th«  fifeo- 
retary  of  War  the  interests  of  commerce  demand  such  expenditure. 

The  report  to  which  reference  in  the  above-quoted  item  is  made  iB 
printed  in  the  Annual  Report  of  the  Chief  of  Engineers  for  1895,  Part 
y,  pages  3491-3501,  and  contained  an  estimate  of  $203,366  for  constrnct- 
ing  a  wharf  from  Graveyard  Point  for  commercial  shipping  purposes. 

Nothing  has  been  done  toward  the  construction  of  the  proposed  wharf^ 
as  the  Secretary  of  War  has  not  decided  that  '^  the  interests  of  commerce 
demand  such  expenditure." 

The  river  and  harbor  act  of  June  3, 1896,  also  provided  '<for  a  survey 
of  Port  Orford  Harbor,  Oregon,  with  estimate  of  cost  of  improvement 
and  imi)ortance  to  shipping  and  commerce."  The  report  of  the  survey 
is  herewith. 

Moneg  statement 

July  1, 1897,  balance  unexpended • $140,868.63 

July  1, 1898|  balance  unexpended 140, 868.53 

{Amount  (cBtimated)  required  for  completion  of  existing  project 62, 477. 48 
Subroitted  in  compliance  with  requiremente  of  Motion  i  of  riyer  and 
harbor  act  of  1866. 


' . 


.>< 


T  T  a. 

IMPROVEMENT  OF  COQUILLE  RIVER,  OREGON. 
GENERiX  IMPROVEMENT. 

The  original  and  modified  projects  and  estimates  of  cost  (printed  in 
the  Annual  Reports  of  the  Chief  of  Engineers  for  1879,  Part  II,  p.  1806, 
and  for  1892,  Part  III,  pp.  2662-2665)  for  improvement  at  the  mouth  of 
the  Coquille  River  provide  for  the  construction  of  two  high  tide  rubble- 
stone  jetties  600  feet  apart  at  their  outer  ends,  to  oonflne  and  control 
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the  flow  of  the  waters  so  as  to  permanently  elose  np  the  original  tortn- 
oas  shoal  and  shifting  channel,  which  skirted  the  south  headland,  and 
scoar  a  channel  through  the  sand  spit  on  the  north  side  of  the  entrance, 
the  jetties  to  extend  oat  to  sea  a  sufficient  distance  to  maintain  a  chan- 
nel over  the  bar  with  the  least  depth  of  8  feet  at  low  tide,  at  an  esti- 
mated cost  of  {285,000,  including  $6,883.90  expended  under  the  acts  of 
Ck>ngress  of  Augustll,  1888,  and  September  19, 1890,  in  removing  snags 
between  Ooquille  and  Myrtle  Point. 

The  method  of  constructing  the  jetties  at  the  mouth  of  the  Ooquille 
Biver  has  consisted  of  building  a  tramway  resting  on  piles  driven  along 
the  line  of  each  proposed  jetty,  upon  which  is  hauled,  in  dump  cars 
pulled  by  a  small  locomotive,  the  loose  stone  to  be  dumped  in  place  in 
the  jetty. 

SOUTH  JBTTY. 

In  May,  1897^  this  jetty  was  2,116^  feet  in  length,  and  had  been 
brought  up  to  high- tide  level  throughout  that  distance. 

A  contract  was  entered  into  on  December  26, 1896,  with  Daniel  Kern, 
of  Portland,  Oreg.,  which  provided  that  the  contractor  should  furnish 
1^  the  labor  and  materials  necessary  to  extend  the  south  jetty  as  far 
as  practicable  with  the  available  funds,  by  building  a  double-track 
tramway  in  extension  of  the  existing  tramway,  by  laying  a  brush-mat- 
tress foundation  throughout  the  length  of  such  extension,  and  dumping 
thereon  the  enrockment  of  the  jetty.  It  also  provided  that  the  Oov- 
ernment  plant  used  on  the  work  in  past  years,  consisting  of  1  locomo- 
tive, 1  pile  driver,  2  hoisting  engines,  2  derricks,  12  dumping  cars,  aod 
sundry  tools  and  appliances,  should  be  turned  over  to  the  contractor  for 
use  in  carrying  on  the  work,  for  which  use  he  should  pay  the  sum  of 
$150  per  month. 

The  contractor  began  operations  in  May,  1897,  and  between  then  and 
I^ovember  28, 1897,  when  operations  were  suspended,  furnished  in  place 
along  the  jetty  the  following-named  quantities  of  materials,  at  the 
prices  named  in  the  abstract  of  his  proposal  printed  in  the  Annual 
Beport  of  the  Chief  of  Engineers  for  1897  (p.  3382) : 

Bxtending  tramway : 

PUes linear  feet..  2,491.66 

Lumber feet  B.M..  28,690 

Driffcbolts poande..    1,006 

Bolts  withnats  and  washers .do....        160 

Wrought  spikes '.do....        214 

BailrcMid  spikes •• do....        280 

Extending  Jetty,  stone tons..  30,106 

Under  this  contract  the  tramway  and  jetty  were  extended  270^  feet, 
^ving  the  jetty  a  total  length  of  2,387  feet.  The  jetty  is  up  to  high- 
tide  level  throughout  that  distance. 

The  piles  used  in  extending  the  tramway  were  fir.  It  was  imi)ossible 
to  drive  them  beyond  an  average  penetration  of  about  4  feet,  as  they 
soon  brought  up  on  the  hard  bed  rock  underlying  the  sand.  On  account 
of  the  proximity  of  this  underlying  ledge  the  brush-mattress  founda- 
tion required  by  the  contract  for  the  extension  of  the  jetty  was  dis- 
pensed with. 

The  contractor  used  one  derrick  in  taking  the  stone  from  the  quarry 
at  Tupper  Bock  (a  portion  of  which  latter  is  owned  by  the  United 
States).  This  stone  was  placed  in  the  jetty  as  it  came  from  the  quarry — 
in  pieces  weighing  from  about  50  pounds  each  up  to  about  12  tons  each. 
The  quarry  is  directly  connected  with  the  jetty  by  a  short  tramwa^^ 
and  the  average  delivery  of  stone  was  200  Xim%  pofc  ^a^j. 
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NORTH  JBTTT. 

No  work  was  done  during  the  past  fiscal  year  on  this  jetty,  which,  in 
previoas  years,  had  been  constmcted  for  the  distance  of  510  feet.  The 
tramway  is  in  such  condition  that  it  will  probably  be  necessary  to 
rebuild  it  before  it  can  be  used.  The  outer  300  feet  of  the  jetty  itself 
has  settled  considerably. 

The  coarse  sand  has  accumulated  on  the  south  side  of  the  south  jetty 
so  that  the  low-wat^  line  is  at  present  nearly  as  far  out  as  the  sea  end. 
The  bar  channel  runs  straight  out  to  sea  parallel  to  the  south  jetty; 
its  average  depth  at  mean  lower  low  water  during  the  past  year  was 
about  7  feet.  The  depth  on  the  bar  has  not  been  materially  increased 
during  the  year,  and  no  substantial  improvement  is  anticipated  in 
advance  of  tiie  extension  of  the  north  jetty. 

Money  8iatemenU 

Jaly  1, 1897,  balance  unexpended $21,000.84 

Jane  90,  189iB,  amoont  expended  daring  fiscal  year 19,420.73 

July  1,  1898,  balance  unexpended 1, 580.11 

Julyl,  1898,  oatBtanding  liabUitiee 68.20 

July  1, 1898,  balance  ayaUable I,51t91 

(Amount  (estimated)  required  for  completion  of  existinf^  project 115, 000. 00 
Amount  tnat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900  115, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundxy  oivil  act  of  Jane  4, 1887. 


Apprqpri4UUm9, 


Act  of— 

June  14, 1880 $10,000 

August  2, 1882 10,000 

July  6, 1884 10,000 

August  6, 1886 20,000 

August  11, 1888  * 26,000 

September  19, 1890 1 80, 000 


Act  of— 

July  18, 1892..: $26,000 

August  18, 1894 20,000 

June  8, 1896 20,000 

Total 170^000 


Ahsiraot  of  otmtraoi  im  foree  during  fi$cal  year  ending  June  SO,  1898,  far  eoBtmdimg  (If 

eouih  jetty  at  mauih  of  Coquille  Eiver,  Oregon. 


Contractor. 

Date  of 
contract. 

Date  of 
approval. 

Date  of  begin- 
ning wonL. 

Date  of 
expiradoD. 

Daniel  Kern , 

Deo.  26,1896 

Jan.    7,1887 

May    1,1897 

Deo.  81.1897 

COMMERCIAL  STATISTICS. 


The  Coquille  River  is  in  the  collection  district  of  southern  Oregon.  Empire  Cily, 
on  Coos  Bay,  is  the  port  of  entry.  The  nearest  light-house  is  at  Rackcliffe  Rook, 
on  the  north  side  of  the  entrance. 


*  Five  thousand  dollars  of  this  appropriation  were  allotted  for  removing  snags 
between  Coquille  and  Myrtle  Point. 

tNot  to  exceed  $3,000  of  this  appropriation  were  to  be  expended  for  removal  of 
snags  between  Coquille  and  Myrtle  Foint. 
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Hie  following  siatiatios  are  for  the  calendar  year  1897 1 

BeoeipU  and  ahipmenti. 


Artioles. 


General  merohandise 

Wool 

Machinery 

Hay 

Total 

Lumber  and  Ion 
Coal ?.. 


Tona. 


8,210 
02 
21 


8,421 


12,761 
7.1 


Articlea. 


SHiPKBim— ooDttnaed. 

Katehwood 

Broom  handles , 

Salmon , 

Wool  and  woolen  gooda 

Hidea , 

Acrioaltoral  producta 

LlVeBtook 

MiaoeUaneova 

Total 


Tona. 


688 
417 
181 

61 
2 

82 
234 

68 


22.180 


JrrioaU  imd  departwres  of  veiaeU. 


Coaatlng  Toaada. 


ArrlTals... 
I>epartarea 

Total 


Aggregate 
tonnage. 

12,177 
12,242 


24.418 


Glawifioaiion  of  TOMels:  SohoonerBy  62;  steamers,  27;  togs,  6b 


TT3. 

IMPBOYEMEirr  OP   COQUILLE   RIVER,  OREGON,  BETWEEN   COQUILLE 

AND  MYRTLE  POINT. 

The  project  for  the  improvement  of  the  Coqnille  Eiver  in  the  13  miles 
between  Ooqaille  and  Myrtle  Point,  adopted  in  1892,  and  the  revised 
estimate  of  cost  (rei)orts  printed  in  the  Annual  Reports  of  the  Chief  of 
Engineers  for  1891,  Part  V,  pp.  3280-3283,  and  for  1896,  Part  V,  pp.  3350, 
3351)  provide  for  obtaining  a  channel  4  feet  deep  at  mean  low  water  and 
50  feet  wide,  so  that  small  steamers  may  ply  between  Coquille  and  Myrtle 
Point  at  all  times,  by  removing  snags  and  d(^.bris,  and  by  constructing 
wing  dams,  pile  dikes,  and  shore  protection  where  necessary  to  confine 
and  control  the  waters,  at  an  estimated  cost  of  $50,980.77,  exclusive  of 
$6,883.90  expended  in  removing  snags  as  authorized  by  the  acts  of  Con- 
gress of  August  11, 1888,  and  September  19, 1890. 

Up  to  June  30, 1897,  many  snags  had  been  removed,  and  wing  dams 
had  been  built  at  Eoberts  Landing  and  at  Backclifie  Bar,  about  2  miles 
below  Myrtle  Point,  efifecting  a  partial  improvement. 

On  May  1. 1897,  a  contract  was  entered  into  with  Noble  &  Saunders, 
of  Marshfield,  Oreg.,  for  removing  the  snags  that  had  come  into  the 
stream  since  it  was  last  cleared  out,  for  constructing  dikes  and  shore 
protection,  and  for  dredging  shoals.  (See  abstract  of  their  proposal,  p. 
3384  of  the  Annual  Report  of  the  Chief  of  Engineers  for  1897.)  The 
contractors  began  active  operations  on  June  18, 1897,  at  which  time  sec- 
tions of  the  river  above  Coquille  were  almost  impassable  at  low  tide  on 
account  of  snags;  37  days  were  devoted  to  removing  these  with  a  steam 
snag  scow  and  a  crew  of  8  men. 
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On  accoant  of  the  limited  sum  available,  the  eonstmctioii  of  dikes  and 
shore  protection  and  the  work  of  dredging  shoals  was  confined  to  that 
portion  of  the  river  between  Roberts  Landing  and  Backcliffe  Landing, 
a  distance  of  five-eighths  of  a  mile;  3,700  linear  feet  of  pile  and  bm^ 
dikes,  and  2,200  linear  feet  of  pile,  brash,  and  lumber  shore  protection 
were  constrncted,  and  a  channel  50  feet  wide  and  4  feet  deep  was  exca- 
vated throagh  gravel  shoals.  The  contractors  had  no  dredge,  bnt  nsed 
their  pile  driver  and  wheel  scrapers  and  deposited  the  excavated  mate- 
rial behind  the  dike  and  shore  protection.  The  following  is  a  snmmaiy 
of  the  materials  ftimished  and  work  performed  by  the  contractors, 
together  with  the  approximate  cost  of  same: 

Semaoing  9nag$. 

Snag  Boow  and  orew,  37  days,  at  $25  per  day •.    $026.00 

Powder,  caps,  and  foae 94.50 

$l,tJ19.50 

Constraoting  5.900  linear  fleet  of  dike  and  shore  proteetion : 

Piling,  34,288  linear  feet,  at  12i  cents  per  foot 4,279.75 

Lumber,  53,000  feet  B.  M.,  at  $12.50  per  1,000  feet 602. 60 

Spikes,  4,500  pounds^  at  7i  cents  per  pound S37.50 

wire,  3,200  pounds  (No.  12),  at  7i  cents  per  pound 240. 00 

Brush.  1,958  cords,  at  $2.25  per  cord 4,405.60 

Sandbags,  filled,  9,062,  at  12  cents  each 1,087.44 

11,012.» 

Dredging  shoals:  Excavating  2,402  cubic  yards  gravel,  at  15  cents  per 
cubic  yard 360,30 

Total  amount  paid  contractors 12,392.49 

Approximate  cost  i>er  linear  foot  of  dike 2.20 

Approximate  cost  per  linear  foot  of  shore  protection 1.30 

When  the  contractors  began  work,  on  June  18, 1897,  sections  of  the 
river  above  Coqaille  were  almost  impassable  at  low  tide,  because  of 
the  many  snags  that  had  accamnlated.  At  the  dose  of  operations  on 
October  12, 1897,  the  river  steamers  experienced  no  difficnlty  in  ran- 
ning  upstream  as  far  as  Boberts  Landing.  Small  bars  have  sinoe 
formed,  however,  which  prevent  the  steamers  from  navigating  th« 
stream  above  Norway,  3  miles  below  Myrtle  Point,  excepting  when 
the  stage  of  water  is  high. 

Money  atatement 

July  1, 1897, balance  unexpended •....•• $1S^440.9S 

June  30, 18Si8;  amount  expended  during  fiscal  year 13,279.91 

July  1, 1898,  balance  unexjpended 1G0.45 

July  1, 1898,  outstanding  fiabilities S.SO 

July  1, 1898,  balance  ayailable 157.25 


{    harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4^  1897. 


Appropriati(m$, 
Act  of— 

July  18, 1892 16,000 

August  18, 1894 5^000 

June  3, 1896 12,000 

Total 22,000 
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Ahairaei  of  contract  in  force  during  JUoal  year  ending  June  30, 1898,  for  dredging,  con- 
etructing  dikes,  etc.,  in  Coquille  Bivcr,  Oregon,  between  Coquille  and  Myrtle  Point. 


Contraoton. 


Noble  &  Saunders 


Date  of 
oontraot. 


May    1,1897 


Date  of 
approval. 


May  S8, 1887 


Date  of  begin 
ning  work. 


June  1,1807 


Date  of 
expiration. 


Deo.     1, 1897 


COMMBRCIAL  STATISTICS. 


The  traffic  on  the  Coqnille  Biyer  between  Coqnille  and  Myrtle  Point  during  the 
year  endine  December  31, 1897,  was  handled  by  the  steamers  Cumtnx,  of  2.25  tons 
capacity ;  uie  Myrl,  of  7.43  tons  capacity,  and  the  Balph,  of  10  tons  capacity,  the 
freight  carried  being  as  follows: 


Artldea. 


General  merohandisa,  machinery,  eto 

Bntter  and  cheese 

Bacon 

Lire  hogs 

Apples  and  potatoes 

Oats  and  baney 

Hai 


wEl. 


Total 


Up. 


Ton§. 
1,215 


1,216 


Down. 


Tons. 


400 

80 

65 

360 

300 

400 

1,260 


2,806 


Passengers,  np  and  down,  4,200. 


T  T  4. 

IMPROVEMENT  OP  ENTRANCE  TO  COOS  BAY  AND  HARBOR,  OREGON. 

The  original  project  for  improvement,  approved  November  24, 1879, 
provided  for  constnicting  the  jetty  described  in  the  Annual  Report  of 
the  Chief  of  Engineers  for  1880,  Part  III,  page  2323  (and  shown  also 
to  the  right  on  the  chart  opi)osite  page  2264  of  the  Annual  Report  of 
the  Chief  of  Engineers  for  1884,  Part  III),  to  scour  the  southerly  end 
of  the  north  sand  spit  to  prevent  contraction  of  the  channel  at  the 
entrance  to  the  bay  opposite  Coos  Head.  The  estimated  cost  of  the 
improvement  was  $600,000.  The  project  was  abandoned,  however, 
after  the  jetty  had  been  built  for  the  distance  of  about  1,760  feet,  at  a 
cost  of  $213,750,  on  account  of  the  adoption  of  the  present  project. 

The  present  approved  project  (report  of  Board  of  Engineer  Officers 
printed  in  the  Annual  Rei>ort  of  the  Chief  of  Engineers  for  1890,  pp. 
2936-2965)  provides  for  constructing  two  high-tide  rubblestone  jetties 
to  obtain  and  maintain  at  the  entrance  to  the  bay  a  low- water  bar 
depth  of  at  least  20  feet,  the  north  jetty  to  be  9,600  feet  long  and  the 
south  jetty  4,200  feet  long,  both  to  be  located  as  shown  on  the  chart 
opposite  page  3162  of  the  Annual  Report  of  the  Chief  of  Engineers 
for  1891,  Part  Y.  It  also  provides  for  reclaiming  and  holding  the  sands 
of  the  north  spit  to  prevent  them  from  being  blown  into  the  channel. 
The  estimated  cost  of  the  present  project  is  $2,466,412.20,  independent 
of  the  $213,750  expended  on  the  original  project. 

All  operations  have  been  confined  to  the  north  jetty.  The  method 
of  constructing  it  has  consisted  of  building  a  tramway  resting  on  piles 
driven  along  the  line  of  the  proposed  jetty,  upon  which  is  hauled  in 
dump  cars  the  loose  stone,  etc.,  to  be  dumped  in'place  in  the  jetty. 
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Several  acres  of  the  north  spit  have  been  planted  in  past  years  with 
yarioos  grasses,  etc.,  with  the  view  of  obtaining  definite  information 
with  reference  to  the  probability  of  saccess  in  efforts  to  reclaim  the 
sands  of  the  spit.  The  experiments  made  in  this  direction  have  demon- 
strated that  the  Holland  grass  {Arundo  arenaria)  can  be  employed  for 
the  purpose  with  more  or  less  saccess. 

NORTH  JETTT. 

Up  to  Jnne  30,  1897,  the  jetty  had  been  partially  built  throughout 
its  entire  projected  length  of  9,600  feet,  and  the  work  in  progress  at 
that  date  consisted  of  placing  additional  rock  on  the  jetty  under  a  con- 
tract with  Wakefield  &  Jacobsen,  dated  October  30, 1896,  at  52^  cents 
per  ton. 

Daring  the  past  fiscal  year  4,528  feet  of  the  jetty  were  brought  ap  to 
high-tide  level  under  the  contract  with  Wakefield  &  Jacobsen,  the  con- 
tractors having  placed  in  that  time  67,728-|V  tons  of  stone  (or  158,646|V 
all  told,  from  the  time  that  they  began  operations  under  the  contract  in 
December,  1896,  until  work  was  suspended  in  ^November,  1897). 

The  stone  used  was  taken  by  the  contractors  from  the  Government 
quarry  on  the  North  Fork  of  Coos  Eiver,  21  miles  from  the  north  spit 

The  contractors  transported  the  stone  in  scows  carrying  about  280 
tons  each.  The  scows  were  towed  from  the  quarry  to  the  north  spit  bj 
small  steamboats,  where  a  crew  of  13  men,  with  one  derrick  and  one  loco- 
motive, unloaded  the  stone  and  dumped  it  on  the  jetty.  The  stone  is 
a  soft  gray  sandstone  with  a  specific  gravity  of  2.35.  The  contraet 
required  that  one-fourth  of  each  scow  load  of  stone  should  consist  oi 
blocks  weighing  at  least  4  tons  and  not  exceeding  10  tons  each,  one-half 
of  blocks  averaging  2  tons  each,  and  one-fourth  of  blocks  weighing  not 
less  than  400  pounds  each,  the  blocks  to  be  angular  and  as  nearly  cubical 
as  possible. 

The  contractors  paid  a  monthly  rental  of  9500  for  the  use  of  the  Got- 
ernment  plant  at  the  site  of  the  jetty,  but  furnished  their  own  plant  at 
the  quarry. 

'  The  majority  of  the  stone  furnished  under  this  contract  was  placed 
along  the  outer  half  of  the  jetty. 

During  the  past  year  the  channel  over  the  bar  had  a  depth  ranging 
from  18  to  22  feet  at  mean  lower  low  water.  During  the  past  fall  tbe 
channel  was  well  south  of  the  jetty,  but  it  has  since  moved  gradaaUf 
back  to  its  normal  position  nearly  parallel  to  the  line  of  the  jetty. 

The  greater  part  of  the  tramway  is  nearly  eight  years  old,  and  wiD 
require  extensive  repairs  before  it  can  be  again  used.  The  same  is  true 
with  respect  to  the  plant. 

Money  statement 

July  1,1897,  balance  unexpended $59,733.(3 

Jane  30, 1898,  amount  expended  daring  fiscal  year 48, 731. 49 

July  1,1898,  balance  unexpended 10,992.1Jj 

July  1,1898,  outBtanding  liabiUties 65.  (» 

July  1, 1898,  balance  available -^ 10,9^7^ 

1  Amount  (estimated)  required  for  completion  of  existing  project 1, 941, 412.SI) 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  ^ 

30,1900 :. ....r :. 6O0,000.(» 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 
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ApproprMUmi, 


Act  of— 

March  3, 1879 $40,000 

March  3,1881 30,000 

August  2, 1882 30,000 

Jnly  5,1884 30,000 

August  6, 1886 33,750 

AngiiBt  11,1888 50,000 


Act  of— 

September  19, 1890 $125,000 

July  13, 1892 210,000 

AaguBt  18,1894 95,000 

June  8, 1896 95, 000 

Total 738,750 


AhBiract  of  eontraet  in  force  during  fiscal  year  ending  June  SO,  1898,  for  quarrying, 
franeporUng,  and  placing  etone  in  north  jetty  at  entrance  to  Cooa  Bay,  Oregon, 


Contnoton. 

Date  of 
oontraot. 

Date  of 
•pprovaL 

Dateofbeffin- 
ning  work. 

Date  of 
ezpiratioii. 

'WnlrftflAld  it  JftOohiMin. . ............■..*■.■.. 

Oct  80,1896 

Not.   7,1886 

Not.  30,1896 

Deo.     1,1897 

OOMMXRCIAL  8TATI8TIG8. 

Coos  Bay  is  in  the  colleotion  district  of  sonthem  Oregon.  Empire  City,  on  Coos 
Bay,  is  the  port  of  entry.  The  nearest  light-house  is  at  Cape  Arago,  on  the  south 
aide  and  west  of  the  entrance. 

The  following  statistics  are  for  the  calendar  year  1897: 

Bece^ii  and  ahipmenii. 


Aitiolea. 


MisoeUaneons  freight 

Totsl..... 

smPBODrra. 

Coal 

Lamber  (14,428,036  feet)  .. 

Latha 

Fire  and  match  wood 

Piles,  polee,  and  apara 

Shipkneea 

CranbflRiea 


Tona. 


10,072 


10,072 


74,640 

21.642 

469 

1,199 

208 

87 

16 


Artiolea. 


smPHKinB— o<mtinned. 

Chlttlm  bark 

Pickets 

Apples  and  potatoes 

Butter  and  cheese 

Hides  and  leather 

Cattle  and  hoga 

Pish 

Woolen  goods 

MisceUaneona 

Total 


Tona. 


24 

6 

2,452 

351 

54 

287 

1,007 

23 

3,244 


105,607 


ArrivaU  and  departuree  of  veeeeU. 


Steamers. 

Sailing  Tcsaels. 

TotaL 

Nomber. 

Tonnage. 

Number. 

Tonnage. 

Number. 

Tonnagew 

^.Txired • 

802 
299 

100,856 
60,982 

57 
57 

9,087 
10,077 

850 
856 

109,943 

Cleared 

71,009 

Total ,„,,-,„,,,---^- 

601 

161,788 

114 

19,164 

715 

180,958 

Numher  of  passengers  arrived  by  sea,  1,660;  departed  by  sea,  1,683. 
No  n«w  lines  of  trausportation  were  established  during  the  year. 
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T  T  5. 

DfPROYEMENT  OF  HARBOR  AT  0008  BAT,  OREGON  (DREDGING). 

The  status  of  this  proposed  improvement  has  not  changed  since  the 
last  report.  (See  Annual  Beport  of  the  Chief  of  Engineers  for  1897, 
pp.  3387^3388.) 

Monejf  statement. 

Jnly  1, 1897,  balance  unexpended 126,874.98 

July  1, 1898,  balance  unexpended 26^874.92 


i! 


.  i 


,  ( 


JpprcpriaHoiu, 

Act  of— 

Angnst  18, 1894 $1S,000 

June  3,  1896 14,880 

Total a7| 


T  T  6. 


mPROYEBIENT  OF  C008  RIYER,  OREGON. 

• 

The  project  for  improvement  (report  printed  in  the  Annaal  Beport  of 
the  Chief  of  Engineers  for  1895,  Part  Y,  pp.  3502-^605)  adopted  is 
1896,  provides  for  removing  snags  and  bowlders  and  catting  thiongh 
bars  where  necessary  to  secnre  a  channel  50  feet  wide  from  the  month 
of  the  river  in  Coos  Bay  to  the  head  of  tide  on  the  North  and  South 
Forks,  or  about  5^  miles  on  the  main  river  and  about  8}  miles  on  each 
fork,  at  an  estimated  cost  of  $5,(KK). 

The  removal  of  obstructions  was  actively  begun  on  July  16, 1897,  by 
hired  labor,  the  working  party,  consisting  of  10  men,  being  equipped 
with  an  old  snag  scow  belonging  to  the  Coquille  Biver  improvement^ 
rigged  with  a  hoisting  engine  and  various  tools  and  appliances  belonging 
to  other  appropriations.  The  steam  launch  Butcher  Boy  was  hired  at  the 
rate  of  $225  per  month  to  move  the  snag  scow  from  place  to  place. 

A  half-tide  dike  400  feet  long  was  built  on  the  right  side  of  the  chan 
nel  at  Carpenter  Shoal  in  South  Fork,  to  prevent  the  bank  from  sliding 
into  the  channel,  and  to  contract  and  aid  in  deepening  the  latter.  This 
dike  consists  of  1,050  tons  of  rock  deposited  along  af  row  of  78  piles. 
It  resulted  in  contracting  the  channel  to  its  normal  width  and  in  seoor- 
ing  it  out  so  that  the  least  depth  of  3  feet  at  low  tide  was  obtained 
where  formerly  the  depth  was  but  1  foot. 

Eleven  hundred  and  fifteen  large  snags  and  575  small  snags  were 
removed  from  the  main  river  and  the  two  forks.  These  were  placed 
high  on  the  banks  and  cut  up  into  lengths  of  10  to  12  feet. 

Eight  hundred  and  sixtv-two  bowlders  were  removed  fit>m  five  shoals 
in  the  two  forks.  A  number  of  old  piles  belonging  to  an  abandoned 
log  boom  in  the  North  Fork  which  completely  incloMd  about  one-ibarth 
of  a  mile  of  the  channel  were  also  removed. 

Operations  were  suspended  on  November  5, 1897,  at  which  time  the 
50-foot  channel  required  by  the  project  had  been  obtained*  The  chan- 
nel has  a  least  depth,  at  low  tide,  varying  from  2  to  3  feet  throughoat 
the  22^  miles  covered  by  the  project. 


I 


APPENDIX  T  T — BEPQBT  OP  MAJOR  FI8K. 


2967 


While  the  work  done  during  the  past  fiscal  year  has  not  been  the 
means  of  materially  increasing  the  commerce  of  the  stream,  it  has  made 
it  possible  to  handle  the  commerce  more  expeditiously  and  with  less 
difficulty  than  before. 

Prior  to  Jnly,  1897,  nothing  had  ever  been  done  toward  improving  the 
stream,  and  its  channel  was  fbnnd  to  be  so  thickly  stndded  with  snags- 
that  it  was  not  possible  to  remove  all  of  them  with  the  funds  available. 
Only  the  most  troublesome  obstructions  were  removed.  It  is  estimated 
that  the  smaller  obstructions  which  were  left  in  the  stream  can  be 
removed  for  {3,000  in  addition  to  the  present  available  funds,  and  that 
$1,500  annually  will  be  sufficient  to  maintain  the  desired  channel. 

Money  statement 

July  1, 1897,  balance  imexpended $4,870.00 

Jniie  30,  ISdS,  amount  expended  during  ftsoal  year 3, 734. 74 

July  1, 1896^  balance  unexpended 1, 136. 26 


AppropriaiUm. 
Act  of  June  3^  1886 $S,000 


COMMERCIAL  8TATI811G8. 


The  trafiBo  on  Coos  River  dnring  the  calendar  year  ending  December  81, 1897,  was 
handled  by  steamer  Coot  MiveTf  of  8.30  tons  capacity;  Butcher  JBay,  of  2.60  tons 
capacity;  MilUmf  of  11.94  tons  capacity,  and  the  Alert,  of  40  tons  capacity. 

The  freight  carried  was  as  follows : 


Artides. 


DOWN. 

Batter  and  oheeae 

Potatoes 

Beef,  etc 

Hay 

Fruit 

HkLea 

Hog* 

Honey 

Vegetables 

SauMm 


TODB. 


78 

1,600 

160 

500 

900 

12 

28 
2 

80 
485 


Axticlea. 


DOWN— oontinaed. 

Milk 

Logs 

Misoellaneooa  fireight 

UP. 

Gtonend  merohandise,  loggers'  supplies, 
tools,  implements,  eto 

Total 


Tons. 


1,109 

10,200 

180 


1,900 


16,534 


Passengers  carried  on  the  river  by  the  boats,  about  6,000. 


TT7. 
IMPROVEBfENT  OP  UMPQUA  RIVEB,  OBEOON. 

The  origiDal  project  for  improvementy  adopted  in  1871.conseqaentto 
report  of  December  12,  1870  (printed  in  the  Annual  Keport  of  the 
Ohief  of  Engineers  for  1871,  p.  909),  bat  abandoned  consequent  to 
reports  printed  in  the  Annual  Keport  of  the  Ohief  of  Engineers  for  1872, 
pages  986  and  988-989,  provided  for  blasting  and  removing  obstructing 
nMdLB  in  the  70  or  80  miles  of  the  stream  between  Scot;tAV>\ix%^SDL^^^A*^i^ftr 
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bnrg,  to  aid  light-draft  steamboats  to  navigate  that  portion  of  the 
river,  at  an  estimated  cost  of  $22,500. 

In  1885  the  Secretary  of  War  authorized  the  exx>enditnre  of  the  then 
unexpended  balance  of  the  appropriation  of  {22,500  of  March  3, 1871, 
in  removing  some  reefs  near  and  below  Scottsborg,  so  as  to  secure  a 
channel  3  feet  deep  and  60  feet  wide  at  low  water  (reports  printed  in 
the  Annual  Reports  of  the  Chief  of  Engineers  for  1^80,  Part  III,  pp. 
2333-2336,  and  for  1886,  Part  III,  p.  2006). 

In  1890  the  project  was  extended,  consequent  to  reports  dated  Jan- 
uary 31,  1887,  and  December  22, 1888  (printed  in  the  Annual  Reports 
of  the  Chief  of  Engineers  for  1887,  pp.  2499^-2501,  for  1889,  pp.  2527-2528, 
and  for  1890,  pp.  3005-3009),  to  provide  for  removing  ledges  and  bowlders 
at  and  below  Scottsburg,  so  as  to  obtain  a  channel  4  feet  deep  and  50 
feet  wide  at  low  water  in  the  26  miles  fix>m  Scottsburg  to  the  mouth  of 
the  river  in  the  Pacific  Ocean.  The  revised  estimate  of  1894  ( Annoal 
Report  of  the  Chief  of  Engineers  for  1894,  Part  IV,  pp.  2570-2571) 
placed  the  additional  amount  required  to  complete  the  project  at  $6,000, 
making  the  total  cost  (39,500,  including  all  previous  appropriations. 

The  operations  up  to  June  30, 1897,  resulted  in  the  removal  of  many 
of  the  principal  natural  obstructions  above  Scottsburg,  under  the  origi- 
nal project,  in  considerably  improving  the  conditions  from  Scottsburg 
to  the  sea  under  the  project  for  a  channel  3  feet  deep  and  50  feet  wide 
at  low  water,  and  in  beginning  the  work  of  securing  a  channel  4  feet 
deep  and  50  feet  wide  at  low  water  from  Scottsburg  to  the  sea  under 
the  present  ])roject. 

A  contract  for  blasting  and  removing  stone  firom  the  sandstone 
ledges  below  Scottsburg  was  entered  into  with  Formile  &  Fastabend, 
ot  Astoria,  Greg.,  on  May  1, 1897.  The  contractors  began  work  on  the 
ledges  on  July  22, 1897,  and  completed  the  work,  as  far  as  the  available 
funds  would  permit,  on  October  20, 1897.  The  plant  used  by  the  con- 
tractors consisted  of  a  steam  derrick  scow  and  two  drill  floats.  All 
drilling  and  loading  of  holes  was  done  by  hand  from  the  floats,  and 
the  charges  were  fired  by  electricity  from  the  shore.  The  crew  usnailj 
consisted  of  10  laborers,  1  diver,  and  1  foreman. 

Throughout  the  time  that  the  work  was  in  progress  the  river  was 
at  a  low  stage,  and  at  times  of  low  tide  much  of  the  blasted  rock  was 
handled  by  tbe  laborers  in  the  water.  At  times  of  high  tide  this  work 
was  done  by  the  diver.  The  range  of  tide  was  usually  about  4  feet 
The  rock  was  hoisted  upon  the  derrick  scow — large  pieces  with  rock 
hooks  and  small  pieces  in  a  wire  basket — and  each  load  was  measured 
by  water  displacement.  The  scow  was  then  hauled  well  to  the  side  of 
the  channel  by  means  of  lines  running  to  the  shore,  and  the  stone  was 
thrown  ofi'.  The  average  amount  of  stone  removed  per  day  was  aboal 
9  cubic  yards.  The  total  amount  of  stone  blasted  and  removed  by  the 
contractors  was  633.68  cubic  yards,  for  which  they  were  paid  $8  per 
cubic  yard. 

Although  the  sum  available  for  prosecuting  the  work  did  not  permit 
of  obtaining  the  low- water  depth  of  4  feet  at  all  points,  it  is  believed 
that  the  channel  as  improved  meets  the  present  requirements  of  the 
one  small  steamer  of  about  20  inches  draft,  which  makes  duly  trips 
between  Scottsburg  and  the  mouth  of  the  river. 

Money  statement. 

July  1, 1897,  balance  anexpended • $5,870.(8 

Jane  30, 1898,  amount  expended  daring  fiscal  year ••••••••••••••••      5)689-91 

July  1, 1898y  balance  unexpended •—.••—•••..        MOlU 


/ 
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Appropriaiiom. 

Act  of— 

March  3, 1871 $22,500 

Angnstll,  1888 2,000 

September  19, 1890 9,000 

June3,  1896 6,000 

Total 39,500 


Ahstraot  of  coniraet  in  force  during  fiscal  year  ending  June  SO,  1898^  for  excavating  rock 

in  Umpqua  Biver,  Oregon. 


Ck>iitraotorB. 

Date  of 
oontraot. 

Date  of 
appiovaL 

Dateofbeein- 
ning  work. 

Date  of 
expiration. 

'Kormif^  A  Tf^tfth^nd  .,^,-.-,^..,,,,,-.^.^.. 

May  1,  1897 

May  ^0.1897 

July  1, 1897 

Not.  1. 1897 

COMMERCIAL  STATISTICS. 

Umpqua  River  is  in  the  oollection  district  of  Son  them  Oregon.  Empire  City,  on 
Coos  Bay,  is  the  nearest  port  of  entry.  The  nearest  light-house  is  one-half  mile 
sonth  of  the  entrance  to  the  river. 

The  following  statistics  for  the  year  ending  December  31, 1897,  have  been  furnished 
by  Mr.  O.  B.  Hinsdale,  of  the  Gardiner  Mill  Company  and  Umpqua  River  Steam  Navi- 
gation Company:  . 

UMPQUA  RITXB  TRAFFIC. 

Steamer  Eva,  stem-wheel,  about  20  inches  draft,  made  daily  trips  between  Gar- 
diner and  Scottsbur^,  171  miles,  carrying  1,500  tons  of  freight  and  2,050  passengers. 

Smith  River  empties  into  Umpqua  River  from  the  north  about  2  miles  above  Gar- 
diner. Steamer  Juno,  propeller,  22.28  tons,  made  triweekly  trips  between  Gardiner 
and  Sulphur  Springs,  on  Smith  River,  about  15  miles  above  its  month,  carrying  500 
tons  of  freight  and  960  passengers. 

COASTWISE  TRAFFIC. 

The  number  of  coastwise  vessels  arriving  and  clearing  at  Umpqua  River  during 
the  year  was  80.    Of  these  45  were  steamers  and  35  sailing  vessels. 


BeceipU  and  ihipmenti. 


i 

Articlee. 

Received. 

Shipped. 

GeiMTal  m^rchaii'llM .4t.....^.i.x.m..x 

Tons. 

1,600 
10 

Tom. 

Afrricnltural  impj^mente 

Lomber -.T 

17,000 

Latha 

900 

Grain 

600 

Cattle 

360 

Batter. fruit. fare. etc......... -  -                     -- 

60 

Total 

1,610 

18,910 

Estimated  value  of  imports •• $142, 500 

Estimated  valne  of  exports 150, 600 
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DfPROYEMENT  OF  MOUTH  OF  SIUSLAW  RIVER,  OREGON. 

The  project  for  improvement  approved  by  the  Secretary  of  War  on 
Angast  4, 1891  (report  printed  in  the  Annual  Bei>ort  of  the  Chief  of 
Engineers  for  1891,  Part  Y,  pp.  3175<^182),  provides  for  obtaining  and 
maintaining  a  depth  of  8  feet  at  low  tide  on  the  bar  at  the  entrance  to 
Siuslaw  Biver  by  constructing  a  north  jetty  4,500  feet  long,  and  a  soath 
jetty  3,200  feet  long,  located  as  shown  on  the  charts  opposite  page  3174 
and  page  3178  of  the  Annual  Report  of  the  Chief  of  Engineers  for  1891, 
at  an  estimated  cost  of  9700,000. 

The  project  provides  that  the  north  jetty  shall  be  constructed  before 
the  south  jetty. 

NORTH  JBTTT. 

Up  to  February,  1897,  the  receiving  wharf,  a  railway  trestle  3,029 
feet  long,  running  from  the  receiving  wharf  to  the  root  of  the  jetty,  and 
483  feet  of  the  jetty  itself,  had  been  constructed. 

A  contract  was  entered  into  on  February  3, 1897,  with  Wakefield  & 
Jacobsen,  of  Portland,  Oreg.,  which  provided  that  the  contractors 
should  fhrnish  all  the  labor  and  materials  necessary  to  extend  the 
jetty  as  far  as  practicable  with  the  available  funds,  by  repairing  and 
extending  the  tramway,  by  laying  a  brush-mattress  foundation  for  the 
enrockment  of  the  jet^  where  it  was  necessary  to  found  the  latter  on 
deep  sand,  and  by  dumping  thereon  the  enrockment.  It  also  provided 
that  the  Oovemment  plant  used  on  the  work  in  past  years  should  be 
turned  over  to  the  contractors  for  use  in  carrying  on  the  work  under 
.their  contract,  for  which  use  they  were  to  pay  the  sum  of  $200  per 
month. 

The  contractors  began  operations  in  May,  1897,  and  between  then  and 
December  21,  1897,  when  operations  were  suspended,  furnished,  in 
place,  the  following-named  quantities  of  materials,  at  the  prices  stated 
in  the  abstract  of  their  proposal  printed  in  the  Annual  Beport  of  the 
Chief  of  Engineers  for  1897,  page  3392 : 

Piles Iiii6arf©et..    7,578 

JiiimbeT feetB.M..  85,743 

Drift  bolta pounda..     1,850 

Brush  mattress ^ cubic  yards..    1,8871^^ 

Stone ./. tons..  42,427i 

Under  this  contract  the  tramway  and  jetty  were  repaired,  and  also 
extended  428  feet,  giving  the  jetty  proper  a  total  length  of  911  feet 

The  jetty  is  up  to  high-tide  level  throughout  that  distance. 

The  north  jetty  has  reached  a  point  where  all  future  extension  may 
be  expected  to  have  a  more  or  less  beneficial  influence  on  the  ri?er 
entrance.  In  its  present  state  it  is  probable  that  it  will  at  least  prevent 
the  channel  from  shifting  as  far  to  the  north  as  formerly.  It  is  when 
the  channel  is  in  this  northern  position  that  the  worst  conditions  pre- 
vail. The  river  entrance  channel  is  now  some  distance  south  of  the 
jetty,  with  a  sand  spit,  bare  at  low  tide  and  nearly  parallel  to  the  jetty, 
which  protects  it  at  present  from  the  scouring  action  of  the  current  The 
channel  is  nearly  straight,  has  a  mean  low-tide  depth  of  7^  feet^  equiv- 
alent to  14  feet  at  mean  high  tide,  and  the  latter  affords  a  safe  entrance 
for  the  vessels  engaged  in  the  lumber  trade  of  the  Pacific  Coast. 
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Money  statement. 

Jnly  1, 1897,  balance  unexpended ^ $26,672.63 

June  30, 1898,  amount  expended  during  fiscal  year 24, 576. 93 

Jaly  1, 1898,  balance  unexpended 2, 095. 70 

July  1, 1898,  outstanding  liabilities 60.00 

Jnly  1, 1898,  balance  available 2,035.70 

(Amount  (estimated)  required  for  completion  of  existing  project 578, 000. 00 
Amounttbatcanbeprofitably  expended  in  fiscal  year  ending  June  30, 1900  100, 000. 00 
Submitted  in  compliance  with  reouirements  of  sections  2  of  river  and 
harbor  acta  of  1866  and  1867  ana  of  sundry  civil  act  of  June  4, 1897. 


Appropriatiana. 
▲ot  of— 

September  19,1890..., $50,000 

July  13, 1892 20,000 

Angust  18, 1894 25,000 

June  3, 1896 27,000 

Total 122,000 


Ahttraei  of  contract  in  force  during  JUcal  year  ending  June  SO,  1898,  for  extending  nortJi 

jetty  at  mouth  of  Siuelaw  Biver,  Oregon, 


Contractors. 

Date  of 

contract. 

Date  of 
approval. 

Date  of  begin- 
ning work. 

Date  of 
expiration. 

Wakeflold  A  Jsoobaen 

Feb.    8,1897 

Feb.  87,1887 

May    1,1897 

Dec   81,1897 

COMMERCIAL  STATISTICS. 


The  Siuslaw  River  is  in  the  collection  district  of  Taquina,  on  Yaqnina  Bay.  The 
nearest  liffht-house  is  at  Heceta  Head,  8^  miles  north  of  the  river  entrance. 

The  following  statement  of  traffic  for  the  year  ending  December  31, 1897,  has  been 
compiled  from  the  monthly  reports  of  Mr.  Morton  L.  Tower,  of  Florence,  O^g. 

Beceipti  and  ehipmente. 


ArUclM. 


RIOSIPTB. 


Floor  and  feed 

General  merchandise 


Total 


Tons. 


86 


1,051 


Artldea. 


Salmon 

Lumber  (328.000  feet  B.  M.) 
Qeneral  proanoe 


Total 


Tons. 


748 
292 

132 


1,170 


» 

ArrivaU  and  departuret  ofveeeeU. 

Coasting  vessels. 

Number. 

Aggregate 
tonoage. 

ArriTsla 

89 
89 

1.608 

Dqiartarea - 

1.468 

• 

Total ^. 

78 

8,000 

Classification  of  vessels :  Steamers,  56;  tugs,  16;  sail  vaasela,  6.    Number  of  pas- 
aeogera  arrived  by  sea,  124;  departed  by  sea,  159. 
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TTg. 
mPBOYEMENT  OF  AL8EA  RIVER,  OREGON. 

The  project  for  improvement  (report  of  sarvey  printed  in  the  Annual 
Keport  of  the  Chief  of  Engineers  for  1895,  Part  V,  pp.  3505^3509) 
adopted  in  1896,  provided  for  removing  isolated  rocks,  and  snags, 
stumps,  etc.,  in  the  31  miles  of  river  from  the  apx)er  forks  down  to  the 
head  of  tide,  so  as  to  provide  a  less  dangerous  means  for  transporting 
the  products  of  the  Upper  Alsea  Valley  during  the  higher  stages  of 
the  stream.  The  products  are  brought  down  in  roughly  oonstmcted 
push  boats,  costing  from  $16*to  $20  each,  which  are  abandoned  at  the 
end  of  the  trip.  The  estimated  cost  of  the  improvement  was  placed  at 
♦3,000. 

Under  a  contract  with  Oharles  P.  Ohurch,  of  Portland,  Greg.,  dated 
February  10, 1897,  the  isolated  rocks  and  snags,  logs,  stumps,  etc, 
which  formerly  obstructed  navigation  at  high  stages  in  the  31  miles 
covered  by  the  project  were  removed,  and  the  trees  and  brush  on 
several  islands  were  cut  to  the  ground  and  burned  to  prevent  them 
from  collecting  drift.  The  contractor  began  work  on  June  25, 1897|  and 
completed  it  in  September,  1897. 

Money  itatemenU 

Jaly  1, 1897,  balance  unexpended ••.••••....••  $2,970.81 

Jane  30, 1898,  amount  expended  during  flsoal  year 1,920.19 

July  1, 1898,  balance  imexpended •••••    1,050.62 

Appropriation. 
Act  of  June  3, 1896 |3;000 


Ahatraei  of  eontraet  in  force  during  fiscal  year  ending  June  SO,  1898,  for  remotfing  o^ffnl^ 

tiont  tm  AUea  River,  Oregon, 


,/-^ 


Contmotor. 

Date  of 
oontraot. 

Date  of 
approTil. 

Dateofbeein* 
ning  work. 

Date  of 
ezpiiatkn. 

GhfurlM  "P,  CThnroh 

Feb.  10,1897 

Feb.  18.1897 

(a) 

Oet    18.UV7 

a  The  oontract  provided  that  work  ahould  be  begun  by  the  oontraotor  aa  early  In  1887  aa  the  ooadl . 
tlon  of  the  river  would  permit. 

It  has  been  impraotioable  to  obtain  commercial  statUtice  for  this  Btnam, 


TT  xo. 


IMPEOVEMENT  OF  YAQUINA  BAT,  OREGOIT. 

Prior  to  improvement  the  depth  over  the  bar  at  the  entrance  to  the 
bay  varied  from  7  to  8  feet  at  low  tide,  and  there  were  three  shiftiDg 
channels  which  constantly  changed,  not  only  in  positioi^  bat  ^so  in 
depth.    The  mean  rise  of  tide  was  about  7  feet. 
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The  original  project  of  I860*  and  the  modihed  projects  and  revised 
estimates  of  cost  of  1882, 1 1888, 1 1890,  §  and  1892 1|  provided  for  con- 
structing two  high-tide  rabblestone  jetties,  the  south  jetty  to  be  3,748 
feet  long  and  the  north  jetty  2,300  feet  long,  to  permanently  close  up 
the  south  channel  and  deflect  the  flow  of  the  waters  so  as  to  scoar  out 
and  maintain  the  middle  channel  with  the  least  depth  of  17  feet  at 
high  tide,  at  an  estimated  cost  of  $755,000.  The  jetties  provided  for 
by  the  foregoing  projects  were  practically  complete  at  the  close  of  the 
fiscal  year  ending  June  30, 1896,  and  tlurough  their  agency  the  south 
channel  had  been  permanently  closed  up  and  the  depth  of  15  feet  at 
mean  lower  low  water  obtained  in  the  middle  channel.  . 

The  sundry  civil  act  of  March  2, 1895,  provided— 

That  the  President  of  the  United  States  is  hereby  authorized  to  appoint  a  board, 
to  consist  of  three  officers  of  the  Engineer  Corps,  who  shall  make  an  examination 
of  the  bar  of  the  Yaquina  Bay,  in  Oregon,  with  a  View  to  a  project  for  deeper  water, 
and  shall  report  the  resnlt  of  sach  investigation,  with  estimate  of  cost,  to  the  next 
regular  session  of  Congress. 

The  report  of  the  board  of  officers,  dated  October  11, 1895  (printed 
in  the  Annual  Beport  of  the  Ghief  of  Engineers  for  1896,  Part  V ,  pages 
3284-^3309),  was  in  effect  that  if  any  further  permanent  deepening  of , 
the  bar  could  be  made  it  would  be  only  by  extending  the  north  jetty 
2,100  feet  and  the  south  jetty  2,000  feet,  the  new  portions  of  the  jetties 
to  be  paraUel  and  1,000  feet  apart,  and  to  be  built  of  heavy  riprap 
brought  up  to  the  level  of  high  tide.  The  board  in  its  report  also  sub- 
mitt^  that,  in  the  event  that  such  further  extension  of  the  jetties  was 
made,  the  south  jetty  should  have  on  the  channel  side  groins  of  riprap 
every  300  feet,  to  prevent  it  from  being  undermined;  that  a  spur  800 
feet  long  should  be  built  from  the  channel  side  of  the  present  south 
jetty,  for  the  purpose  of  obtaining  a  greater  depth  of  water  over  the 
inner  bar,  that  had  formed  in  recent  years;  and  that  all  projecting 
rocks  in  the  path  of  vessels  should  be  blasted  out  to  the  general  level 
of  the  rock  bottom.  The  cost  of  this  additional  work  was  estimated 
by  the  board  at  $1,025,800,  making  the  estimated  total  cost,  including 
previous  appropriations,  $1,710,800. 

The  river  and  harbor  act  of  June  3, 1896,  appropriated  $25,000  for 
the  work,  and  also  provided — 

That  contracts  may  be  entered  into  by  the  Secretary  of  War  for  snch  materials 
and  work  as  may  be  necessary  to  complete  the  project  as  recommended  by  the  Board 
of  Officers  of  the  Engineer  Corps  October  eleventh,  eighteen  hundred  and  ninety- 
five,  to  be  paid  for  as  appropriations  may  from  time  to  time  be  made  by  law,  not  to 
exceed  in  the  aggregate  one  million  dollars,  exclusive  of  amonnt  herein  and  hereto- 
fore appropriated. 

Under  date  of  February  16, 1898,  the  Secretary  of  War  authorized 
that  a  continuing  contract  be  made  for  prosecuting  the  work  outlined 
in  the  report  of  the  board  of  engineer  officers  dated  October  11, 1895, 
and  in  accordance  with  the  act  of  Congress  of  June  3, 1896.  The  speci- 
fications for  the  proposed  contract  were  forwarded  on  March  12, 1898, 
and  were  approved  by  the  Secretary  of  War  May  9, 1898. 

As  there  is  a  possibility  that  further  extension  of  the  south  jetty  may 
not  be  necessary,  the  specifications  of  the  contract  which  it  is  proposed 
to  enter  into  require  that  the  north  jetty  shall  be  extended  first. 

Ko  work  was  done  on  the  jetties  during  the  past  fiscal  year  beyond 
that  incident  to  watching  them  and  the  plant  and  other  property  used 
in  former  years  in  constructing  them. 


*  Annual  Report,  Chief  of  Engineers^  1S81,  Part  III,  p.  2589. 

t  /Wd.,  1882,  Part  III,  p.  2679.  %  I  bid.,  1890,  p.  2967. 

t Ibid;,  1889,  Part  IV,  p.  2617.  ||  Ibid.,  189^,  Y«t\. IN , ^.^SKl- 
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According  to  reports  made  by  masters  of  steamers,  the  depth  of 
water  on  the  bar  at  low  tide  during  the  past  ;>ear  has  ranged  from  14 
to  16  feet. 

Monejf  statement. 

July  1, 1897,  balance  unexpended $2B,04t04 

June  30,  1898,  amount  expended  during  fiscal  year 2, 420.32 

July  1,1898,  balance  unexpended 22,620.72 

July  1, 1898,  outstanding  liabilities 85.33 

July  1, 1898,  balance  ayailable 22,535.89 

(Amount  (estimated)  required  for  completion  of  existing  project 1, 000, 000. 00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June 
30,1900 4oqp0oaoo 
Submitted  in  oomplianoe  with  requirements  of  sections  2  of  river  and 
harbor  acta  of  1866  and  1867  and  of  sundry  cIyU  act  of  June  4^  1887. 
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JppropriatioM. 


Act  of— 

June  14,  1880 .'  $40,000 

March  3. 1881 10,000 

August  2, 1882 60.000 

•  July5,1884 50,000 

August  5, 1886 75, 000 

August  11, 1888 150,000 


Act  of— 

September  19, 1890 $165,000 

July  13, 1892 85,000 

August  18, 1894 50,000 

Jnne  3, 1896 25,000 

Total 710^000 


OOMMIBRCIAL  STATISTIOS. 


.!■      r 


!     t 


Taquina  Bay  is  in  the  collection  district  of  Yaquina.    Taquina  City  is  the  port  of 
entry .    The  nearest  light-house  is  at  Yaquina  Head,  4i  miles  north  of  the  entrimce. 
The  following  statistics  are  for  the  calendar  year  1897: 
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Arrivals  and  departures. 


Traokee 

TUlsmook 

Preeident 

Robarto  (tng).. 
Tonquin  (tug)  . 

Homer 

Chilkat 

Protection 

South  Coast ... 

Noyo 

W.  H.  Harrison 

Biamark 

Farallon 

Columbine 

Sesolnte  (tng) . 
Scotia 


Steam  vessels. 


Total 


Tonnage. 


295.84 
208.67 


24.15 

18.61 

881.04 

ioe.45 


209.85 
229.84 

52.86 
144.40 
665.66 
212.07 

44.99 
132.73 


Draft. 
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18.6 


Arrivals. 
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TT  II. 

IMPROVEMENT  OF  NE8TUGGA  RIVER.  OREGON. 

The  river  and  harbor  act  of  Jane  3, 1896,  provided  $6,000  to  remove 
a  rocky  reef  on  the  south  side  of  the  entrance  to  Nestugga  Bay  about 
100  feet  long,  from  24  to  30  feet  wide,  and  rising  to  about  the  level  of 
extreme  low  tide,  which  interfered  with  navigation  (report  printed  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  1895,  Part  Y,  pp. 
3509-^510). 

The  work  of  removing  the  reef  under  a  contract  with  Normile  & 
Fastabend,  of  Astoria,  Oreg.,  dated  May  1, 1897,  at  the  rate  of  $3.75 
f>er  cubic  yard,  was  begun  late  in  May,  1897,  and  was  completed  in 
October,  1897, 1,388  cubic  yards  of  stone  having  been  blasted  from  the 
reef,  giving  the  depth  of  9  feet  at  low  tide  over  it. 

Money  statement, 

July  1, 1897,  balance  nnezpended ••••    $5,917.22 

Jnne  30, 1898,  amount  expended  daring  fiscal  year 5,385. 10 

July  1,  1888,  balance  unexpended 532.12 


Appropriation, 


Act  of  Jane  3,  1896 


16,000 


Abstract  of  contract  in  force  during  fiscal  year  ending  June  SO,  1898,  for  removing  a  rocky 
reef  to  the  depth  of  9  feet  below  low  water  in  the  throat  of  the  entrance  to  Nestugga  Bay, 
Oregon, 


Contracton. 

Date  of 
oontraoi. 

Date  of 
approral. 

Date  of  begin- 
ning work. 

Date  of 
expiration. 

ITormlle  A  Fastabend.. .•••••.••...... 

May    1,1887 

May  20, 1897 

Jnne  1,1897 

Deo.     1,1887 

It  baa  not  been  practioable  to  obtain  commercial  Btatlstios  for  this  locality. 
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T  T  xa. 

nfPROYEMENT  OF  TILLAMOOK  BAT  AND  BAR,  OREGON. 

The  project  for  improvement  and  the  work  accomplished  np  to  the 
end  of  the  last  fiscal  year  are  shown  in  detail  in  the  Anuual  Report  of 
the  Chief  of  Engineers  for  1897,  Part  lY  (pp.  3397-3404). 

A  chart  of  Tillamook  Bay,  showing  the  foar  channels  in  the  bay  and 
the  several  streams  which  empty  into  the  bay  from  the  soatheast, 
appears  between  pages  3248  and  3249  of  the  Annual  Eeport  of  the 
Chief  of  Bngiueers  for  1896. 

On  accoaut  ofthe  limited  sum  available  the  expenditures  during  the 
fiscal  year  ending  June  30, 1898,  were  confined  to  payment  for  services 
of  a  watchman  and  to  removing  an  occasional  troublesome  snag  in 
Hoquarten  Slough. 

Money  statefMnU 

July  1, 1897, balance  nnezpended $1,478.14 

June  30, 1898,  amonnt  expended  doring  fiaoal  year 548.06 

July  1, 1898,  balance  unexpended 930.06 

%  r  Amonnt  ( esti mated)  required  for  completion  of  existing  proj ect 62, 000. 00 

I  Amonnt  that  can  be  prohtabl^  expended  in  fiscal  year  ending  Jone  30,  J.900  52;  000. 00 
]  Submitted  in  compliance  with  requirements  oi  sections  2  of  river  and 
[    harbor  aots  of  1866  and  1867  and  of  sundry  oiTil  aot  of  June  4^  1897. 


ApprapriatiouB, 
Act  of— 

August  11, 1888 $5,200 

September  19,1890 600 

July  13,1892 15,000 

August  18, 1894 16,000 

June  3, 1896 17,000 

Total 68,700 


OOMMBRCIAL  8TATI8TIGS. 

Tillamook  Bay  is  in  the  collection  district  of  Oregon.  Astoria,  near  the  mouth  of 
the  Columbia  River,  is  the  nearest  port  of  entry. 

Nearest  light-house  is  at  Cape  Meapes,  about  4  miles  south  of  the  entrance. 

The  following  statistics  for  the  calendar  year  ending  December  31,  1897,  were  far- 
nished  by  Mr.  F.  K.  Madison,  inspector  of  customs  at  Bay  City,  Ore^. : 

The  number  of  vessels  arriving  at  and  clearing  from  Tillamook  Bay  during  th« 
year  was  141,  of  which  100  were  steamers  and  41  were  schooners. 

BtoeipU  and  thiymenti. 


▲rtiolM. 

Beoelpts.!                         AriielM. 

Ship- 
ments. 

fik^TYAml  ni<^rohan4lHf> 

Tons, 

8,400 

60 

600 

60 

Lumber  (15.000.000  feet) 

22.500 

Machinery  And  imnlcnienta ............. 

Canned  luUnion  (in  ca9es)  .............. 

875 

Flnflr  tmn  *>«d 

Salted  salmon  (in barreU).. ...... ...... 

» 

Cannerv  (inpplim 

Batter  and  cheese .•.••.......... 

2.000 

Total 

Total 

4,000 

25,405 

Passengers  arrived  by  sea  during  the  year  . . 
Passengers  departed  by  sea  during  the  year. 


400 
600 
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Coa$iwi$e  fray  and  river  traffic. — Steam  sohooner  W,  B,  ffarriaon,  draft  7  feet,  tonnage 
75,  matle  irregular  trips  between  Astoria,  Ore^.,  and  Tillamook  City,  Oreg.  Steam 
•ohooner  Miamif  of  Tillamook  City,  draft  5  leet,  tonnage  42,  plied  between  ports 
whenever  traflB^o  was  offered  it.  Steam  schooner  B.  P.  Elmore,  tonnage  62,  made  reg- 
ular tripe  between  Astoria  and  Tillamook  City  every  ei^ht  days.  Steam  lann^ 
LouieOf  tonnase  8,  and  gasoline  launch  Irene,  tonnage  3,  piled  between  the  different 
points  on  the  oay,  doing  a  general  freight  and  passenger  oosineaa. 


T  T  13. 

mpROVEMEirr  of  upper  Columbia  and  snake  riyers,  oreoon 

AND  WASHINGTON. 
(This  work  was  fai  the  ohftrge  of  Oapt  Hany  Taylor,  Oorpa  of  Xngineera,  imtQ  Noramher  10^  1897.] 

The  aboTe  is  the  official  designation  of  the  125  miles  of  the  Oolumbia 
Biyer  firom  Celilo,  Oreg.,  ap  to  the  mouth  of  Snake  Kiyer,  and  the  150 
miles  of  the  latter  stream  firom  its  mouth  up  to  Asotin,  Wash.,  about  7 
miles  above  Lewiston,  Idaho.  Both  streams  in  these  275  miles  were 
origin^y  so  obstructed  by  rocky  bars,  rapids,  and  narrow  and  crooked 
channels  that  light-draft  steamboat  navigation  was  difficult  and  haz- 
ardous. Tbe  principal  obstructions  originally  existing  are  shown  in  the 
Annual  Reports  of  the  Chief  of  Engineers  for  1875  (Part  U,  p.  772-787) 
and  for  1877  (Part  II,  pp.  1036-1041). 

A  full  and  continuous  survey  from  Oelilo  to  Asotin  has  never  been 
made. 

The  first  appropriation  for  improving  Upper  Columbia  River  was  made 
by  the  act  of  Congress  of  June  10, 1872,  and  the  improvement  of  Snake 
£Uver  was  added  by  the  act  of  Congress  of  August  14, 1876. 

The  improvement  has  been  conducted  with  the  view  of  obtaining  a 
low- water  channel  depth  of  about  5  feet  in  the  Upper  Columbia  and 
about  4  feet  in  the  Snake  by  blasting  out  the  worst  obstructions  and 
by  constructing  deflecting  dikes  to  concentrate  and  deepen  the  water 
at  Log  Cabin  Kapids  and  Wild  Ooose  Island  Bapids,  both  in  Snake 
Biver  38  and  73  miles,  respectively,  below  Lewiston.  The  work  of 
improvement  has  since  1882  been  confined  to  that  portion  of  Snake 
Biver  from  Biparia  up  to  Asotin,  the  importance  of  tbat  portion  of 
Snake  Biver  for  purposes  of  navigation  having  increased  each  year, 
while  the  streams  from  Biparia  down  to  Celilo  have  been  abandoned 
by  steamers  since  the  construction  of  railroads  in  the  vicinity. 

During  the  past  year  operations  were  confined  to  extending  a  loose 
stone  dike  from  the  lower  end  of  Goose  Island  toward  the  upper  end  of 
a  small  island  about  1,100  feet  below  Goose  Island,  so  as  to  force  the 
water  formerly  passing  between  the  islands  to  pass  over  adjacent  rapids, 
thereby  increasing  the  depth  over  the  latter. 

The  dike  was  constructed  for  the  distance  of  666  feet.  Its  base  has 
an  average  width  of  12  feet,  its  crest  a  width  of  about  2  feet,  and  it 
rises  slightly  above  low  water.  Tbe  rock  used  was  quarried  about  2 
miles  above  the  dike.  The  Oregon  Bailroad  and  Navigation  Company's 
steamer  8poJcane  was  employed  to  convey  the  rock  fi^m  the  quarry  to 
the  dike.  The  steamer  arrived  at  the  scene  of  operations  on  September 
S  and  was  kept  in  commission  until  September  22.  The  steamer  deliv- 
ered 14  loads  of  rock,  carrying  it  on  the  deck,  or  about  1,750  tons.  The 
Qteamer  also  devoted  two  days  to  scraping  several  of  the  more  trouble- 
some bars  in  the  vicinity  of  the  dike  with  a  large  rake,  made  by  bolting 
Iieavy  pieces  of  iron  together,  weighing  3,000  pounds.  The  effect  of  the 
sua  98—187 
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dike  has  been  to  ndae  the  water  6  inohes  along  the  channel  aide,  and 
the  Bcraping  caused  a  ■conr  of  at  least  6  inches  at  the  rapids,  thus 
increasing  the  depth  of  water  at  Lower  Gtoose  Island  Bapid  about  1 
ftot 

Prior  to  beginnin|^  work  on  the  dike  the  river  steamers  in  asoendiiig 
the  riyer  at  this  point  were  compelled  to  use  a  line;  the  dike,  even  in 
its  incomplete  state,  has  effected  improvement  to  the  extent  tiiat 
steamera  now  experience  no  difficulty  in  ascending  the  rapids. 

Maneif  statemmt 

July  1, 1807.  bslanoe  imezpoided (a^7B&06 

D«oemb«  80, 1897,  r«imbiizt6inent  for  property  traoaforred  * 414.00 

8»  182.06 
Jmis8(V  1886;  amoont expended  during ilaoal  yoAr a;46L88 

July  ly  1898,  helsnee  imezpended 730.87 

{Amount  Teetlniftted)  required  for  oompleiion  of  existing  project Indefinite. 
Amonnttlietoanbeprofitablyexpendedinfieoilyearendine JuneSO,  1900    80^000.00 
Submitted  in  compliance  with  requirements  of  Bections  3  of  river  and 
harbor  acts  of  1866  and  1867  and  of  nmdry  ciyil  aot  of  June  4, 1897. 


r 
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Upper  Columbia  Biyer,  aet  of— 

June  10, 1872 160,000 

June  23. 1874 20,000 

March  8, 1875 85,000 

Total $106,0011 

Upper  Columbia  and  Snake  riyers,  aot  of— 

August  14, 1876 16,000 

June  18, 1878 20,000 

Maroh8,1879 20,000 

June  14, 1880 16,000 

March  \1881 16,000 

August  2, 1883 6,000 

Ju^  6,1884 20,000 

August  5, 1886 10,000 

August  11, 1888 10,000 

September  19, 1890 20,000 

July  13, 1892 16,000 

August  18, 1894 6,000 

June  3, 1896 6,000 

Total 17«;0IKi 

Deoember  30, 1897,  reimbursement  for  property  * ^ 

Aggregate 1 fgi,0^ 


OOUMBRCIAL  0TATI8TIOB. 

Two  ttem-wheel  steamboats,  the  LewUUm,  tonnage  539.92,  and  the  AUMia,  tonaaf 
602.85,  draft  of  water  fully  laden  4  feet  6  inche^  light  1  foot  9  inohesy  owned  bj  ^ 
Oregon  Railroad  and  Navigation  Company,  make  daily  tripe,  excepting  SstoW' 
between  Lewiaton  and  Riparia,  77  miles,  carrying  fteight  and  passengers. 

This  company  is  now  building  another  steamboat  to  ply  between  those  peiata 

'Transfer  of  proper^  anthoriaed  by  Chief  of  Engineenk  United  8tatetix^> 
HoTsmber  17, 1887. 
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It  has  been  ImprAottoable  to  obtain  a  itatement  of  the  oommeroe  handled  on  the 
stream  daring  the  past  year,  bat  it  is  known  that  a  great  deal  of  wheat  waa,  as  in 
former  yean,  earried  by  the  steamboata  from  varions  points  between  Lewiston  and 
Biparia  to  the  latter  point  for  shipment  by  rail  to  Poruand,  from  which  latter  point 
it  ii  eiq^orted  to  Enzopo. 


T  T  14. 


IMPBOYEMENT  OF  COLUMBIA  BIYEB  AT  THBEE-MILE  RAPIDS.  AND 
THE  C0N8TBUCTI0N  AND  EQUIPMENT  OF  A  BOAT  BAILWAT  FBOM  THE 
FOOT  OF  THE  DALLES  BAPIDS  TO  THE  HEAD  OF  CELILO  FALLS. 

The  project  adopted  in  1894  (act  of  Oongress  of  An^st  17, 1894), 
coDseqaent  to  report  of  Board  of  Eng^eers  (printed  m  the  Annual 
Beport  of  the  Chief  of  Engineers  for  1894,  Part  IV,  pp.  2664-2080), 
provides  for  the  construction  and  equipment  of  a  boat  i^way  on  the 
Oregon  shore  of  the  Oolumbia  Biver  firom  the  foot  of  The  Dalles 
Bapids  to  the  head  of  Celilo  Falls,  and  for  the  improvement  of  Three- 
mile  Bapids  below  the  lower  terminus  of  the  proposed  boat  railway,  at 
an  estimated  cost  of  $2,264,467. 

The  obstructions  which  render  navigation  impossible  in  the  12  miles 
of  the  Oolumbia  firom  Three-mile  Bapids  up  to  Gelilo  Falls,  and  the 
plan  for  passing  boats  around  them  by  means  of  a  boat  railway  about 
9  miles  in  length,  are  described  in  the  Annual  Beport  of  the  Chief  of 
Engineers  for  1894  (Part  IV,  pp.  2664-2680). 

The  line  of  the  proposed  boat  railway  is  shown  on  the  map  opposite 
page  3590  of  the  Annual  Beport  of  the  Chief  of  Engineers  for  1895, 
PartV. 

The  navigable  capacity  of  the  Columbia;  and  the  scope  and  character 
of  the  country  which  would  be  beuefited  by  an  improvement  that 
would  enable  boats  to  pass  the  obstructions  between  Three-mile  Bapids 
and  Gelilo  Falls,  are  described  in  the  Annual  Beports  of  the  Chief  of 
Engineers  for  1885  (Part  III,  p.  242G),  for  1886  (Part  lU,  p.  1942),  and 
for  1894  (Part  IV,  p.  2664). 

The  work  so  &r  done  under  the  project  has  been  confined  to  making 
a  survey  of  the  line  of  the  proposed  boat  railway,  in  preparing  plans 
for  it  and  its  appurtenances,  and  in  acquiring  title  to  the  necessary 
land.  For  the  right  of  way.  and  for  terminal  and  other  facilities  of  the 
boat  railway,  an  area  of  297.08  acres  is  required,  and  an  additional 
area  of  26.75  acres  is  required  to  provide  for  changes  in  the  track  of 
the  Oregon  Bailroad  and  Navigation  Company  necessary  to  accom- 
modate tilie  line  of  the  boat  railway,  or  a  total  of  323.83  acres. 

Up  to  June  30, 1898,  title  to,  or  right  of  way  over,  188.09  acres  of 
land  had  been  acquired  by  the  United  States,  as  follows: 


IlM 


.li 
Ml  10 


Ao^nlred  flponi— > 


United  Stetas 

Stete  of  OrMHm 

J.O.  WillmoB 

TIm  DaUw  Paeldiig  Oo . . . . . 

/ftmeaWMloy 

(Wb.  ICiolMUrCtwo-fhlidi) .. 
(Leopold  F.  Sohmldt  (oae- 

Oracon  BailnMid  aad  Hafrl- 

fMiOBOo. 


Hoir  Mqnlred. 


WithdnwB  ftom  mIo  hj  Pzoiideiit's  oidor  of  Jan.  tl,  UHb 
ByporohMO. 

B7  ooBdMniialloii  pKOOoodlngB. 

By  pnrohMO. 

By  oondoBuuitloB  pnooodlags. 

J^pnraboso. 

By  pnrcbMO.  The  oomiMuiy  expended  |1,030.M  ftv  laad  npon 
wnlcb  to  move  ite  tnok  to  •ooommodAto  line  of  bootnilway, 
and  mm  reimbonod  bj  United  Stetoe  bj  antlioil^  of  Seero* 


i 


It 


.  I 


>        A 


3    J 
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On  Jane  30, 1898, 135.74  acres  of  land  remain  to  be  acquired  by  the 
United  States.  The  names  of  the  owners  of  this  land,  and  the  status  of 
proceediugs,  etc,  as  of  that  date,  to  acquire  title  to  it  are  as  follows: 


17 


M.80 


U.U 


Owned  by^ 


LH.Taini 


8MiftrtBrot.Oo 


Oregon  Railroad  and  ^avi> 
graonCoi 


Anoimi  awarded  owner  In  ftrat  trial  for  eondemnatloBef  rifftl 
of  way,  $14,200;  eeoond  trial,  $17,500.  United  States  flM 
apjdicaiion  for  retrial,  wherenpon  owner  agreed  to  abide  hj 
the  decision  of  the  United  Statee  Judge  who  had  tried  the 
oaeee.  It  !■  onderttood  that  the  latter  recently  decided  thai 
the  owner  is  entitled  to  |l,000. 

Amount  awarded  owners  in  flrst  trial  tar  ooBdemnatkm  of  rifkt 
of  way,  $25,087 JK>:  second  trial,  $36,000;  third  trial^rseeatty 
concluded,  $9,000. 

Bight  of  way  is  to  be  acquired  In  connection  with  necotlatiMS 
for  surrender  of  such  portions  of  the  company's  ilgEt  of  waj, 
etc.,  as  are  needed  for  the  boat  railway. 


On  March  24, 1898,  the  Oregon  Railroad  and  Navigation  Company, 
through  its  president,  inquired  whether  the  UDited  States  was  ready 
to  enter  into  negotiations  providing  for  the  surrender  by  the  company 
of  its  right  of  way  at  such  points  as  were  necessary  to  aocommodate 
the  boat  railway.  On  April  13, 181)8,  the  Chief  of  Engineers  author- 
ized that  such  negotiations  be  entered  into,  any  arrangement  to  be 
subject  to  the  approval  of  the  Secretary  of  War.  A  preliminary 
proposition  was  made  the  company  on  April  23, 1898,  but  no  reply  has 
been  received. 

On  December  8, 1894,  all  Oovernment  lands  on  the  south  side  and 
within  6  miles  of  the  Columbia  River,  between  The  Dalles  and  Celilo, 
Oreg.,  were  temporarily  withdrawn  from  disposition  by  the  Department 
of  the  Interior  until  it  could  be  determined  what  particular  tracts 
should  be  permanently  reserved  for  the  boat  railway.  It  having  since 
been  determined  that  but  5.10  acres  was  all  of  the  Government  land  that 
would  be  required  for  that  purpose,  that  area  was  permanently  with- 
drawn firom  sale  by  the  President's  order  of  January  31,  1898,  and  the 
order  of  the  Interior  Department  of  December  8, 1894,  so  far  as  the 
remainder  of  the  land  was  concerned,  was  vacated  on  March  15, 189& 

Money  statemenU 

July  ly  1897|  balance  anexpended $238^S17.S0 

June  30, 1898,  amount  expended  daring  fiscal  year ^416.9 

July  1, 1898,  balance  anexpended 834,40L9 

Jnly  1, 1898,  oatstanding  liabiUtiee 19.96 

Jaly  1, 1888,  balance  avaUable 284,881«tf 

i  Amount  (estimated)  reqaired  for  completion  of  existing  project *2, 014, 467. 00 
Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane 
30,1900 60(^000.00 
Sabroitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  aots  of  1866  and  1867  and  of  sundry  civil  act  of  June  4^  1887. 


Appropriatiom, 

Act  of— 

August  18, 1894 $100,000 

Jane  3, 1896 15fl;000 

Total 

*  Erroneously  given  as  $2,114,467.00  in  last  Annaal  Report. 
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T  T  X5, 

CONSTRUCTION   OF  CANAL  AT  THE   CASCADES,  COLUMBIA  RIVER, 

OREGON. 

The  project  for  the  construction  of  a  canal  and  locks  to  pass  steamers 
around  the  Cascades  of  the  Columbia  Kiver,  about  150  miles  above  the 
mouth  of  the  latter,  in  the  Pacific  Ocean,  and  the  progress  of  the 
work  of  constructing  the  canal  and  locks  up  to  the  close  of  the  last  fis- 
cal year,  are  stated  in  detail  in  the  Annual  Beport  of  the  Chief  of 
Engineers  for  1897  (Part  IV,  pp.  3416-4J419). 

The  operations  during  the  fiscal  year  ending  June  30, 1898,  were  as 
given  below,  and  were  in  accordance  with  and  incident  to  the  modified 
plans  and  estimate  of  cost  for  completing  the  canal  and  locks  recom- 
mended in  the  report  of  the  Board  of  Engineer  Officers  dated  October 
18,  1894«  (Report  and  estimate  of  cost  printed  in  the  Annual  Beport 
of  the  Chief  of  Engineers  for  1895,  Part  V,  pp,  3571-3582.) 

The  operations  during  the  past  year  were  conducted  by  hired  labor 
and  with  plant  purchased  and  used  on  the  work  in  former  years. 

Three  thousand  two  hundred  and  sixty-seven  cubic  yards  of  earth 
were  added  to  the  embankment  separating  the  Columbia  Biver  from  the 
canal  (shown  on  chart  opposite  p.  2246  of  the  Annual  Beport  of  the 
Chief  of  Engineers  for  1884,  Part  III),  pursuant  to  raising  the  embank- 
ment where  necessary  to  make  it  conform  to  the  flood  height  of  1894. 

ISine  thousand  eight  hundred  and  sixty-nine  cubic  yards  of  stone, 
varying  from  small  spalis  to  bowlders  containing  about  1  cubic  yard, 
were  used  as  rock  filling  in  revetting  the  Columbia  Biver  or  north 
i^ope  of  the  embankment  separating  the  river  from  the  canal. 

This  stone  filling  was  closely  placed,  its  slope  and  thickness  varying 
with  the  velocity  of  the  current  to  which  it  is  exposed.  Although  the 
work  of  revetting  the  north  slope  of  this  embankment  is  not  complete, 
the  slope  is  now  considered  to  be  safe  from  damage  frt>m  a  flood  equal 
in  height  to  the  one  of  1894. 

In  tiie  last  Annual  Beport  (p.  3419)  it  was  stated  that,  in  obtaining 
stone  for  revetting  the  north  slope  of  the  embankment  separating  the 
river  from  the  canal,  such  stone  as  would  be  useful  in  completing  the 
walls  between  the  upper  lock  gate  and  upper  guard  gate  masonry  was 
laid  aside,  with  the  view  of  using  it  for  that  purpose  as  soon  as  addi- 
tioni^  funds  become  available.  This  practice  was  continued  during 
the  past  year,  10,760  cubic  feet  of  such  stone  being  quarried  and  laid 
aside.  There  is  now  on  hand  enough  of  this  class  of  stone  to  complete 
the  north  wall  of  the  upper  lock,  and  also  some  of  the  larger  stones 
(the  most  difficult  to  obtain)  lor  the  south  wall. 

One  hundred  and  fifty-four  square  yards  of  stone  quarried,  too  small 
to  be  used  in  completing  the  walls  between  the  upper-lock  gates  and 
upper  guard-gate  masonry,  were  also  laid  aside,  to  be  used  as  facing  for 
tiie  riprap  yet  to  be  placed  on  the  slopes  north  and  south  of  the  canaL 

The  work  next  in  importance  was  that  of  placing  additional  pumping 
machinery  in  the  power  pit.  This  work  included  that  of  placing 
another  12-inch  centrifrigal  pump  and  connections,  grouting  up  I-beam 
supports  and  journal  boxes  in  concrete,  drilling  a  hole  for  a  12-inch 
suction  pipe  fh)m  the  power  pit  to  the  main  culvert,  and  placing  the 
suction  pipe  and  sleeve.  The  pumping  machinery  now  consists  of  two 
brass  12-inch  centrifugal  pumps  connected  by  belts  to  a  horizontal 
countershaft,  which  is  driven  by  the  vertical  shaft  of  a  turbine  by 
means  of  bevel  gears.  The  turbine  is  of  the  combined  '<  inward  and 
downwatd  flow"  type.  The  wheel  is  27  inches  in  diameter,  and  is  set 
in  a  wroaght-iron  case  resting  on  and  bolted  to  a  39-inch  gate  valve, 
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the  lower  flange  of  which  is  bolted  to  a  cast-iron  floor  plate  anchored 
and  gronted  to  the  concrete  floor.  The  torbine  is  expected  to  devdop 
firom  40  to  80  horsepower,  according  to  the  stage  of  the  water.  The 
cnlyert  conyeying  the  water  to  the  torbine  enters  the  power  pit  at  the 
side  of  the  wall  7  feet  above  the  floor,  a  short  iron  tube  connecting  the 
end  of  the  culvert  to  the  torbine  casing.  The  soction  passage  leMUog 
from  the  lock  chamber  is  rectangular  in  section^  24  by  24  inches,  and 
passes  horizontally  onder  the  power  pit,  and  then  rises  Yortioally  to 
the  floor  of  the  pit.  The  opper  end  of  this  passage  is  covered  with  a 
cast-iron  plate  gronted  and  bolted  to  the  floor.  In  this  plate  are  two 
pipes  12  inches  in  diameter,  screwed  on  the  underside  of  the  plate  and 
reaching  about  12  inches  below  the  canal  floor.  On  the  opper  side  of 
the  plate  are  bolted  two  check  valves,  each  connected  with  a  gate  valve 
and  suction  pipe  to  its  respective  pump.  The  discharge  pipes  of  the 
pumps  lead  to  two  gate  valves  bolted  to  the  same  floor  plate  which 
carries  the  turbine  discharge*  gate  valve.  The  belt  pulleys  on  the 
countershaft  are  provided  with  friction  clutches;  hence  the  two  pumpe 
are  entirely  independent  of  each  other.  The  second  pump,  placed  in 
position  during  the  past  flscal  year,  in  addition  to  drawing  from  the 
main  suction  chamber,  was  arranged  to  pump  out  the  south  culvert  for 
the  purxK>8e  of  removing  the  valve  or  other  necessary  work  in  the  cul- 
vert, a  hole  for  the  suction  pipe  being  cut  through  the  5  feet  of  concrete 
masonry  which  intervened  between  the  power  pit  and  the  culvert.  In 
this  hole  a  cast-iron  sleeve  was  built  and  the  suction  pipe  was  passed 
through  it  to  the  bottom  of  the  culvert.  When  not  in  use  in  pumping 
out  the  culvert  the  suction  pipe  is  withdrawn  and  a  blind  flange  is 
bolted  over  the  top  of  the  sleeve  casting.  The  pumps  are  primed  and 
the  leakage  into  the  pit  dealt  with  by  carrying  a  3-inch  pipe  down  into 
the  pit  from  the  high-pressure  water  supply,  and  suitably  connecting 
Up  with  jet  pumps,  the  discharge  being  carried  into  the  turbine  dis- 
charge culvert  through  the  floor  plate. 

Jfoney  itatemmL 

July  1, 1897,  balanoe  imeocpended $908,845.39 

JnneSO,  1898,  amoant  expended  daring  flBoal  year 188;13&86 

July  1, 1898,  balance  nnexpended 2I0L7D6.4S 

July  1, 1898,  oatstandlng  liabilities 676.80 

July  1, 1898,  balanoe available 20,lS9.eS 

(Amonnt  (estimated)  leqaired  for  oompletion  of  exietinff  projeot 834, 800. 00 
Amount  that  can  be  profitably  expended  in  fiscal  vear  endine  June  30, 1900  384|  360. 00 
Submitted  in  compliance  witb  requirements  of  sections  2  of  river  and 
Jiarbor  aeta  of  1866  and  1867  and  of  sundry  oivU  act  of  Jons  4|  1S87. 


mJf!pT0pTioM99i9» 


Aet  of — 

Angnst  14, 1876 180,000 

June  18, 1878 160,000 

March  8, 1879 100, 000 

June  14, 1880 100,000 

Marcb  8, 1881 100,000 

August  2, 1883 266, 000 

Jnly6,1884 160,000 

August  6, 1886 187,600 


Act  of— 

August  11, 1888 $800^000 

September  19, 1890 436^000 

July  18, 1892 896^960 

March  8, 1893..... L8S9,66S 

June  3, 1896 SO^OOO 

June  11,1896 ITB^g 

Tdtal 2^673;000 


For  oommereial  statisties,  etc.,  see  Annual  Report^  ^'For  operalfaig  and 
oanal  and  looks  at  the  Casoadea  of  the  Columbia  Siver,  Oregon.* 
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T  T  x6. 

lTINQ  and  CARE  OF  CANAL  AND  LOCKS  AT  THE  0A8CADB8  0¥ 

THE  COLUMBIA  RIVER,  OREGON. 

canal  and  locks  aronnd  the  Cascades  of  the  Colombia  Biver. 
150  miles  above  the  month  of  the  latter  in  the  Pacific  Ocean,  ana 
enable  steamboats  drawing  8  feet  of  water  to  mn  as  far  np  the 
1  as  The  Dalles,  Oregon,  about  210  miles  above  the  month,  for- 
opened  to  navigation  on  November  5, 1896,  were  operated  con- 
Lsly  during  the  past  fiscal  year  excepting  on  twenty-four  days  in 
1898,  when  navigation  through  them  was  impossible  on  account 
h  water. 

ar  composed  largely  of  broken  pieces  of  bed  rock  was  formed  in 
wer  entrance  to  the  canal  by  the  usual  summer  freshet  which 
ed  during  the  summer  of  1897.  This  bar  was  dredged  during 
w-water  i>eriod  last  winter,  1,845  cubic  yards  of  material  being 
ed  from  it. 

disabled  condition  of  the  valve  in  the  main  culvert  on  the  south 
f  the  lower  lock  was  reported  in  the  Annual  Report  of  the  Chief 
gineers  for  1897  (p.  3423).  During  February  and  March,  1898, 
stive  was  removed  for  repairs.  This  was  accomplished  by  bulk- 
ig  all  the  openings  to  the  main  culvert  on  the  south  side  of  the 
lock,  and  then  pumping  out  the  culvert  with  a  12-inch  pump, 
isabled  valve  was  found  to  be  broken  almost  completely  in  two, 
Mj.  The  new  valve,  which  it  is  proposed  to  have  made  during 
esent  summer,  together  with  its  fittings,  will  weigh  between  12 
I  tons,  and  until  it  is  made  and  placed  in  position  the  lower  look 
d  operated  with  the  north  valve  only. 

Ifon^y  statemewL 

1897,  balanoa  nnezpended $415.28 

21, 1897,  aUoment 4,000.00 

r 80, 1887,  aUotment 1,600.00 

6,815.28 
),  1896,  Mn<»imt  expended  during  fiscal  year 4,588.79 

1896,  halanoe  unexpended 1,881.48 

1898,  ontrtanding  lUbilitiee 190.86 

1898,  balanoe  avaUAble 1,180.64 


AUotmmiim 

ber4,189S $1,600 

,1897 860 

21,1897 4,000 

r  80, 1897 1,600 

Mai 8,860 
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Dilailad  ftoiMMiil  of  9xpemdiiMre$  WMde  4m  apefUma  and  earing  for  eamal  and  1o6t$  §i 
CaioadM  of  the  Columbia  Biver,  Oregon,  during  the  JUeal  year  ending  June  30, 189S, 
eullmMed  in  eampliamee  wiik  the  Hver  and  karb^  aei  of  Julg  6, 1884. 


1887. 

jHly 

August... 


BmtaBlwr. 
Ocitober — 
VoTMnber. 

DMember . 


Toaoh4 
Ko. 


1886. 
Jtmuary . 


Veibniavy. 


▲piil. 


May. 

Jnne. 


:  I 


16 

11 
82 
11 
8 
18 
UO 
U 


14 
18 
80 


84 

46 

8 

88 

8 
87 
88 


40 
64 

4 
18 
14 

8 
11 


To  wlMmi  paid. 


Sosdry 

do 

J.  H.SiMdone 

Sundry  persons 

do 

....do 

W.CKoonBsirCo 

Sundry  persons 

Bridsf  Yell  Lumbering  Co — 
WoUr  &  Zwlcker  Iron  Works 
Tstnm  &  Bowen 


IVv  what  paid. 


Sundry  persons 

H.Groth 

Oregon  Telephone  and  Telegraph 

Co. 

Sundry  persons 

Corbettk  Failing  &  Robertson 

Cleyeland  Oil  and  Paint  Hann- 

ChotnringCo 

TheJ.K.GillCo 

Sundry  persons 

Goodyear  Rubber  Co 

Sundry  persons.  

Thos.  K.  Mnir  &  Co 

The  Chss.  F.  Beebe  Co 

Oregon  Telephone  and  Telegraph 

Co. 

J.  H.8psdone 

LeCountBros *...... 

Sundry  persons 

Wolff  A.  Zwicker  Iron  Works... 

W.  P.  Fuller  &  Co 

Sundry  nersons 

The  J.  E.  GUI  Co 


Personal 

do 

Hose,ete 

Personal  serrloea. 

do 

do 

DucktOto 

Personal  serrleea. 

Lnmb«r 

Castings 

Supplies 


Total  expended. 


Personal  senrieea. 

Firewood 

Telephone  aonrioe . 

Personal  servioea. 
OileiB 


Paint 

Record  book 

Pen«onsl  serrioea. 
DiTers*  mittens.... 
Personal  serrioea. 

Asphalt 

Oakum 

Telephone  seryioo 


Leather  lacing. . . . 

Record  book 

Personal  servicee. 

Split  pulley 

waste,  etc 

Personal  serrioea. 
Letter  flies 


17.50 

moo 
moo 

81100 

11 M 

881.61 

19143 

81.  ao 

04.81 

400 
LU 

184.01 

laio 

.01 
411  so 
ISO 
4Bi01 
4.N 
100 
190 

115 

19 

131.00 

27.40 

125 
ltt.00 

1.40 


4,  sun 


Diairibution  of  expendiiuree  made  in  operating  and  earing  for  eanal  amd  l^Kke  at  Caeeeia 
of  the  Columbia  River,  Oregon,  during  the  Jieeal  gear  ending  June  30, 1898, 


i\ 


it; 


i    I 


! 

1 
1 


Date. 

Voucher 
No. 

T«>  whom  paid. 

Offlee» 

snperin- 

tendenoOi 

and  eon- 

tinjgen- 

elea. 

Labor. 

Tools, 

fuel, 

oil,  etc. 

Miti- 

risbftr 

npsia 

1887. 
July 

16 
11 
62 

11 

0 
18 
110 
12 
20 
83 
84 

14 
10 
80 
5 
83 
84 

46 
8 

32 
0 

87 

88 

Sundrv  TmnMna....... ...... ......... 

$860.00 
860.00 

August 

do 

'.ll'Mlx 

J. H.Snadone  ....................... 

117.51 

September 

October 

Snndrr  nersons. ............ .•■•■■... 

960.00 
200.00 
812.00 

do 

Korember 

do 

W.C.NoonBaffCo 

IIM 

Deosmber . . .  •  • . 

Snndrv  nersons ............ 

681.68 

Bridal  veil  Lumberlne  Co'. 

15L4S 

Wolff  A  Zwicker  Iron  Works 

SI.9 

Tatum  A  Bowen - 

41«> 

Jaawtfy .'. 

Sundry  nersons...................... 

63A88 

H.Groth 

$4.08 

Oregon  Telephone  and  Telegraph  Co. 
Sundry  nersons 

6L10 

F^bmary 

4SA08 

Corbett,  Falling  A  Robertson 

L48 

Cleveland  Oil  and  Paint  Manufao- 
tnring  Co 

US* 

The  J.  K.  Gill  Co 

.68 

irf^»fliii  _.,,.,,, 

Sundry  nersons 

416.50 

Goodvear  Rubber  Co 

•  ii 

April  ••••••••.. 

Sundry  persons 

484.81 

Thos.K.Muir  A  Co 

■  ii 

TheChaa.F.  Beebe  Co 

in 

88 

Or^gni  Telephone  and  Telegraph  Co. 

ATO 

..■•••.. 

...••••• 

APPENDIX  T  T — ^BEPOBT  OF  HAJOB  FISE. 
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DistribuiUm  of  expenditures  made  in  operating  and  oaring  fo^  canal  and  looke  at  Ca$oade$ 
of  the  Cokimbia  Bivw^  Oregon,  during  ihefiioal  year  ending  JwneSO,  i^A»— Gontinned. 


▼ouobtt 
No. 


TowhompAid. 


Office 

•nperia* 

tendenoe, 

and  oon> 

tingen- 

eies. 


Lftbor. 


Tools, 

fnel, 

oil,  etc. 


Mate- 
rials for 
repain. 


April 
Maj. 


40 
64 

4 
18 
14 

8 
U 


J.H.  Spadone 

LeCountBroo 

Snndry  persona 

Wolff  A,  Zwioker  Iron  Works. 

W.  P.  Fuller  &  Co 

Sundry  persons 

TheJ.K.GiUCo 


$2.25 


$2.16 


$138.00 


27.00 


153.00 


$8.25 


1.40 


Total 


0.18 


4,104.05 


18.65 


816.06 


Summary. 

OAoe,  snperintendenoe,  and  oontlngenoies $9.18 

Labor 4,104.06 

Tools,  fliel,  oil,  etc 13.66 

Ifaterials  for  repairs 816.06 

Total X638.70 

COMMERCIAL  STATISTICS. 

Comal  at  Caeoadee,  Oregon, — Summary  of  businese,  ete.,  during  fieoal  year  ending  June  SO, 

1898. 


Month. 


1897. 

JvHj 

Angnst 

September .... 

October 

HoTembwr 

ler  — , 

1896. 

Febroarr , 

Mareh 

Aprfl 

June 

Total.... 
Average 


ATorage  range 
readings,  12  m. 


Upper. 


113.6 
105.9 
101.6 
98.7 
100 
102.4 


100.1 
102.2 
102.2 
105.8 
123.6 
116 


Lower. 


08.2 
86.9 
80.8 
75.9 
77.8 
81.8 


78 
81.2 
81.1 
85.7 
109.8 
101.8 


1,271.4 
106 


1,087.5 
86.6 


Num- 
ber of 
lock- 
ages. 


59 
60 
79 
76 
80 


52 
48 
54 

53 
11 
52 


692 
57.7 


Locks  op- 
erated. 


19  81 
15  12 
14  26 

20  5 

21  10 

22  47 


18  7 

18  8 

20  28 

18  20 

8  85 

16  11 


208 


18 


Number  of  passages. 


Stem- 
wheel. 


68 
58 

60 
86 
00 
92 


52 
48 
54 
52 
10 
52 


722 
60.2 


Raft 


2 

8 
1 


8 
0.67 


Pro- 
peller. 


1 
1 


4 
0.88 


Barre 
or  Mul. 


1 

1 
1 


6 
0.5 


Total 


70 
50 
68 
00 
91 
92 


52 
48 
60 
68 

11 
52 


740 
6L67 


Month. 


1897. 

July 

Anrust 

September 

October 

November 

Deeember 

1898. 

January 

Februaiy...*. 

Mareh 

April 

Inne 

Total 


Registered 
tonnage. 


24,728.40 
18. 160. 40 
18, 364. 74 
25,294.36 
24.934.28 
25,565.54 


16.374.26 
15. 150. 24 
17.044.02 
15,480.97 
3,240.07 
16,002.94 


220. 335. 22 
18.861.27 


Freisht 
carried. 


Tim9. 
1,074.20 

913.20 
2,200.10 
4,458.96 
8,269.48 

913.16 


1,126.17 
1.005.55 
1, 363. 18 
1,252.75 
100.50 
1,045.49 


18,812.68 
1,560.89 


Number. 
6,588 
2,926 
8,311 
2,630 
2,269 
2,468 


1,800 
1,528 
2,380 
2,178 
506 
2,664 


Yessela  delayed. 


Number 
2 


S 

6 


80,827 
2,527 


0    47 


8    80 


2    41 
8    82 


12 


15    80 


i 
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SiaUmmi  of  trtigU  pmttlmg  ihr9u§h  c&mml  Ai  CMoodif,  Orwgan,  §mri$t§JUedl  fmr 

Jwi^S0,1898. 


Month. 


1897. 


July 

Augnsi.... 
September. 
October. . . , 
KoTember 
December.. 


18M. 

Jaaniiry . . . 
Vebriiazy.. 
Ifarob .«... 

AprU 

May 

June 


Total 


Bound  down. 


I 


Ton9, 


No 


87 

20 

7 

4 


71 

10 

2 


201 


» 


No 

164 

89 

88 

215 

192 

80 


101 

119 

U6 

9i 

8i 


1,880 


I 


S 


3 


No, 

475 
1,097 

985 
1,067 


912 
480 


Jfo. 

"*i 

2 

16 

188 

1 


88 

40 

25 

100 

40 


i 


6.126  896 


Liu. 

871.103 
187.899 
341,845 


•o 

0 


II 


24,000 


924,847 


Lb9, 

17.000 
36.655 
41,700 

6,000 
25,680 

2,600 


8,000 

14,000 

1,500 


146,086 


• 


FLB.M 

2,400 


%000 


8,600 

1,000 

13,000 


27.900 


a 


I 


Ton*. 
58.76 
48.74J 
60.06i 
84.19 
87.64' 
6L<tt 


4aL49 
84.46 
188.88 
70.61 
68.88 
9.00 


894.02 


Totu. 


81.50 
42.75 
46.50 

u.aD 


.76 


I 


Ton». 

408.45 

416.77 

1,536l6I 

3,388.89 

2,466lQ1 

447.73 


S 

s 

3 

P4 


3.1U 

LlIT 
1,<« 

l,tf 


III 


414 

406.83 
487.1 

486.50'   nr 

325.37  UJJ 


IM.  8010,8701  a  14,111 


! 
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MetearoUgieal  amd  gau§$  r^oord  fwr  iht  yiar. 


Montht. 

BainfUl. 

Oaya  on 

which 

rain  or 

snowfeU. 

ATorafo 

tempera- 

toToat 

12  b. 

Highest  reading 
of  gangea. 

Lowest  reading 
of  gangea. 

Head  of 
eanal. 

Toot  Of 
oaaaL 

Head  of 
oanaL 

Foot  of 
oanal. 

1897. 

Ineka. 

0.62 
1.43 
4.01 
3.05 
10.24 
10.26 

10.63 

14.48 

6.56 

8.13 
2.67 
1.83 

8 
8 

8 
U 
28 
21 

18 
28 

16 

8 

11 

12 

72.7 
78.8 
66.6 
68.7 
44.4 
88 

89.2 
46 

48.0 
68.9 
64.5 
60.8 

117 
108.2 
104.7 
00.8 
103.6 
104.4 

108.2 

100 

104.1 

112.6 

123.0 

125.7 

102.8 
01 
85.8 
76.7 
83 
84.4 

82.6 

01.7 

84 

06.8 
109.8 
11L8 

108.7 
106 

00.1 

08 

07.6 
100i8 

06.1 

97.9 

100 

99.8 

112.1 

121.2 

91.6 
85.6 

nnl)^ 

76.5 

Imt 

74.8 

unliir 

74.8 

mbor 

78.4 

1808. 

•ITTTr-r ......r.'.-r 

74.8 

narr. .................... 

74.7 

lu^;;:;::;::;::::::::::: 

77.9 

I 

77.6 

96.4 

107.5 

Total 

86.71 

166 

57.16 

1  .. 

1 

oat  reading  at  head  of  oanal  daring  the  year 126.T 

est  reading  at  foot  of  canal  during  the  year 111.8 

ist  reading  at  head  of  canal  dnring  the  year 07.6 

Mt  reading  at  foot  of  oanal  during  the  year 74.8 

TK. — Roading  of  adopted  low  water  at  head  of  oanal  is  06;  reading  of  adopted  low  water  at  Ibot  of 
LteTl. 


T  T  17. 

►ROVEMENT   OP   COLUMBIA   RIVER   BETWEEN  VANCOUVER,  WASH- 
INGTON, AND  MOUTH  OP  WILLAMETTE  RIVER. 

lie  present  project,  adopted  in  1892,  consequent  to  the  report 
fited  in  the  Annual  Report  of  the  Ohief  of  En^neers  for  1892  (Part 
y  pp.  2866-2869),  and  extended  in  accordance  with  report  printed  in 

Annnal  Report  of  the  Ohief  of  Engineers  for  1896  (Part  V,  pp. 
4-^265),  provided  for  constructing  a  pile,  brush,  and  stone  dam  about 
JO  feet  long  from  the  Oregon  shore  to  the  head  of  Hayden  Island,  in 
>  Oolurabia  Biver  opposite  Vancouver,  Wash.,  at  an  estimated  cost  of 
K),000. 
Tanoouver  is  103  miles  above  the  mouth  of  the  Columbia  Biver,  in 

Pacific  Ocean,  and  vessels  drawing  20  or  more  feet  of  water  can 
ily  ascend  from  the  mouth  of  the  Columbia  to  a  point  2^  miles  below 
ncouver,  where  a  bar  with  but  9  feet  of  water  over  it  is  encountered. 
3  object  of  the  dam  from  the  Oregon  shore  to  the  head  of  Hayden 
&nd  is  to  stop  the  flow  of  water  south  of  the  island  during  low- water 
ges  and  deflect  it  down  the  main  channel  north  of  the  island,  so  as 
scour  the  bar  below  Vancouver  and  obtain  a  depth  over  it  sufficient 
permit  vessels  drawing  20  or  more  feet  to  reach  Vancouver, 
^he  dam  provided  for  in  the  original  project  of  1892  had  been  almost 
ipleted  in  the  spring  of  1893,  when  high  water  carried  the  head  of 

island  and  a  portion  of  the  dam  away.    Hie  top  of  the  original 
Q  was  4  feet  above  low  water. 

^n  November  16, 1897,  a  contract  was  entered  into  with  John  Hale, 
Portland,  Oreg.,  for  ftimishing  all  labor  and  materials  required  to 
ke  the  necessary  repairs  to  tiie  then  existing  dam,  to  construct  about 
M)  feet  of  dam,  with  its  top  about  6  feet  above  low  water,  from  the 


T 
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end  of  the  then  existing  dam  to  the  head  of  Hl^yden  Island,  to  con- 
stmct  across  the  head  of  the  island  abont  700  feet  of  cross  dams  from 
the  new  portion  of  the  main  dam,  and  to  oonstmct  about  800  feet  of 
shore  revetment  at  the  head  of  the  island. 

Operations  were  begnn  by  the  contractor  on  December  20, 1897,  and 
were  completed  on  April  9, 1898.  The  following-named  quantitieB  of 
materials  were  placed  by  the  contractor: 

PilM Jlnearfeei..  44,506 

Bmah corda..    5,140^ 

Stone tons..  14,808.833 

Wire pounds..  11,800 

Sand  bags,  filled number..    1,700 

Wire  rope linear  feet..    4,894 

Spikes ponnds..    6,200 

Lumber feet  B.M..  49,360 

Bolts,  with  nuts  and  washers number..       820 

Immediately  npon  the  completion  of  the  work  by  the  contractor  the 
annual  rise  in  the  Golambia  Biver  set  in,  and  has  since  prevailed,  ren- 
dering it  impossible  to  make  any  examinations  with  the  view  of  ascer* 
taining  what  effect  the  dam  has  so  tBur  had  in  scouring  the  bar  bdov 
Vancoaver. 

Ifofi^y  BiatemenU 

July  1, 1897, balanee  unexpended |67y006wSO 

June  90, 1898^  amount  expended  during  fiscal  year :3,206.8 

July  1, 1888,  balance  unexpended 41,796.37 

July  1, 1898,  outstanding  liabilities 19,80 

July  1,1898,  balance  ayailable 41,776.(7 


AppntpriatUmB, 

Aet  of— 

July  13,1892 |S3^00I 

June  3, 1896 67,0I)» 

Total lOfl^flU 


1 1 

i  I 


':!■      ' 


A%9ir€ict  of  proposal*  for  fumUhing  and  placing  nutieriaU  neeeo$ary  to  repair  and  at«i 
dam,  e(o.,  aoroBB  Hay  dm  Island  Slough,  Columbia  River,  received  in  reeponee  to  Ute^ 
tieement  dated  October  es,  1897,  and  opened  at  Portland,  Oreg.,  on  November  16,  lSS7,k 
CapU  W.  X.  FieJc,  Corps  of  Engineers. 


Ko. 


1 

a 

8 
4 
6 
6 

7 

• 


Bidden. 


Niobols  Jb  Crothera, Taooma,  Wash.. 
Minsinger  A,  Smith,  Portland,  Ong. . 
Nonnile  Jb  Faatabend,  Aatoria,  Oreg . 
Wakefield  Jb  Jaoobaen,  Portland.  Ore 
O'Neil  %  Drew  A  Co.,  Portland,  Oreg 

G.  0.  Nolan.  Tillamook.  Greg 

Paqnet  A.  Kioknm,  Portlano,  Oref . . . 

John  Hale,  Portland,  Oreg 

Chrlatenaen  Jb  Beeve,  Portland,  Oreg 


Pilen 

(88,000 

linear 

feet),  per 

linear 

foot. 


$0.07 


.13 

.08 
.13 
.25 
.09 
.10 
.081 


liQmber 
(61.000 
feet  B. 

H.),  per 
1,000  feet. 


$10.50 
11.50 
11.60 
10.00 
12.00 
10.00 

9.60 
10.00 

8.75 


Spikes 

(7.500 

ponnda), 

ponnd. 


Bolts. 

niita,and 
waahera 

£66).  per 
dtkOte. 


10.14 
.U 
.18 
.15 
.80 
.06 
.81 
.81 
.19 


(S.MI 
parflK*- 


19 

Li 

l» 

L« 

i» 

lf» 

l.» 

Li 


f— * 


^ — ' ir— ? 


ftonQ 


'  I 


! 


I    ' 


t' 


I   I 
11 


r 


'I' 


:  1  \ 

i    ! 


II 


I    I 


. 


'      1 


r 
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mtraet  of  propoaaU  for  fumUhina  and  placing  materiaU  neeeasarff  to  repair  and  extend 
dam,  etc,,  acroee  Hay  den  Island  Slough,  Columbia  River,  etc. — Continued. 


Bidden. 


Nichols  Jb  Oroihen, Tftooma,  Waab... 
Minslnger  A.  Smith,  PortlAod.  Oreg... 
Konnile  St  FastAbend,  Antoria,  Oreg. . 
Wakefield  A.  Jacobeen,  Portland,  Oreg 
O'Neil  St  Drew  &  Co.,  Portland, Oreg. 

O.  O.  Nolan,  Tillamook,  Oreg 

Paquet  St  Niokam,  Portlana,  Oreg . . . . 

John  Hale,  Portland,  Oreg 

Chriatenaen  St  BeeTe,  Portland,  Oreg . 


Annealed 
wire  No. 
12  (11,000 
poanda), 

per 
pound. 


$0.03 
.021 
.034 
.03{ 
.08} 
.02 
.024 


steel  wire 

rope 
(4,000  lin 
ear  feet), 
pw  linear 

foot. 


$0.18 
.134 
.29 
.20 
.271 
.20 
.80 
.25 
.80 


Stone 

(5,000 

tona),per 

ton. 


$0.00 
.55 
.65 
.50 
.45 
.05 
.00 
.60 
.60 


Sand 
bags 
filled 
(0,000), 
each. 


$0.13 
.16 
.14 
.12 
.10 
.83 
.18 
.15 
.84 


TotaL 


$10,488.70 
10,560.76 
21,802.40 
21,000.76 
21,281.00 
40,357.75 
20, 880. 80 
10,286.80 
21,708.45 


Proposal  of  John  Hale  accepted. 

istraet  of  eontraei  in  foree  during  fiscal  year  ending  June  SO,  1898,  for  furnishing  and 
placing  materials  necessary  to  repair  and  extend  dam,  etc.,  across  Hayden  Island  Slough, 
Columbia  River. 


Contractor. 

Date  of 
contract. 

Date  of 
approval. 

Date  of  begin- 
ning work. 

Date  of 
expiration. 

in  Hal*  ...TTT.» 

Not.  10,1887 

Nov.  98.1807 

Dec    8.1887 

a  Mar.  16. 1886 

1 

a  Extended  to  April  14. 1888,  by  authority  of  Chief  of  Bngineon.  dated  liaioh  28. 188«. 


COMMSBCIAL  8TATIOTIC8. 

rhia  work  is  in  the  collection  district  of  Willamette.  The  nearest  port  of  entry 
Portland,  Oreg.,  17  miles  distant  by  rivers  5  miles  by  land.  The  nearest  coast 
ht-honse  is  at  the  month  of  the  Colnmbia  River,  103  miles  distant. 
The  following  statement  of  traflSc  on  the  Colnmbia  River  between  the  month  of  the 
lUamette  River  and  Cascade  Locks  has  been  compiled  from  reports  of  the  various 
tamers  and  transportation  companies  doing  business  on  this  part  of  the  river 
ring  tiiie  calendar  year  1897 : 

Tons. 

nd  and  gravel 91,500 

ain 6,216 

ttle  and  horses 1,648 

eep  and  hogs 763 

neral  merchandise 18,427 

sb 2,842 

ool 536 

Mcngers  (81,913) 5,463 

Total 122,394 


TT  i8. 


mPROYEMENT  OF  CLEARWATER  RIVER,  IDAHO. 
Ids  weik  was  in  the  dhargs  of  Capt.  Harry  Taylor.  Corps  of  Bngineera,  until  Novsmbsr  80, 1887.] 

The  original  project  for  improyement,  adopted  in  1879^  provided  for 
moving  rocks  from  the  channel  to  obtain  a  low- water  depth  of  4jf  feet 
the  40  miles  of  the  Clearwater  above  its  mouth  in  the  Snake  Biver 
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;  1 


at  LewiBton.  Idabo,  at  an  estimated  cost  of  $34,424.  (Annual  Bepit 
of  the  Ohief  of  Engineers  for  1870,  Part  II,  p.  1865.) 

Up  to  and  inclnding  the  act  of  Oongress  of  Angnst  2, 1882,  $15,000 
were  appropriated  for  this  purpose.  No  appropriations  were  made 
between  Angnst  2, 1882,  and  Jnne  3, 1896. 

The  act  of  Oongress  of  Jnne  3, 1898,  appropriated  $25,000  for  <<oai- 
tinning  the  improvement  of  Glearwatcur  Biver." 

By  letter  dated  Office  of  the  Ohief  of  Engineers,  United  States  Army, 
July  23, 1896,  Oapt.  Harry  Taylor,  Oorps  of  Bngineers,  was  anthorixed 
to  make  a  survey  of  the  stream  to  obtain  data  upon  which  to  base  an 
estimate  of  the  cost  of  inoproving  it  so  as  to  better  meet  the  reqoire- 
ments  of  the  conntry.  The  project  submitted  in  this  report,  and 
approved  by  the  Secretary  of  War  on  Jnly  23,  1897,  provides  for 
improving  the  stream  for  high- water  navigation,  at  an  estimated  oort 
of  $35,000,  independent  of  $15,000  appropriated  prior  to  1883,  but 
inclnding  $25,000  appropriated  Jnne  3, 1896. 

Dnring  the  past  season  operations  consisting  of  blasting  by  hind 
labo^  snch  rocks  as  interfered  with  high- water  navigation,  from  Eamiik 
Idaho,  abont  67  miles  above  Lewiston,  Idaho,  down  to  ^^  Big  Bddy,^ 
abont  27  miles  above  Lewiston.  As  it  is  impossible  to  tow  qnacter 
boats  np  against  the  current  of  the  stream,  and  as  work  can  not  be 
economically  condncted  withont  them,  each  season's  operations  miut 
be  inaugurated  by  the  construction  of  such  boats.  On  Augnst  8, 1897, 
the  men  engaged  for  the  work  began  the  construction  oi  three  such 
boats,  30,  36,  and  40  feet  long,  a  short  distance  above  Kamiah.  Tbej 
were  completed  on  August  15,  and  on  August  23  the  party  began  to 
descend  the  stream,  stopping  en  route  to  blast  out  obstructing  rocks. 
Big  Eddy,  formerly  one  of  the  most  dangerous  places  in  the  strean, 
was  reached  on  October  22, 1897,  and  tcom  that  date  until  February  14, 
1898,  when  continued  high  water  caused  operations  to  be  suspended  for 
the  season,  efforts  were  confined  to  removing  the  obstructing  rocks  it 
that  place.  The  work  done  during  the  season  resulted  in  considera^j 
lessening  the  dangers  heretofore  at^nding  high-water  navigatioi 
between  Kamiah  and  Big  Eddy,  and  particularly  at  Big  Eddy. 

Manejf  MtaUmewL 

Jnlj  1,  lS97.1>alMioe unexpended .•......••  $17,89117 

December  90, 1897.  relmbnnement  for  property  tnuuferred  * itf 

March  28, 1888,  refkLndment  of  overpajment  t .9 


Jane  80, 1888,  smoimt  sipeiidod  doling  AmaI  jesr. 


17,8Stff 

U,S8ai8 


July  L  1886, balanoe  nnezpendod t,4StO 

July  1, 1886,  ontstanding  UAbiUtias 73.8 


July  1, 1886,  bilanoe  avmUable 9^377.0 

'  Amount  (eethnated)  required  for  completion  of  ezistinff  project 10^  000. 00 

1  A  mount  tnat  can  be  profitably  expended  in  fiscal  Tear  en^ne  J  ane  30, 1900  10^  OOOL  00 
^  Submitted  in  commianoe  with  requirements  of  sections  9  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  oiyil  act  of  June  I,  ISSfi. 


J' 
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Act  Oa  

Maroh  8, 1879 15,000.00 

June  14,1880 5,000.00 

AugastS,  1882 : 5^000.00 

Junes,  1886 95^000.00 

40,000.00 

December  M1897,  leimbnnement  for  property  * 2.00 

March  28, 1898,  refundment  of  oyerpaymentt .50 

TtotAl 40^003.50 


OOMMSBOIAL  STATIStlOS. 

Two  stem-wbeel  iteamboftts.  the  LewUUm,  tonna^  589.92,  and  the  Almota^  ton- 
nage 502.85 ;  draft  of  water,  fhUy  laden,  4  feet  6  Inches ;  light,  1  foot  9  inches ;  owned 
by  the  Oregon  Bailroad  and  Kayigation  Company,  navigate  the  SO  or  40  miles  of 
Clearwatcor  Biver  immediately  aboYe  its  month  at  Lewiston  when  the  stream  is  at  a 
saflSoiently  hiffh  stage. 

It  has  been  impracticable  to  obtain  a  statement  of  the  commerce  handled  on  the 
stream  during  the  past  year,  but  it  is  known  that  considerable  wheat  was,  as  in 
former  years,  carried  by  the  steamboats  from  various  points  on  the  lower  part  of  the 
river  down  to  Riparia,  on  Snake  River,  at  which  point  it  was  shipped  by  rail  to  Port- 
land for  export  to  Europe.  Warehouses  for  storing  wheat  prior  to  shipment  down 
the  Claarwater  River  are  now  being  constructed  at  several  points  above  Lewiston. 


PRSLDONART  EXAMINATION  OF  UMPQUA  RIVER,  BAR  AND  ENTRANCE, 

OREGON. 

(Pkintod  in  Home  Doe. No.  la,  Ftfty-flflh  OongrBiii,  leooad  Mulan.] 

Office  of  the  Ohief  of  ENOiNEERSy 

United  States  Armt, 
Washingtonj  December  2^  1897^ 

Sir:  I  have  the  honor  to  submit  the  accompanying  report  of  Angust 
28, 1897,  with  map^  by  Gapt.  W.  L.  Fisk,  Corps  of  Engineers,  of  the 
re^nlts  of  a  preliminary  examination  of  IJmpqna  Biver,  bar  and  entrance, 
Oregon,  made  to  comply  with  reqoirements  of  the  river  and  harbor  act 
of  June  3, 1896. 

The  harbor  throat  proper  has  a  minimum  depth  of  about  30  feet  and 
width  of  900  feet  at  low  tide;  the  average  depth  on  the  crest  of  the 
bar  is  seldom  less  than  13  feet  at  low  water  or  19  feet  at  high  water, 
aod  no  serious  obstructions  to  navigation  exist. 

Captain  Fisk  states  that  any  plan  with  a  view  to  deepening  the  chan- 
nel over  the  bar  must  of  necessity  include  the  construction  of  at  least 
one  high-tide  jetty  a  mile  or  more  in  length,  and  the  expenditure  this 
would  involve  does  not  seem  warranted.  He  believes  that  the  excellent 
natural  conditions  of  this  entrance,  together  with  the  continued  good 

*  Ttuutet  of  property  authorised  by  Chief  of  Eng ineen.  U.  8.  Army,  November  17. 
1S97. 

t  Overpayment  of  25  eents  made  on  each  yoacher  64  and  voucher  56  foit  Fabmary, 
1886|  was  refunded  on  March  23, 18d8. 

INot  wprinted.  Printed  in  House  Doo.  No.  122^  Fifty-flfth  CongreM,  aeoond 
lion. 
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depth  upon  the  bar,  are  anflQcient  for  the  needs  of  oommerce  for  some 
time  tx>  come,  in  consideration  of  which  the  harbor  is  deemed  by  him  to 
be  unworthy  of  improvement  by  the  General  (Government  at  the  present 
time.  The  views  of  Captain  Fisk  are  concurred  in  by  the  division 
engineer,  OoL  Chas.  B.  Snter,  Corps  of  Engineers,  and  by  me. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Gmi.,  Chief  of  Ungineerg, 

U.  S.  Arm§. 
Hon.  S.  A.  Alger, 

Secretary  of  War. 


report  of  oapt.  w.  l.  fisk,  corps  of  bnginskrs. 

United  Sta^tes  Engineer  Office, 

Partlandy  Oreg.j  August  U8j  1897. 

General:  I  have  the  honor  to  submit  herewith  the  following  report 
of  preliminary  examination  of  the  ^^Umpqua  Biver,  bar  and  entrance, 
Oregon,"  made  in  compliance  with  river  and  harbor  act  of  June  3, 1896^ 
and  letter  of  Chief  of  Engineers  dated  June  16, 1896: 

The  Umpqua  Eiver  is  the  largest  stream  emptying  into  the  Pacific 
between  the  Sacramento  and  Columbia  rivers.  It  rises  in  the  Cascade 
Mountains  about  120  miles  east  of  the  coast,  flows  in  a  general  north' 
westerly  direction,  and  empties  into  the  Pacific  Ocean  about  175  milei 
south  of  the  mouth  of  the  Columbia  Biver. 
1  The  ITmpqua  Biver  was  one  of  the  earliest  gateways  to  the  interior 

I  ,  of  Oregon,  and  it  was  throngh  this  valley  that  many  of  the  early  settlers 

and  supplies  found  their  way  to  the  mining  regions  in  the  southwestern 
I  part  of  the  State.    The  river  is  navigable  only  to  the  head  of  tide 

j  water,  a  distance  of  26  miles,  and  above  this  point  is  little  else  than 

a  mountain  stream  of  successive  shallow  rock  rapids,  gravel  shoals, 
and  intervening  pools. 

The  total  drainage  area  of  the  liver  and  its  tributaries  is  about  4,000 
square  miles.  The  region  tributary  to  the  Umpqua  supports  a.growtb 
of  valuable  timber,  and  the  upper  valley  is  broad  and  fertile  and  well 
under  cultivation. 

On  the  tidal  portion  of  the  river  there  is  practically  no  arable  land, 
as  the  valley  contracts  and  the  river  winds  between  high  hills  on  either 
side,  hence  the  industries  of  the  section  are  confined  largely  to  tkt 
production  of  lumber  and  canning  of  salmon. 

The  small  village  of  Scottsburg,  containing  about  100  inhabitaDts, 
is  situated  at  the  head  of  navigation  for  river  craft,  and  is  the  point 
of  transfer  from  stage  to  steamer  on  the  route  to  the  mouth  of  the 
Umpqua. 

Gardiner  is  the  principal  town  of  the  Lower  Umpqua,  and  is  situated 
about  8  miles  above  the  mouth  at  the  head  of  navigation  for  seagoing 
vessels. 

Gardiner  has  a  population  of  about  400,  and  is  the  manufactarin; 

E>int  of  this  section,  having  a  sawmill  with  a  capacity  of  80,000  fee( 
.  M.  per  day,  a  cannery  with  an  output  of  10,000  cases  per  year,  and 
a  creamery  which  in  1895  shipped  40,000  pounds  of  butter. 

Smiths  Biver  joins  the  Umpqua  about  1  mile  above  Gardiner  and  if 
the  principal  tributary  of  this  section. 
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The  Umpqna,  above  the  mouth  of  Smiths  Biver  to  the  head  of  navi- 
gatioDy  varies  in  width  from  500  feet  to  one-haif  mile,  and  has  a  depth 
of  from  2  to  20  feet  at  time  of  low  tide. 

From  the  mouth  of  Smiths  Biver  to  the  ocean  the  Umpqua  widens 
out  into  an  elongated  bay  or  tidal  estuary,  varying  in  width  from  three- 
eighths  to  11  miles  and  having  a  minimum  depth  of  about  10  feet  at 
low  tide.  This  bay  contains  here  and  there  a  few  marshy  islands  and 
quite  an  expanse  of  mud  flats,  bare  at  time  of  low  water.  The  last  4 
miles  of  bay  are  bounded  on  the  east  and  south  by  a  high  rocky  shore, 
a  prominent  indentation  of  which  forms  Winchester  Bay,  just  inside  the 
entrance.  On  the  west  and  north  between  the  bay  and  ocean  is  a  broad 
sand  spit  mostly  bare  of  all  vegetation,  about  4  miles  in  length  and  1 
mile  in  width. 

A  group  of  sunken  rocks,  known  as  <^  Ork  Beef,"  lies  in  mid-channel 
between  Winchester  B^y  and  the  north  spit.  This  reef  is  bare  at  low 
water,  but  forms  no  serious  obstruction,  as  it  is  well  buoyed  and  the 
channel  to  the  west  is  about  one  fourth  mile  in  width  and  of  ample 
depth. 

The  harbor  throat  proper  is  900  feet  wide  at  low  tide  and  has  a  mini- 
mum depth  of  about  30  feet,  while  at  high  water  the  width  between 
shore  lines  is  one-half  mile  or  more. 

On  the  south  side  of  the  entrance  is  a  rocky  reef,  bare  at  low  tide, 
which  extends  a  short  distance  into  the  channel,  but  seems  no  serious 
menace  to  navigation. 

The  crest  of  the  bar  lies  southwest  of  the  entrance  about  1  mile,  and 
though  influenced  somewhat  by  ocean  storms  and  river  freshets,  the 
average  depth  thereon  is  seldom  less  than  13  feet  at  low  water.  The 
distance  between  breakers  on  the  bar  is  about  1,800  feet,  and  the 
3-fathom  curve  is  found  about  2,000  feet  each  side  of  the  crest.  At  times 
during  the  rainy  season  heavy  freshets  occur  in  the  river,  adding  an 
Immense  volume  of  fresh  water  to  the  tidal  discharge,  which  is  usually 
more  detrimental  than  beneficial  to  the  entrance  in  that  the  increased 
current  scours  away  the  sands  of  the  north  spit  and  deposits  the  same 
upon  the  bar.  The  mean  range  of  tide  on  the  bar  is  about  5  feet,  or 
6.2  feet  above  the  Coast  Survey  datum  of  mean  lower  low  wiater;  hence 
the  depth  on  the  crest  at  mean  high  water  is  about  19  feet. 

The  tidal  influence  extends  almost  undiminished  for  a  distance  of  26 
miles  up  the  IJmpqua  to  the  foot  of  the  rapids,  and  the  tidal  area  of  the 
stretch  is  about  10  square  miles,  giving  an  average  discharge  at  the 
mouth  of  about  65,000  cubic  feet  per  second. 

No  hidden  dangers  lie  off  the  entrance  to  the  river,  and  the  coast  for 
about  20  miles  on  either  side  is  a  sandy  beach,  behind  which  are  sand 
dunes,  those  to  the  south  of  the  entrance  rising  to  considerable  height, 
thus  forming  a  conspicuous  landfall  for  vessels. 

A  first-order  lighthouse  is  situated  on  the  heights  about  three-quar- 
ters of  a  mile  south  of  the  entrance,  and  a  life-saving  station  is  located 
on  the  north  spit,  about  1  mile  above  the  mouth  of  the  river. 

Because  of  the  slight  variation  in  position  and  depth  of  this  bar  the 
TTmpqua  Biver  entrance  has  always  been  considered  one  of  the  safest 
on  the  coast,  and  comparison  of  the  earliest  known  coast  survey  of 
1854  with  that  of  most  recent  date  shows  but  little  change  and  confirms 
this  reputation. 

Herewith  is  submitted  a  sketch  of  the  entrance  and  bar  taken  from 
the  last  Coast  Survey  chart  made  in  1885  and  1886, 
sua  98—188 
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The  namber  of  coastwise  vessels  arriyiBg  and  clearing  at  this  port 
during  the  year  of  1896  was  81.  Of  these,  38  were  steamers  and  43  sail- 
ingyessels. 

The  schooners  LiUiej  Louise,  Lueyj  and  Badie,  of  San  Francisco,  make 
regolar  trips  to  the  Gardiner  Mill  for  lumber,  and  the  steamers  ArcaUj 
Alice  Blanehardj  and  Arngo  mn  to  Gardiner  occasionally. 

The  mazimam  draft  of  loaded  vessels  crossing  the  bar  is  14.6  feet 

The  stem- wheel  steamer  Eva^  draft  2  feet,  makes  duly  trix»  between 
Gardiner  and  Scottsborg,  and  daring  the  year  1896  carried  2,600  pas- 
sengers and  1,000  tons  of  freight. 

Steam  propeller  Ji»no,  draft  4  feet,  makes  triweekly  trips  up  Smiths 
Biver  from  Gardiner  to  Sulphur  Springs,  a  distance  of  18  miles,  sod 
daring  the  year  1896  carried  1,490  passengers  and  500  tons  of  freight 

The  following  statistics  of  receipts  and  shipments  at  the  month  of 
the  Umpqua  during  the  year  ending  December  31, 1896,  have  been  fur- 
nished by  the  Gardiner  Mill  Company: 

BsMipti: 

Genenl  merohandiM • • tons..  1,600 

Agriooltiiral  implementi do...  10 

Cannery  supplies do...  ft 

Shipmenti: 

Lumber ft..  laOOO^On 

Letha M..  9^000 

Salmon. .«•• tona..  SO 

Grain do...  IS 

Cattle do...  S9 

Hiscellaneoas  freight do...  5S 

Estimated  yalae  of  imports ....  $101^ 5(9 

Estimated  yalne  of  exports $161,450 

Fnll  and  definite  knowledge  of  the  existing  eonditions  at  the  moatii 
of  the  Umpqna  Biver  can  not  be  had  without  a  more  detailed  examinA- 
tion  and  survey  of  the  bar  and  entrance,  and  no  accurate  estimate  of 
the  cost  of  improvement  can  be  made  at  this  time.  However,  any  plai 
with  a  view  to  deepening  the  channel  over  the  bar  must  of  necessi^ 
include  the  construction  of  at  least  one  high-tide  jetty  amUe  or  moieii 
length,  and  the  expenditure  this  would  involve  does  not  seem  warranted 
It  is  believed  that  the  excellent  natural  conditions  of  this  entranoi^ 
together  with  the  continued  good  depth  uiK)n  the  bar,  are  suflSdentfiff 
the  needs  of  commerce  for  some  time  to  come,  and  in  consideration  i 
this  the  harbor  is  deemed  unworthy  of  improvement  by  the  Genenl 
Government  at  the  present  time. 

Very  respectftdly,  your  obedient  servant, 

W.  L.  FiSK, 
Captain^  Corps  of  Engineers, 
Brig.  Gtea.  John  M.  Wilson, 

Chief  of  Engineers  J  U.  8.  A. 

(Through  the  Division  Engineer.) 

[Thlzd  indonement.] 

U.  8.  Engineer  Offiob, 

Paoipio  Division, 
Ban  Franoisooy  CaUj  September  17 ^  18S7. 
Bespeotftilly  returned. 
I  concur  in  the  views  of  the  district  officer. 

Ohjls.  B.  Sutkb. 
Colonel  of  Engineers^  Division  EngiMr. 
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TTao. 

PRELDONART  EXAMINATION  OF  AL8EA  RTVER,  OREOON,  FROM  HEAD 

OF  TIDE  WATER  TO  UPPER  AL8EA  VALLEY. 

{PriBtod  In  HonM  Doe.  No.  Ill,  nfty-flfth  CongreM,  seoond  mhIob.] 
OFFIOB  OF  THE  OHISF  OF  BNOINEERS, 

United  States  Army, 
Washington^  December  i,  1897. 

Sir:  I  have  the  bonor  to  submit  tbe  accompaDying  copy  of  report, 
dated  October  5, 1897,  with  map,*  by  Gapt.  W.  L.  Fisk,  Corps  of  Engi- 
neers, giving  the  results  of  a  preliminary  ezaminatiou  of  Alsea  Eiver, 
Oregou,  from  head  of  tide  water  to  Upper  Alsea  Valley,  made  to  comply 
with  the  provisions  of  the  river  and  harbor  act  of  June  3, 1896. 

The  work  of  improving  this  section  of  the  Alsea  Biver,  under  an 
appropriation  made  therefor  by  the  river  and  harbor  act  of  June  3, 
1896,  was  completed  September  14, 1897,  and  resulted  in  providing  a 
high-water  boat  channel  varjring  in  width  from  20  to  50  feet,  clear  of 
ototructions  above  the  plane  of  low  water,  which  may  be  run  with  com- 
parative safety  on  any  ordinary  rise. 

For  the  reasons  given  in  the  report  Captain  Fisk  is  of  opinion  that 
the  improvement  of  the  river  for  low- water  navigation  and  the  improve- 
ment of  the  river  above  the  head  of  tide  water  are  not  worthy  of  farther 
action  by  the  General  Oovernment. 

The  views  of  the  local  officer  are  concurred  in  by  the  division  engi- 
ueer.  Col.  Charles  B.  Suter,  Corps  of  Engineers,  and  by  me. 
Very  respectfally,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  JEngineertj 

U.  8.  Army. 
Hon.  B.  A.  Algeb, 

Beoretary  of  War. 


report  of  oapt.  w.  l.  fiski  oorp8  of  engineers. 

United  States  Enoinebr  Offiob, 

Fortlandy  Oreg.j  October  5, 1897. 

Oenbral:  I  have  the  honor  to  submit  herewith  a  report  of  prelimi- 
nary examination  of  ^^  Alsea  Biver,  Oregon,  frt)m  head  of  tide  water  to 
Upper  Alsea  Valley,"  made  in  accordance  with  river  and  harbor  act  of 
June  3, 1896,  and  Chief  of  Engineers'  letter  dated  June  18, 1896. 

For  a  general  description  of  the  Alsea  Biver  and  Valley,  attention  is 
invited  to  a  report  on  a  former  preliminary  examination,  dated  October 
10, 1892,  published  in  House  Ex.  Doc.  No.  53,  Fifty -second  Congress, 
second  session,  and  also  report  of  survey  and  approved  project,  dated 
January  1, 1895,  published  in  House  Ex.  Doc  No.  235,  Fifty-third  Con- 
gress, third  session. 

The  plan  recommended  in  the  latter  report,  providing  for  the  improve- 
ment of  the  river  above  tide  water  for  high- water  navigation,  and  author- 

*Volnpiiated.  Printed  in  Home  Doo. No. Ill,  Flffy-flfUi  Oongrat»  seoond 
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ized  by  th'e  last  river  and  harbor  act.  has  been  carried  out  daring  tk 
present  season  and  completed  September  14, 1897. 

The  country  adjacent  to  <^  The  Forks  "  of  the  Alsea,  distant  some  31 
miles  by  river  above  the  head  of  tide  water,  may  be  said  to  constitiitB 
the  ^'  Upper  Alsea  Valley,''  or  the  prescribed  head  of  this  examination. 
This  stretch  of  river  between  ^<  The  Forks  "  and  tide  water  is  essentially 
a  mountain  torrent,  the  total  low- water  slope  being  nearly  250  feet  on 
an  average  fall  of  about  8  feet  to  the  mile. 

On  the  31  miles  of  river  there  were  seventeen  well-defined  rapids, 
having  a  fall  of  from  2  to  5  feet  per  100  feet,  and  about  an  equal  nam- 
ber  of  lesser  riffles,  all  more  or  less  rugged  and  menacing  even  at  time 
of  extreme  high  water,  and  owing  to  this  perilous  condition  but  litlJe 
boating  has  been  done  upon  the  river  of  late  years,  the  farmers  prefer- 
ring to  haul  by  wagon  over  steep  mountain  roads  rather  than  take 
chance  of  loss  by  river. 

The  method  of  navigation  on  the  river,  as  described  in  previous 
reports,  is  by  means  of  rough  scows  15  co  40  £eet  in  length  and  5  to  10 
feet  in  width,  having  a  loaded  draft  of  from  12  to  18  inches.  These  are 
loaded  at  ^^  The  Forks"  during  time  of  freshets  with  the  produce  of  the 
upper  valley,  such  as  wheat,  Sour,  bacon,  lumber,  etc,  and  floated  to 
Waldport,  at  the  month  of  the  river,  the  run  under  favorable  oonditiom 
being  made  in  about  ten  hours.  During  time  of  low  water  the  depth 
on  the  rapids  of  the  upper  river  is  from  6  inches  to  1  foot,  while  sections 
of  the  lower  river  practically  run  dry,  presenting  series  of  bare  roet 
ledges  with  intervening  narrow  channels,  and  it  is  with  difficulty  that 
a  skiif  can  navigate  the  river  at  such  times — ^hence  the  improvement  d 
the  river  for  low-water  navigation  is  utterly  out  of  the  question. 

The  work  of  improvement  during  the  present  season  has  provided  t 
high  water  boat  channel,  varying  in  width  from  20  to  50  feet,  clear  of  aH 
obstructions  above  the  plane  of  low  water,  which  maybe  run  withcoiB- 
parative  safety  on  any  ordinary  rise,  and  boatmen  accustomed  to  usiDK 
the  river  express  themselves  as  well  satisfied  with  its  present  conditioB. 
Therefore  it  is  believed  that  the  << Alsea  Biver  above  the  head  of  tie 
water"  is  unworthy  of  further  improvement  by  the  General  Govemmcait 

A  map  of  the  river  from  <^The  Forks"  to  head  of  tide  water,  apoo 
which  is  shown  the  location  of  principal  rapids,  is  submitted  herewitl. 
Very  respectfully,  your  obedient  servant, 

W.  L.  FisK, 
Oaptain^  Corps  of  Enginten 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A, 

(Through  the  Division  Engineer.) 

[Fint  Indonement.] 

U.  S.  Enoineeb  Office,  Paoipio  Division, 

San  FraneiscOy  CaL^  October  7, 1897, 

BespectftQly  forwarded  to  the  Chief  of  Engineers,  ^bited  States 
Army. 
I  ooncur  in  the  views  of  the  district  officer. 

Ghas.  B.  Sutsb, 
Colonel  of  Engineers^  Division  Engtnesr, 
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T  T  21. 

PRELIMINART  EXAMINATION  OP  YAQUINA  RIVER,  OREGON,  FROM  THE 
TOWN  OF  YAQUINA  TO  HEAD  OF  TIDE,  INCLUDING  BIG  ELK  RIVER  TO 
SUNSET  QUARRY. 

[Printod  in  House  Boa  Ko.  112,  Fifty-fifth  CongroM,  aooond  Madoih] 
OFPIOE  OF  THB  OHIEF  OF  ENGINEBBS, 

United  States  Army, 
Washington^  December  i,  1897, 

SiB:  I  have  the  honor  to  submit  the  accompanying  report,  dated 
October  16, 1697,  with  map,*  by  Oapt.  W.  L.  Fisk,  Corps  of  J^ngineers, 
of  the  results  of  a  preliminary  examination  of  Yaquina  Biver,  Oregon, 
from  the  town  of  Yaquina  to  head  of  tide,  including  Big  Elk  Biver  to 
Sunset  Quarry,  made  to  comply  with  provisions  of  the  river  and  harbor 
act  of  June  3, 1896. 

For  reasons  given,  Captain  Fisk  is  of  opinion,  which  is  concurred  in 
by  Col.  C.  B.  Suter,  Corps  of -Engineers,  Division  Engineer,  and  by  me, 
that  these  streams  are  not  worthy  of  improvement  by  the  General 
Government  at  the  present  time. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  Engineers^ 

U.  8.  Armjf. 
Hod.  B.  a.  Algeb, 

Secretary  of  War. 


BBPOBT  OF  OAPT.  W.  L.  FISK,  OOBPS  OF  BNGINBBB8. 

United  States  Engineeb  OFFioSy 

Portland^  Oreg.j  October  15 j  1897. 

.  Gbnebal:  I  have  the  honor  to  submit  herewith  a  report  on  prelimi- 
nary examination  of  '^Yaquina  Biver,  Oregon,  from  town  of  Yaquina 
to  head  of  tide,  including  Big  Elk  Kiver  to  Sunset  Quarry,"  made  in 
accordance  with  river  and  harbor  act  of  June  3, 1896,  and  Chief  of 
Engineers'  letter  dated  June  16, 1896. 

The  town  of  Yaquina,  the  lower  limit  of  this  examination,  is  located 
on  the  river  about  3  miles  above  the  entrance  to  Yaquina  Bay,  and  the 
^^bead  of  tide"  in  Yaquina  Biver  proper  is  about  23  miles  above  this 
point. 

Big  Elk  Biver  joins  the  Yaquina  about  4  miles  below  the  head  of  tide 
and  is  itself  susceptible  to  tidal  influence  to  ^^  Sunset  Quarry ,"  a  dis- 
tance of  4  miles  above  the  confluence. 

The  river  at  the  town  of  Yaquina  is  about  one-fourth  of  a  mile  wide; 
at  Toledo,  9  miles  above,  about  half  that  width;  at  Elk  City,  near  mouth 
of  Big  Elk  Biver,  only  100  feet  in  width. 

On  this  stretch  of  river  there  are  five  shoals,  having  a  depth  of  about 
2  feet  at  time  of  low  tide,  but  which  do  not  form  serious  obstructions  to 
navigation,  in  that  the  average  range  of  tide  at  Elk  City  is  about  6  feet; 
hence  ample  depth  to  meet  the  demand  of  commerce  may  be  had  on  them 
for  several  hours  twice  in  each  twenty-four  hours. 

Yaquina  and  Big  Elk  rivers  above  their  confluence  are  from  50  to  75 
feet  in  width,  each  very  crooked  and  shoal,  and  at  points  impassable 

*  Not  reprinted.    Printed  in  Honse  Doo.  No.  112;  Fifty-fifth  Congreas,  aeoond  aeaeion. 
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because  of  snags,  and  tbey  are  believed  to  be  ansnsoeptible  to  impro^ 
ment  for  navigation  except  daring  time  of  freshet. 

^^Snnset  Qnarry,"  on  Big  Elk,  is  only  a  qnarry  in  name,  as  less  than 
60  tons  of  rock  have  ever  ^en  taken  firom  there,  and  as  this  same  roci 
may  be  found  at  other  points  below  Elk  Oity,  it  is  thought  this  qaany 
will  be  of  little  commercial  value — at  best  insufficient  to  warrant  tiie 
improvement. 

The  general  character  of  the  land  adjacent  to  Yaquina  Biver  is  roa|^ 
and  hilly,  unsuitable  for  agriculture,  and  its  principal  production  is 
building  stone.  A  large  portion  of  the  commerce  on  the  river  daring 
the  past  fourteen  years  has  been  that  of  rock  transportation  by  the 
United  Suites  ftrom  quarries  near  Toledo  and  Elk  City  to  the  jetties  at 
the  entrance  of  the  bay.  Scows,  30  by  100  by  5  feet  draft,  have  gen- 
erally been  used  iu  transporting  the  stone,  and  in  all  several  hundred 
thousand  tons  have  been  delivered  and  no  especial  difficulty  experienced 
on  the  shoals. 

The  above  would  seem  to  indicate  that  the  river  in  its  present  con- 
dition is  sufficiently  navigable  to  meet  all  demands  of  commerce,  pres- 
ent  and  prospective,  and  therefore  Yaquina  Biver  and  its  tributaries  an 
not  believed  worthy  of  improvement  by  the  G^eral  Government  at  the 
present  time. 

Herewith  is  submitted  a  sketch  of  the  portion  of  Yaquina  Biver  oor- 
ered  by  the  examination. 

Very  respectfully,  your  obedient  servant, 

W.  L.  Fbsk, 
Oa/pUrin^  Oarpa  of  Bngmten. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Ungineer8j  U.  8.  Am 
(Through  the  Division  Engineer.) 

[Fint  IndoneBMit.) 

IT.  B.  Enginisbb  Office,  Paoifio  Division^ 

San  FranciBCOj  OdL^  October  19^  18S7. 

Bespectfnlly  forwarded  to  the  Ohief  of  Engineers,  United  States 
Army. 
I  concur  in  the  views  of  the  district  officer. 

Ghas.  B.  Stjtkb, 
Colonel  of  Engineere^  IHvieian  Engineer. 


T  T  22. 


PRELIMINABT  EXAMINATION  OF  8ILETZ  BiyER,  BAR  AND  ENTBAKa 

OBEQON. 

(Pkinted  in  Hoiue  Doo.  No.  107,  Flftj-flAh  OongNM,  Moond  sesalon.] 

[     ,  OFFIQB  OF  THE  OhIEF  OF  BNOINEEBS, 

United  States  Abmy, 
Washingtonj  December  i,  1897, 

SiB:  I  have  the  honor  to  submit  the  accompanying  copy  of  report) 
dated  August  27, 1897,  with  map,*  by  Oapt.  W.  L.  Fisk,  Corps  of  Edp 
neers,  giving  the  results  of  a  proliminary  examination  of  Sileti  Biver, 

*  Not  reprinted.    Printed  in  House  Doo.  No.  107,  Fifty-fifth  Congreoo,  aeoond  meun- 
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bar  and  entranoe,  Oregon,  made  to  comply  with  the  proviaionB  of  the 
river  and  harbor  act  of  Jnne  3, 1896. 

The  Siletz  Biyer  is,  for  the  most  part,  a  shallow  mountain  stream, 
emptying  into  Siletz  Bay  near  its  southern  end,  If  miles  from  the  bay 
entrance.  At  the  north  side  of  the  entrance  to  the  bay  is  a  ledge  of 
soft  rock,  beyond  which  extends  a  sand  beach  400  feet  to  the  base  of  a 
headland.  Other  ledges  may  exist  in  the  channel  between  the  entrance 
and  the  bar. 

Captain  Fisk  states  that  any  plan  of  improvement  for  widening  the 
enhance  to  the  bay  or  deepening  the  channel  across  the  bar  woold 
necessarily  involve  the  construction  of  at  least  one,  and  possibly  two, 
high-tide  jetties  extending  seaward  one-fourth  mile  or  more,  and  that 
the  cost  of  the  work  woiUd  be  great,  and  in  view  of  the  limited  and 
uncertain  benefits  to  be  obtaineid,  as  indicated  by  existing  and  pro- 
spective conditions  at  this  point,  he  is  of  opinion,  which  is  concurred 
in  by  the  Division  Engineer,  GoL  Charles  B.  Suter,  Corps  of  Engineers, 
and  by  me,  that  the  bay  and  entrance  are  unworthy  of  improvement  by 
the  General  Government  at  this  time. 

Very  respectftdly,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  O&n^  Ohirf  of  UngjneerMf 

u.  8.  Armjf. 
Hon.  B.  A.  Algbr, 

Beeretary  of  War. 


bbport  of  oapt.  w.  l.  fisk,  corps  of  ]enainxbr& 

Unitsb  States  Engineer  Offiob, 

Portland,  Oreg.,  August  27^  1897. 

GsNERAii :  I  have  the  honor  to  submit  herewith  the  following  report 
of  preliminary  examination  of  the  *^  Siletz  Biver,  bar  and  entrance," 
made  in  compliance  with  the  river  and  harbor  act  of  June  3, 1896,  and 
letter  of  Chief  of  Engineers  dated  June  16, 1896 : 

Siletz  Bay  is  one  of  the  lesser  estuaries  of  the  Oregon  coast,  situated 
about  90  mUes  south  of  the  mouth  of  the  Columbia  Biver  and  20  miles 
north  of  Yaquina  Bay. 

The  bay  is  2^  miles  in  length  and  firom  one-fourth  mile  to  1  mile  in 
width,  and  is  separated  from  the  ocean  by  a  narrow  sand  spit  project- 
ing from  the  south  about  one-eighth  mile  in  width.  The  main  axis  of 
the  bay  is  north  and  south,  pariSld  with  the  line  of  the  Pacific  coast. 
The  bay  entrance  is  at  its  north  end,  and  is  about  350  feet  in  width  at 
time  of  low  tide,  with  a  general  depth  of  about  18  feet. 

The  west  side  of  the  bay  is  an  abrupt  sandy  beach,  and  it  is  along 
this  shore  that  the  deepest  water  is  found,  while  the  east  side  at  time 
of  low  tide  is  a  series  of  mud  flats  and  tidal  sloughs. 

The  low- water  anchorage  of  the  bay  \&  about  300  acres,  with  an  aver- 
age depth  of  about  18  feet. 

At  the  north  side  of  the  entrance  to  the  bay  is  a  ledge  of  soft  rock, 
beyond  which  extends  a  sand  beach  400  feet  to  the  base  of  the  head- 
land^  and  it  is  reported  that  at  times  the  iK)sition  of  the  channel  shifts 
in  such  a  manner  as  to  cut  away  these  sands  on  the  north  and  extend 
the  spit  on  the  south,  thus  placing  the  ledge  near  mid-channel  and  mak- 
ing t&e  entrance  very  narrow.  Other  ledges  may  possibly  exist  in  the 
channel  between  the  entrance  and  the  bar. 
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The  crest  of  the  bar  at  time  of  examination  lay  abont  one-fonrth  mile 
westward  of  the  month  of  the  bay,  and  the  channel  from  the  moath  to 
within  abont  250  feet  of  the  crest  was  direct  and  of  ample  width  and 
hsid  a  minimnm  depth  of  18  feet  at  low  tide.  The  minimum  depth  on 
the  bar  at  time  of  low  tide  was  fonnd  to  be  abont  3  feet  and  the  dis- 
tance across  the  same  between  3-fathom  curves  abont  450  feet. 

It  is  estimated  that  the  opening  between  breakers  at  the  crest  is 
about  400  feet. 

The  mean  range  of  tide  on  the  bar  is  abont  6  feet. 

The  prevailing  winds  along  the  coast  during  the  winter  season  are 
from  the  southeast,  south,  and  southwest,  and  in  summer  from  the 
northwest,  and  it  is  thought  probable  from  observation  at  other  locali- 
ties that  the  channel  shifts  northward  in  winter  and  southward  in 
summer. 

The  Siletz  Biver,  after  which  the  bay  takes  its  name,  is  for  the  most 
part  a  shallow  mountain  stream,  which  rises  on  the  western  slope  of 
the  Ooast  Range  about  16  miles  east  of  its  mouth,  and  following  a  very 
circuitous  course  flows  into  the  bay  near  its  south  end  If  miles  from  the 
entrance.  The  total  length  of  the  river  is  about  60  miles,  and  theinfla- 
ence  of  the  tide  is  felt  for  about  one- third  the  distance  above  its  mouth. 

Two  smaller  streams,  Drift  Biver  and  Schooner  Greek,  idso  flow  into 
the  bay  near  its  head. 

The  Siletz  Biver  Valley,  having  a  drainage  area  of  about  300  square 
miles,  lies  almost  wholly  within  what  was  until  recently  the  Siletz  Indian 
Beservation,  the  lands  of  which  are  for  the  most  part  now  held  in  sever- 
alty by  the  Indians,  who  are  unable  to  alienate  any  portion  of  their  pos- 
sessions for  a  period  of  twenty-five  years,  and  in  consequence  of  this  the 
settlement  and  cultivation  of  this  valley  is  much  retarded  and  its 
industries  correspondingly  limited.  Oonsiderable  arable  land  lies  along 
the  lower  and  middle  portions  of  the  river,  and  adjacent  to  the  head 
waters  the  land  is  well  timbered  with  fir,  cedar,  spruce,  and  hemlock,  but 
the  prevailing  conditions  prevent  obtaining  timber  in  sufficient  quan- 
tities to  encourage  lumber  industry  on  the  bay.  The  only  industry  near 
the  mouth  of  the  river  is  that  of  Kern  Brothers's  salmon  cannery,  which 
is  located  about  2  miles  above  the  bay.  This  cannery  has  a  capacity 
of  300  cases  per  ten  hours,  and  its  output  for  the  season  of  1896  was 
6,000  cases. 

Any  plan  of  improvement  for  widening  the  entrance  to  the  bay  or 
deepening  the  channel  across  the  bar  will  of  necessity  involve  the  con- 
struction of  at  least  one,  and  possibly  two,  high-tide  jetties  extending 
seaward  one-fourth  of  a  mile  or  more,  and  before  any  such  project  can 
be  formulated  further  examination,  together  with  a  complete  survey  of 
the  bay  and  bar,  would  be  necessaiy.  The  cost  of  any  such  work  would 
necessarily  be  great,  and  in  view  of  the  limited  and  uncertain  benefits 
to  be  obtained  as  indicated  by  existing  and  prospective  conditions  at 
this  point,  I  am  of  the  opinion  that  the  bay  and  entrance  are  unworthy 
of  improvement  by  the  General  Government  at  this  time. 

A  sketch  of  Siletz  Biver  Bay  showing  the  general  situation  is  sab- 
mitted  herewith. 

Very  respectfullyy  your  obedient  servant, 

W.  L.  PiSK, 
Captain^  Carps  of  Enginem, 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  SL  A. 

(Through  the  Division  Engineer.) 
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[Third  indoTsemeni.] 

IT.  S.  Engineer  Offiob, 

Pacific  Division, 
San  FranciscOy  Oal.y  September  17 j  1897. 
Bespectfnily  retnmed. 
I  ooncur  in  tlie  yiewB  of  the  district  officer. 

Chas.  B.  Suter, 
Colonel  of  Ungineersj  Division  Engineer. 


T  T  23, 


preliminary  examination  op  harbor  at  cape  lookout,  OREGON, 
WITH  A  VIEW  TO  THE  CONSTRUCTION  OF  A  HARBOR  OP  REFUGE, 
AND  THE  ESTIMATED  COST  THEREOF. 

[Printed  in  Houm  Doo.  Ko.  197,  Flfty-IUtli  Congress,  second  session.] 

Office  of  the  Chief  of  Engineers, 

United  States  Armt, 
Washington^  January  4^  1898. 

Sir:  The  river  and  harbor  act  of  June  3. 1896.  makes  provision  for  a 
preliminary  examination  of  ^^  harbor  at  Cfape  Iiookont,  Oregon,  with 
a  view  to  the  constmction  of  a  harbor  of  refuge,  and  the  estimated  cost 
thereof,"  and  I  have  now  the  honor  to  sabmit  the  accompanying  report 
of  December  17, 1897,  with  map,*  by  Oapt.  W.  L.  Fisk,  Corps  of  Engi- 
neers, of  the  results  of  the  examination  thus  provided  for. 

Captain  Fisk  is  of  opinion  that  the  proposed  harbor  of  refhge,  if  con- 
structed, should  be  located  on  the  north  side  of  the  cape,  and  on  the 
accompanying  map  is  shown  a  line  of  breakwater  6,600  feet  in  length, 
the  seaward  end  of  which  is  located  due  north  of  the  end  of  the  cape 
and  the  shore  end  about  one  fourth  of  a  mile  east  of  the  end  of  the  cape. 
The  approximate  estimate  of  the  cost  of  the  breakwater  is  $10,725,000. 

In  view  of  the  unsuitable  relative  position  of  Cape  Lookout  for  a  bar 
bor  of  refhge,  the  poor  holding  ground  for  anchorage  afforded  by  the 
hard  bottom,  and  the  enormous  cost  of  construction,  Captain  Fisk  is  of 
opinion  that  the  project  is  not  worthy  of  consideration  oy  the  Oeneral 
Oovernment.  This  opinion  is  concurred  in  by  Col.  Charles  B.  Suter, 
Corps  of  Engineers,  Division  Engineer,  and  by  me. 
Yery  respectfully,  your  obedient  servant, 

John  M."  Wilson, 
Brig.  Oen.^  Chief  of  Engineers^ 

U.  S.  Army. 
Hon.  B.  A.  Algeb, 

Secretary  of  War. 


bbpobt  of  oapt.  w.  l.  fisk,  oobps  of  engineers. 

United  States  Engineer  Office, 

Portlandj  Oreg.^  December  17j  1897. 

Genebal:  I  have  the  honor  to  submit  herewith  a  report  on  prelimi- 
nary examination  of  ^^ harbor  at  Cape  Lookout,  Oregon,''  made  <' with  a 

\ . 

*  Not  repriutecU    Printed  in  Honse  Doo.  No.  197,  Fifly-fifth  Congresn,  seoond  sossion. 
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view  to  the  oonBtniction  of  a  harbor  of  refage,  and  estimated  oost 
thereof,"  in  accordance  with  river  and  harbor  act  of  Jnne  3, 1896,-aDd 
Chief  of  Engineers'  letter  dated  June  16, 1896. 

Gape  Lookout  is  one  of  the  principal  promontories  of  the  Oregon 
coast,  and  is  situated  in  latitude  45^  20%  lougitnde  124^,  220  miles  south 
of  the  Strait  of  Juan  de  Fuca,  60  miles  south  of  the  mouth  of  Oolumbia 
River,  aud  550  miles  north  of  San  Francisco  Bay. 

The  cape  projects  westward  into  the  Pacific  Ocean  a  distance  of 
nearly  2  miles,  and  is  about  one  fourth  mile  in  width  at  its  outer  end 
and  about  1  mile  in  width  at  the  mainland. 

The  southerly  side  of  the  cape  tends  nearly  due  east  and  west,  and 
presents  an  almost  perpendicular  rock  bluff  face  throughout.  For 
about  one-half  mile  westward  firom  the  mainland  a  rocky  beach  extends 
along  the  base  of  this  bluff,  covered  with  masses  of  broken  rook  which 
have  fallen  from  the  cliffs  above,  and  beyond  this  to  the  point  of  the 
cape  the  vertical  bluffs  extend  to  the  water  line. 

The  northerly  face  of  the  cape  firom  the  shore  end  bears  about  south 
66^  west,  and  is  also  generally  vertical  for  some  distance  above  the 
water  line,  though  it  presents  a  much  less  rugged  appearance  than  that 
of  the  sontherly  side.  This  face  of  the  cape  between  the  rock  bluffs  is 
varied  here  and  there  by  steep  gr<as8y  and  timbered  slopes,  and  also  a 
number  of  narrow  gulches  which  head  almost  at  the  southerly  fiuse  of 
the  cape  and  finally  terminate  at  the  shore  line  in  small  bays.  A  wide 
sand  beech  extends  westward  for  over  one-half  mile  along  the  base  of 
thebluiL 

The  cape  is  covered  with  a  heavy  growth  of  spruce,  hemlock,  and 
dense  underbrush,  and  its  height  above  the  sea  varies  from  about  400 
feet  at  its  extreme  outer  end  to  1^000  feet  or  more  at  the  mainland. 
The  rock  on  both  sides  of  the  cape  is  basaltic  in  character,  and  appar- 
ently badly  shattered  throughout  and  unsuitable  for  constmction  pnr- 
poses,  except  as  small  rubble. 

Suitable  anchorage  depths  are  found  to  the  north  or  south  of  the 
cape,  and  upon  the  accompanying  tracing  are  shown,  in  feet,  the  depths 
as  determined  by  the  most  recent  survey  of  the  Coast  and  Gtoodetie 
Survey. 

The  bottom,  however,  in  the  vicinity  of  the  cape  is  indicated  as  hard 
and  rocky,  and  would  be  very  poor  holding  ground  for  an  anchorage. 

A  very  noticeable  feature  in  the  vicinity  of  the  cape  is  the  entire 
absence  of  drift  along  the  beach  to  the  north  and  the  quantities  in  eTi- 
dence  on  the  south  beach,  which  indication  makes  evident  tiie  protec- 
tion  afforded  the  north  beach  firom  southerly  winds. 

The  prevailing  coast  winds  during  the  spring  and  summer  monthfl 
are,  as  a  rule,  firom  the  north  and  northwest,  while  for  six  months  or 
more  during  the  fall  and  winter  they  blow  almost  continuously  from 
the  south  and  southwest,  and  it  is  the  gales  firom  the  latter  direction 
which  are  most  dreaded  by  mariners  and  prove  most  destructive  to 
coastwise  shipping. 

With  this  fact  in  view,  it  has  been  thought  advisable  to  locate  the 
proposed  harbor  of  refiige  on  the  north  side  of  the  cape,  and  upon  the 
accompanying  tracing  is  shown,  for  purpose  of  estimate,  a  line  for  break- 
water 6,6()0  feet  in  length,  the  seaward  end  of  which  is  located  dae 
north  of  the  end  of  the  cape  and  the  shore  end  about  one-lburth  mile  esst 
of  same.  This  location  gives  a  width  of  entrance  of  over  a  mile  outside 
the  25-foot  curve,  and  provides  an  anchorage  of  500  acres  or  more  with 
depths  exceeding  25  feet. 

The  depth  of  water  on  the  line  of  breakwater  shown  is  firom  45  feet 
at  the  cape  to  75  feet  at  its  outer  end.    The  type  of  breakwater  apoi 
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which  the  estimate  below  is  based  is  that  of  a  rabble  monnd,  40  feet  in 
width  on  top,  20  feet  above  low  water,  with  a  seaward  slope  of  1  on  3 
to  a  point  25  feet  below  low  water,  from  thence  to  the  bottom  a  natnriJ 
slope  of  4  on  5  and  a  slope  on  the  harbor  side  of  1  on  1. 

The  monnd  to  be  boilt  largely  of  qnarry  rabble  obtainable  from  the 
adjoining  cliffs  and  capped  with  concrete  blocks  ranging  in  size  from 
10  to  25  tons  and  over,  a  cross  section  of  which  is  shown  apon  tlie 
accompanying  tracing. 

The  foUowiug  is  an  approximate  estimate  of  the  cost  of  the  break- 
water as  above  ontlined: 

2,500,000  oubie  yards  smaU  nibble,  at  $1 $2,600,000 

500,000  cabio  yards  large  nibble,  at  $4 2,000,000 

525,000  cnbio  yards  concrete  blocks,  at  $10 5,250,000 

Engineering  and  contingencies,  10  per  cent 975,000 

Total 10,725,000 

After  a  carefnl  examination  of  the  available  data  in  connection  with 
this  examination,  the  following  objections  to  the  constrnction  of  a  har- 
bor of  refuge  at  this  point  present  themselves:  First,  the  nnsnitable 
relative  position  of  Cape  Lookont  for  such  a  pari>ose;  second,  the  poor 
holding  ground  for  anchorage  afforded  by  the  hard  bottom  surrounding 
the  cape;  and,  lastly,  the  enormous  cost  of  construction  made  necessary 
by  the  great  depth  of  water  and  length  of  breakwater  required  for 
proper  protection. 

In  view  of  these  facts,  I  am  of  the  opinion  that  the  project  for  con- 
stmcting  a  harbor  of  refuge  at  Gape  Lookout  is  unworthy  of  considera- 
tion by  the  General  Government. 

Very  respectfully,  your  obedient  servant, 

W.  L,  Fisb:, 
Oojptain^  Carps  of  Engineers. 
Brig.  Oen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  B.  A. 

(Through  the  Division  Bngineer.) 

[Tint  indonement.] 

U.  S.  ENaiNEEB  Opficb,  Paoipio  Division, 

San  FranciscOj  Cal.y  December  2J2,  1897. 

Bespectfully  forwarded  to  the  Chief  of  Engineers,  United  States 
Army. 
I  conoor  in  the  views  of  the  district  offtcer. 

Ghas.  B.  Suteb, 
Colonel  of  Engineers^  Divieion  Engineer. 


TTa4. 

SURYET  OF  PORT  ORFORD  HARBOR,  OREGON. 
[Pilnttd  in  Home  Doo.  Ko.  S47,  Plfty-flfUi  Congresa,  Moond  iflMloii.] 

Oppiob  op  the  Ghiep  op  Enoineers, 

United  States  Armt, 
Washington^  B.  (7.,  January  20^  1898. 

Bib  :  I  have  the  honor  to  submit  the  accompanying  copy  of  report  of 
January  7, 1898,  with  map,*  by  Gapt.  W.  L.  Fisk,  Gorps  of  Engineers, 

*Kot  xeprinted.    Printed  in  Honae  Doo.No. 347,  Fil|y-flflh  CongreM^ MOond  MSiion. 


1        j 


1  ' 


,  J 


.  I 


I! 


I . 


8004     BEPOBT  OF  THE   CHIEF   OF   ENGINEERS,  U.  8.  ARHT. 

of  the  results  of  a  snrvey  of  Port  Orford  Harbor,  Oregon,  with  estimate 
of  cost  of  improvement  and  importance  to  shipping  and  commerce, 
made  to  comply  with  requirements  of  the  river  and  harbor  act  of  June 
3, 1896. 

The  harbor  has  been  reported  upon  heretofore  with  reference  to  its  use 
as  a  harbor  of  refuge,  and  it  is  assumed  the  present  report  is  intended 
to  deal  solely  with  the  commercial  side  of  the  question. 

Quoting  from  a  previous  report  of  January  30, 1895,  by  Oapt.  T.  W. 
Symons,  Corps  of  Engineers,  Captain  Fisk  gives  a  statement  of  the 
commerce  of  Port  Orford  in  detail,  and  states  that  while  there  may  be 
a  little  more  commerce  now  than  at  the  time  covered  by  those  statis- 
tics, it  will  be  seen  that  it  is  at  present  utterly  insignificant  when  con- 
sidered in  connection  with  the  very  large  sum  .required  to  adequately 
protect  the  harbor  from  storms,  estimate  by  a  Board  of  Engineers,  in 
report  of  November  19, 1890,  to  be  $7,821,960  (printed  in  Annual  Report, 
Ghief  of  Engineers,  1891,  p.  3310). 

It  is  the  opinion  of  Captain  Fisk,  concurred  in  by  the  division  engi- 
neer, Gol.  Charles  B.  Suter,  Corps  of  Engineers,  that,  for  reasons  stat^ 
Port  Orford  Harbor  is  not  worthy  of  improvement  by  the  United  States. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  JEngineen, 

U.  &  Armg. 

Hon.  B.  A.  Algeb, 

Secretary  of  War. 


BXPOBT  OF  OAPT.  W.  L.  FISK,  OOBPS  OF  ENaillBEBS. 

United  States  Enghveeb  Office, 

Partlandj  Oreg.j  January  7, 18^. 

Genebal  :  I  have  the  honor  to  submit  the  following  report  of  survey 
of  Port  Orford  Harbor,  Oregon,  in  compliance  with  river  and  harbor 
act  of  June  3, 1896,  and  the  Chief  of  Engineers'  letter  dated  September 
5,1896: 

The  act  calls  for  survey  of  <<  Port  Orford  Harbor,  Oregon,  with  esti- 
mate of  cost  of  improvement  and  importance  to  shipping  and  commerce.' 

This  harbor  has  been  reported  upon  so  many  times  with  reference  to 
its  use  as  a  harbor  of  refuge  that  it  is  assumed  the  present  report  is 
intended  to  deal  solely  with  the  commercial  side  of  the  question. 

So  many  diflerent  surveys  have  also  been  made  that  all  necessary 
data  were  available,  and  it  was  only  deemed  necessary  to  visit  Port 
Orford  to  see  how  its  present  prospects  compared  with  those  existing 
at  the  time  of  the  last  report  thereon,  viz,  that  of  January  30, 1895,  by 
Maj.  Thomas  W.  Symons,  Corps  of  Engineers.  The  map  herewith  has 
been  compiled  from  previous  surveys  and  is  believed  to  be  sufficiently 
accurate. 

Port  Orford  Harbor  is  an  open  roadstead  on  the  Oregon  ooast,  aboot 
niidway  between  San  Francisco  and  the  Straits  of  Juan  de  Fuca.  It 
is  simply  an  abrupt  indentation  of  the  coast,  the  projecting  headland 
giving  excellent  protection  from  northerly  and  northwesterly  winds,  but 
leaving  it  entirely  open  to  the  south  and  southwest)  the  directions  from 
which  come  all  the  severe  storms. 
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In  order  to  be  of  any  real  valae  to  commerce  the  harbor  should  be 
accessible  at  all  times,  and  snfficiently  protected  to  allow  shipping  to 
load  or  unload  at  the  wharves  without  delay  on  account  of  weather. 

The  Board  of  Engineers  of  1890,  which  reported  upon  this  place  as 
a  harbor  of  refuge,  makes  the  following  statement  (Annual  Beport, 
Chief  of  Engineers,  1891,  p.  3309) : 

The  area  protected  by  the  designed  breakwater,  234  to  316  acres  oateide  the  3-fathom 
carve,  ie  the  very  least  which  the  Board  can  recommend.  If,  instead  of  beinj;  con- 
sidered a  harbor  of  refuge,  it  be  eonsidered  a  harbor  of  commerce,  the  area  is  still 
the  minimum  which  can  be  recommended. 

To  obtain  this  protection  the  Board  estimated  would  cost  $7,821,960. 

As  the  United  States  has  never,  to  my  knowledge,  undertaken  to 
build  and  maintain  wharves  for  purely  commercicd  purposes,  it  is 
assumed  there  is  no  intention  of  doing  so  at  this  place,  and  no  estimate 
for  that  purpose  is  included  here. 

As  to  the  importance  of  the  commerce  of  Port  Orford,  it  can  be 
judged  by  the  following  extract  from  M^jor  Symons's  report  of  January 
30, 1895,  above  referred  to.    Speaking  of  Port  Orford,  he  says: 

It  is  located  in  Curry  County,  Oreg.  This  county  had  a  population  in  1890  of  1.500. 
It  is  increased,  probably,  to  from  2.000  to  2.500.  There  are  about  2,000  square  miles 
in  the  county,  the  assessed  valuation  of  wnich  last  year,  for  purposes  or  taxation, 
was  $772,423.    At  the  last  election  there  were  cast  527  votes. 

The  village  of  Port  Orford  is  located  on  the  bluff,  overlooking  the  open  water  to 
the  south,  and  has  a  population  of  perhaps  200  souls.  The  existing  buildings  of  the 
village  are  shown  on  the  map  herewith. 

There  is  a  daily  stage  along  the  coast,  connecting  Port  Orford  with  the  world. 
There  is  a  regular  steamer  line  that  touches  here,  and  other  steamers  come  at  irregu- 
lar intervals. 

Imdu§trie$  of  Pari  Orford, — The  foUowing  list  shows  commercial  industries  of  the 
place: 

1  daily  stage  line,  with  post  and  express  offiotb 

2  hotels. 

1  general  merchandise  store. 
1  feed  stable. 

1  drug  and  commission  store. 
1  newspaper. 
1  carpenter  shop. 
1  blacksmith  and  wagon  shop. 
1  boot  and  shoe  shop. 
1  church. 
1  school. 
1  saloon. 

1  small  sawmill  with  a  capacity  of  10,000  feet  B.  M.  per  day. 
In  the  vicinity  of  Port  Orford  there  is  a  large  body  of  line  timber  land.    This  com- 
prises over  100  square  miles,  covered  with  fir  and  cedar,  embracing,  it  is  said,  the 
largest  body  of  white  or  Port  Orford  cedar  on  the  Pacific  coast. 

Black-sand  mining  is  carried  on  along  the  coast  in  the  vicinity  of  Port  Orford,  and 
there  are  some  <)uartz  and  placer  mines  on  Sixes  River  to  the  north  and  east. 

One  of  the  principal  industries  of  the  country  is  cattle  raising  and  dairy  farming; 
there  is  said  to  be  about  120  tons  of  butter  annuaUy  produced  in  the  vicinity  of  Port 
Orford. 

The  viUage  of  Denmark,  12  miles  north  of  Port  Orford,  oonsists  of  a  hotel,  a  black- 
smith shop,  and  a  cooper  shop. 

The  village  of  Dairy  ville,  15  miles  north,  has  a  general  merohandise  store,  a  har- 
ness shop,  two  hotels,  one  stable,  a  sawmill,  a  oooper  shop,  a  blacksmith  shop,  and 
three  creameries. 

To  the  south  of  Port  Orford,  the  village  of  Mussel  Creek  consists  of  one  hotel,  and 
the  viUage  of  Euchre  Creek  has  a  generS  merchandise  store,  a  hotel  and  feed  stable, 
ft  sawmill,  and  a  wharf  and  tan-bark  depot. 
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ooMmBOEAL  mcATumos, 

Impoiti  (gdneial  merohandise) :  Tbm. 

^891 MO 

1882 «0 

1898 MO 

1894 517 

Exports  (1884) :  Vala^ 

Butter,  82  toii0,  at  $440 $98,080 

Wool,  87  tone,  at  $160 10,730 

Merchandia6y70toii8,at$50 3,500 

Baoon  and  lard,  6  tons,  at  $240 1,440 

Eggs,  27  tons 680 

Hides,  49  tons,  at  $40 1,980 

Chittim  bark,  3  tons,  at  $100 900 

Maohinery,  106  tons,  at  $10 1,060 

Cadar  lumber, 300  M,  at  $30 9,000 

Total 64,790 

During  1894  there  were  46  arrivals  and  departures  at  Port  Orford  of  steamers.  The 
statitics  at  my  disposal  do  not  show  that  the  port  has  been  visited  by  any  sailing 
yessels  for  a  number  of  years. 

There  are  now  two  small  sawmillB  instead  of  one,  but  neither  wai 
mnning  at  the  time  of  my  visit  in  Aagnst,  1897. 

I  have  been  nnable  to  get  later  fignres,  bnt  while  there  may  be  a  little 
more  eommerce  now  than  at  the  time  covered  by  the  above  statistiGS^it 
win  be  seen  that  it  is  ntterly  insignificant  when  considered  in  oonnee- 
tion  with  the  very  large  snm  required  to  adequately  protect  the  harbw 
from  storms. 

The  importance  to  shipping  and  commerce  of  ajtiarbor  of  refage  at 
Port  Orford  has  been  so  exhanstively  considered  in  the  various  reports 
upon  that  subject  that  there  seems  nothing  further  to  say. 

The  present  wharf  accommodation  is  more  than  ample  for  all  the 
commerce  now  existing  or  likely  to  exist  for  many  years  to  comeb 
Owing  to  the  extreme  exposure  of  the  site,  I  do  not  think  the  estimate 
of  $7,821,960^  submitted  by  the  Board  of  1890  for  the  protection  of  the 
harbor,  can  safely  be  reduced  to  any  appreciable  extent. 

Owing  to  the  very  small  value  of  the  commerce,  present  and  prospec- 
tive, as  compared  with  the  enormous  cost  of  adequately  protectiDg  the 
harbor,  I  am  of  the  opinion  that  Port  Orford  Harbor  is  not  worthy  of 
imjurovement  by  the  United  States. 

Very  respectfully,  your  obedient  servant, 

W.  L.  FiSK, 
Oaptain^  0arp9  o/Engineen. 

Brig.  Oen.  John  H.  Wilson, 

Chief  of  Engineersj  U.  S.  A* 
(Through  the  Division  finginoer.) 

[Fint  Indorsam—H 

IT.  B.  Bngineeb  Offiob,  Paoifio  Dinsioir, 

San  FraneiscOf  OaLj  January  lOj  1898. 
Bespectftillyforwarded  to  theOhief  of  Engineers,  United  States  Army. 
I  concur  in  the  views  expressed  by  the  district  ofKoer. 

Ghas.  B.  Sutsb, 
Colonel  of  Sngineore,  Divinon  EngiMe&r. 
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TTas. 

SUBVET  OF  TILIiAMOOK  BAT,  BAB  AND  ENTBANCE,  OBEGON. 

[Fdnted  Ib  Hoom  Doc  Ko.  817,  Flfty-flflh  Cmgnu,  leeoDd  MMfam.] 

Office  of  the  Ohief  of  Bnoinbebs, 

United  States  Abmt, 
Washington^  January  lOj  1898. 

Sib:  Ihaye  the  honor  to  Bubmit  the  accompanying  report  of  Decem- 
ber 21, 1897,  with  map*,  by  Gapt  W.  L.  Fisk,  Corps  of  Engineers,  of 
the  results  of  a  survey  made  of  Tillamook  Bay,  bar  and  entrance, 
Oregon,  to  comply  with  provisions  of  the  river  and  harbor  act  of 
June  3, 1896. 

Oaptain  Fisk  states  that — 

It  is  belleTed  that  the  deTelopment  of  TiUamook  Bay  eommeroe  is  hi  no  way 
hindered  by  the  present  condition  of  the  bar  and  entrance^  in  that  any  yeeael  that 
can  nayigate  the  bay  wUl  find  no  diffionlty  in  crossing  the  bar.  The  bay  is  beinff 
improreato  as  great  an  extent  as  natural  circumstances  will  permit,  and  it  is  belieyed 
that  the  present  efforts  of  the  Gkiyemment  shonld  be  confined  to  this  improvement, 
mm  outlined  in  the  approved  project. 

The  views  of  the  local  officer  are  concurred  in  by  the  division  engineer, 
OoL  Oha«.  B.  Suter,  Corps  of  Engineers. 

The  estimate  of  cost  submitted  by  Oaptain  Fisk  for  improvement  of 
the  bar  and  entrance  is  $1,200,000. 

Very  respectfully,  your  obedient  servant, 

John  M.  WtLSON^ 
Brig.  Oen.^  Ohi^  of  Bng%neer%^ 

U.  S.  Army. 
HoJL  B.  A.  ALaBB, 

Secretary  of  War. 


SBPOBT  OF  OAPT.  W.  L.  FISK,  OOBP8  OF  BNOIITEBBB. 

UinTBi)  Statbs  Enginbbb  Offiob, 

Portland^  Oreg.^  December  21j  1897. 

Obbbbal:  I  have  the  honor  to  submit  herewith  a  report  on  the  sur- 
vey of  ^<  Tillamook  Bay,  bar  and  entrance,  Oregon,"  made  in  accordance 
with  river  and  harbor  act  of  June  3, 1896,  and  Ohief  of  Engineers'  let- 
ter, dated  September  5, 1896. 

Tillamook  Bay  is  situated  on  the  west  ooastof  Oregon,  about  47  miles 
south  of  the  mouth  of  the  Oolumbia  Biver,  and  is  one  of  the  best  of  the 
lesser  harbors  of  the  State. 

The  general  description  of  Tillamook  Bay,  bar  and  entrance  has  been 
fiiUy  set  forth  in  reports  already  published  on  this  subject,  and  in  this 
connection  attention  is  respectfally  invited  to  the  Beport  of  the  Ohief 
of  Engineers  for  1892,  pages  2742-2752. 

Upon  the  accompanying  tracing  are  shown  the  results  of  a  survey 
made  during  September  of  the  present  year  by  J.  O.  Holcombe,  assistant 
engineer,  very  stormy  weather  prevailed  during  the  time  of  survey, 
thus  makin|^  the  development  of  the  bar  difficult  in  the  extreme,  ana 
while  the  minimum  channel  depth  obtained  on  the  crest  was  13  feet,  it 
is  believed,  had  greater  development  been  possible,  tiiat  a  foot  or  two 

•Ha*  TCpiinted.    FEiBtedinHoiiMDoo.Ne.  817,Fll|7-flftliCoiigiws,teosnd 
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1688  depth  would  have  been  found.  It  is  thought  safe  to  assume  ihe 
minimum  low- water  depth  on  the  crest  to  range  from  10  to  12  feet,  or  16 
to  18  feet  at  mean  high  water. 

The  crest  of  the  bar  at  time  of  survey  lay  about  If  miles  due  weal 
firom  the  harbor  throat,  and  the  connecting  channel  was  generally  direet 
and  of  ample  width  and  depth. 

It  is  said  that  the  influence  of  the  fall  and  winter  gales  firom  tJie 
southwest  shifts  the  position  of  the  channel  on  the  bar  about  onefoarUi 
mile  northward  of  that  shown  upon  the  accompanying  map,  and  that 
the  northwesterly  summer  winds  move  it  a  corresponding  distance  to 
the  southward,  making  the  extreme  range  of  channel  on  the  crest  aboat 
one-half  mile. 

The  bardropsoff  very  abruptly  to  the  west  of  the  crest  and  the  distance 
across  it  between  3  fathom  curves  is  about  3,000  feet,  two-thirds  of  the 
distance  being  on  the  inside  of  the  crest. 

The  harbor  throat  proper  between  the  base  of  ^* Green  Hill"  and 
Kinoheloe  Point  is  1,250  feet  wide  at  mean  high-water  line,  while 
between  3fathom  curves  it  is  750  feet  wide  and  has  an  average  low- 
water  depth  of  40  feet  and  maximum  depth  of  60  feet.  The  bay  inside 
the  entrance  soon  shoals  and  a  depth  of  only  8  feet  is  found  in  Uiemain 
channel  about  3,500  feet  from  the  harbor  throat,  and  less  than  half  this 
depth  can  be  obtained  on  some  of  the  shoals  between  this  iK>int  and 
Tillamook  City,  at  the  head  of  the  bay. 

Tillamook  Bar  has  always  been  considered  by  mariners  as  one  of  ^ 
safest  along  the  coast  on  account  of  its  generally  uniform. depth  and 
position,  and  no  wreck  is  known  to  have  ever  occurred  in  crossing  it 

The  following  statistics  of  receipts  and  shipments  at  Tillamook  Baj, 
during  the  calendar  year  ending  December  31, 1806,  are  quoted  iron 
my  last  annual  report: 

Reoeipts:  Tm^ 

General  merchandise 6^600 

Africoltaralimplementa 7tf 

Fioar  and  feed tH 

Shipments : 

Lnmber  (U,000,000  feet) H5» 

Batter tfO 

Em (H 

Salmon 4S5 

Cheese 4I« 

The  nnmber  of  vessels  arriving  at  and  clearing  from  the  bay  dorinj( 
the  year  was  114,  all  steamers.  Maximum  draft  of  loaded  vessels,  1^ 
feet. 

It  is  believed  that  the  development  of  Tillamook  Bay  oommeroe  ii 
in  no  way  hindered  by  the  present  condition  of  the  bar  and  entrance,  io 
that  any  vessel  that  can  navigate  the  bay  will  find  no  difiDculty  in  cross- 
ing the  bar.  The  bay  is  being  improved  to  as  great  an  extent  as  natani 
circumstances  will  permit,  and  it  is  believed  that  the  present  effbrfsof 
the  Oovemment  should  be  confined  to  this  improvement,  as  outliued  io 
the  approved  project. 

•  •  •  •  •  •  • 

Yery  respectfully,  your  obedient  servant, 

W.  L.  FiBK, 
Oapiaif^  Oorpi  ofSngin^eri* 
ig.  Oen.  John  M.  Wilson, 

Chief  of  Engineer%j  U.  8.  A. 

(Through  the  Division  Engineer.) 
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[FInt  IndonenMnt.] 

U.  B.  Engineer  Office,  Pacific  Diyision, 

8an  Francisco^  Oal.^  December  27^  1897. 

Bespectftally  forwarded  to  the  Ohief  of  Engineers,  United  States 
Army. 
I  concur  in  the  views  of  the  district  officer. 

Chas.  B.  Suter, 

Colonel  of  Engineer%^  Division  Engineer. 


TT  26. 

SURVEY  OP  NEHALEM  RIVER  BAY,  OREGON,  FOR  MODIFIED  PLAN. 

[Frinttd  in  Hoiue  Doo.  Ko.  286,  Fifly-illih  CongraM,  Moond  mwIob.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington^  D.  0.,  January  14j  1898. 

Snt:  I  have  the  honor  to  submit  the  accompanying  copy  of  report  of 
December  29, 1897,  with  map,*  by  Capt.  W.  L.  Fisk,  Corps  of  Engineers, 
of  the  results  of  a  survey  of  Nehalem  Biver  (Bay),  Oregon,  for  modified 
plan,  made  to  comply  with  requirement  of  the  river  and  harbor  act  of 
June  3, 1896. 

A  project  for  improvement  of  entrance  to  Nehalem  Bay,  which  pro- 
vided for  the  construction  of  two  high-tide  stone  jetties  extending  sea- 
ward a  sufficient  distance  to  secure  a  permanent  low- water  depth  of  8 
feet  on  the  bar,  was  adopted  by  the  river  and  harbor  act  approved  Sep- 
tember 19, 1890,  the  sum  of  $10,000  being  made  available  for  commence- 
ment of  jetty  construction.  No  work  was  done  toward  carrying  out 
the  project,  owing  to  lack  of  funds. 

The  modified  plan  asked  for  is  construed  by  local  residents  to  mean 
the  construction  of  a  single  jetty,  which  they  believe  if  placed  on  the 
south  side  will  confine  the  channel  to  a  fixed  position,  and  a  plan  for 
such  a  jetty  has  been  carefully  considered  by  Captain  Fisk,  but  for  rea- 
sons stated  it  is  thought  hardly  probable  that  a  single  jetty  would  bring 
about  the  results  desired. 

A  project  is  therefore  presented  which  contemplates  the  construction 
of  two  jetties  at  the  north  location,  estimated  to  cost,  including  tram- 
ways, plant,  and  contingencies,  $610,500. 

The  cost  of  a  single  south  jetty  is  estimated  to  be,  including  contin- 
gencies, plant,  and  tramway,  $582,000. 

Captain  Fisk  states,  however,  that  while  it  is  quite  possible  Ititure 
developments  may  render  advisable  the  improvement  of  the  entrance 
to  Nehalem  Bay,  it  is  not,  in  his  opinion,  at  present  worthy  of  improve- 
ment by  the  General  Government,  and  his  views  are  concurred  in  by 
the  division  engineer.  Col.  Charles  B.  Suter,  Corps  of  Engineers. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Gen.,  Ohief  of  Engineers^ 

U.  8.  Army. 
Hon.  B.  A.  Aloer, 

Secretary  of  War. 


•Hot  jeprinted.    Printed  in  Hoaae  Doo.  No.  236,  Fifty-filt^h  CoiiSC«M»  wWiOxA  •ftW^sm 
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report  of  oapt,  w.  l.  fisk,  corps  of  engiireers. 

United  States  Enoinesr  OfficB| 

Portland^  Oreg.^  December  29^  1897. 

Oenbral:  I  have  the  honor  to  submit  herewith  a  report  on  snrviey  oi 
^^Ifehalein  Stiver,  Oregon,"  together  with  <' modified  plan"  for  improTe- 
ment  of  same,  made  in  accordance  with  river  and  harbor  act  of  Jui6 
3, 1896,  and  Chief  of  Engineers'  letter,  dated  September  5, 1896. 

The  entrance  of  Nehalem  Kiver,  or  more  properly  Nehalem  Bay,  has, 
since  1876,  been  the  subject  of  six  rejports,  three  of  which  have  included 
the  results  of  instrumental  surveys;  consequently,  the  general  and  his- 
torical descriptions  having  been  fully  set  forth  (see  Report  of  Chief  of 
Engineers,  1876,  pp.  639-641;  1885,  2409-2413;  1887,  2496-2498;  1890, 
2992-2999  j  1891,  3205^210,  and  1892,  2703-2709),  they  are  not  again 
gone  into  in  this  report. 

As  stated  in  the  last  report  on  this  subject  (Chief  of  Engineers'  Annual 
Report,  1892,  pp.  2703-2709),  Nehalem  Bay  at  high  water  is  about  2 
miles  long  by  l|  miles  wide  at  widest  part,  and  is  connected  with  the 
ocean  by  a  narrow  channel,  extending  in  a  southerly  direction  about  3 
miles  This  channel  varies  in  width  from  about  1,000  to  2,000  feet  at 
high  tide.  A  low,  sandy  peninsula,  2^  miles  long  and  one  fourth  mile 
wide,  lies  to  the  west  of  this  channel  and  separates  it  from  the  ocean. 
The  southern  end  of  this  peninsula  forms  the  northern  shore  of  the 
entrance,  and  the  distance  between  this  and  the  main  shore  on  a  north- 
and-south  line  is  about  1  mile.  The  entrance  channel  shifts  Avithin  tiie 
limit  of  this  mile,  occupying  sometimes  a  southerly  position  and  some- 
times a  northerly  one,  and  at  times  there  are  two  channels,  separated 
by  a  sand  flat,  bare  at  low  tide. 

The  survey  of  1889  shows  the  channel  in  its  northerly  position,  that 
of  1891  in  its  most  southerly  position,  and  at  the  time  of  the  last  survej 
it  was  found  in  an  intermediate  position. 

The  conclusion  reached  in  all  previous  examinations  has  been  that 
there  is  no  regular  cycle  of  change  in  these  channels,  but  that  any  heavy 
storm  is  liable  to  shift  the  entrance  channel  to  any  point  from  its  nortli- 
erly  to  its  southerly  position.  However,  the  observations  since  1891  of 
those  living  near  the  entrance  would  seem  to  indicate  that  this  is  do! 
the  case. 

^  The  channel  is  said  to  be  at  its  best  when  in  its  most  northerly  posi* 
tion,  at  which  time  its  course  is  nearly  due  west,  or  straight  out  to  8e«t 
and  a  depth  of  about  8  feet  is  then  found  on  the  crest  of  the  bar.  This 
position  gradually  shifts  to  the  southward,  caused  by  the  north  sand 
spit  growing  to  the  south  under  action  of  northwest  winds,  and  tbe 
channel  to  the  east  of  tbe  bar  then  assumes  tbe  shape  of  a  U,  but  tbe 
position  of  the  crest  and  channel  beyond  remain  about  as  before  until 
the  inner  channel  has  shifted  over  a  half  mile  southward;  then  tbe 
channel  on  the  bar  changes  and  the  general  course  to  the  sea  is  aboai 
southwest. 

The  inner  channel  continues  to  shift  southward  until  it  is  forced 
against  the  bluff,  its  southern  limit,  and  in  this  position  it  is  said  to 
have  least  depth  and  be  most  difficult  to  navigate,  in  that  vessels  when 
entering  are  placed  broadside  to  the  sea.  The  above  movement  of  the 
north  spit  is  attributed  to  the  northwesterly  winds  which  prevaO  dar- 
ing the  summer  and  fall  months,  but  when  the  winter  storms  from  tbe 
southwest  begin,  the  channel  in  its  southerly  position  is  filled  witi 
sand,  and  in  a  few  days  it  breaks  through  the  sand  spit  at  its  most 
^prtherly  position  an4  the  movement  sou&ward  is  again  resumed. 
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On  March  9  of  Mie  present  year  the  channel  over  the  bar  was  in  its 
most  southerly  position,  and  on  this  date  the  tag  Occident  passed 
out  and  found  a  straight  and  well-defined  channel  of  ample  depth.  In 
attempting  to  return  on  this  same  course  three  days  later,  she  struck, 
went  to  pieces^  and  was  a  total  loss,  the  channel  in  the  meantime  hav- 
ing shifted  to  its  northerly  position. 

Accompanying  this  reiK>rt  is  a  tracing  upon  which  is  shown  the 
results  of  a  recent  survey  made  during  August  of  the  present  year  by 
J.  O.  Holcombe,  Assistant  Engineer.  The  channel  at  this  time  was  in 
its  intermediate  x>osition,  and  a  minimum  depth  of  8  feet  was  found  on 
the  bar.  Stormy  weather  prevailed  throughout  the  entire  time  of  sur- 
vey, and  but  few  lines  could  be  run  with  safety  over  the  crest  of  the 
bar;  however,  it  is  believed  to  have  been  sufficiently  developed  for 
the  purpose  intended. 

The  plan  of  improvement  outlined  in  the  project  as  submitted  in  the 
Annual  Beport  for  1892  includes  the  construction  of  two  high-tide  stone 
jetties  extending  seaward  on  nearly  parallel  lines  to  such  a  distance  as 
will  secure  a  permanent  low- water  depth  of  at  least  8  feet  on  the  bar, 
the  exact  location  and  length  to  be  determined  at  the  time  of  con- 
struction. 

The  <^  modified  plan"  asked  for  in  the  last  act  is  construed  by  the 
residents  of  Nehalem  to  mean  the  construction  of  a  single  jetty  which, 
they  believe,  if  placed  on  the  south  side,  m  ill  confine  the  channel  to 
one  iH>8ition,  it  being  their  desire  to  secure  a  fixed  channel  rather  than 
an  increase  of  depth  upon  the  bar. 

The  plan  of  a  single  jetty  has  been  carefully  considered,  but  it  is 
thought  hardly  probable  that  such  would  bring  about  the  results 
desired,  in  that  two  distinct  elements — the  continuous  sand  movement 
from  the  north  spit  and  the  direction  of  the  inner  channel  of  the  river — 
unite  in  forcing  the  entrance  to  the  southward,  and  each  of  these  must 
be  controlled. 

In  my  opinion  the  objection  to  a  south  jetty  alone  is  the  probability 
of  diminishing  the  depth  on  the  bar  by  reducing  the  scouring  force  of 
the  current  at  that  point  by  forcing  it  to  continually  carry  out  the  sands 
crowded  in  from  the  north  spit.  It  seems  to  me  the  most  important  iH>in  t 
in  this  problem  is  to  remove  the  cause  of  this  shifting  by  arresting  the 
movement  of  the  north  sands  by  a  jetty  on  the  north  side  of  the  desired 
IK>sition  of  the  channel;  this  being  constructed,  it  might  and  probably 
would  also  be  necessary  to  construct  enough  south  jetty  to  guide  the 
channel  to  the  new  position.  An  objection  to  this  plan  is  that  the  pro- 
jection of  the  north  jetty  beyond  the  end  of  the  south  jetty  would  have 
ft  tendency  to  guide  southwest  storm  waves  into  the  harbor,  but  a«  the 
nearest  wharf  is  about  4  miles  from  the  bar,  it  is  probable  little  trouble 
would  be  caused.  It  might  prove  necessary  to  extend  the  south  jetty  as 
far  westward  as  the  north  jetty,  but  this  would  be  decided  by  results 
after  completion  of  the  work  suggested  above. 

Upon  the  accompanying  tracing  two  lines  of  jetty  are  shown,  the 
I>08ition  being  practically  the  same  as  that  outlined  for  '<  north  loca- 
tion "  in  the  project  of  1892,  and  the  estimates  herewith  are  based  upon 
Buch  position. 

In  making  the  following  estimates  the  jetties  are  planned  to  be  rub- 
ble mounds  upon  a  brush -mattress  foundation,  the  mounds  to  be  car- 
ried to  a  height  of  10  feet  above  low  water,  with  a  top  width  of  10 
feet,  and  with  side  slopes  ranging  from  1  on  3  from  top  to  low  water, 
and  then  4  on  5  to  the  bottom  at  extreme  seaward  end,  to  1  on  1^  and 
1  on  1  at  land  end,  according  to  position,  exposure,  and  depth  of  water. 
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[Vortli  Jetty,  •pproxfanAte  length,  8,S00  feet ;  tramway  approeoli,  approzimAte  tongth,  1,800  feet] 

3,200  linear  feet  trmm way,  doable  track,  at  $5  per  linear  foot $16, 000 

1,300  linear  feet  tramway  approach,  at  $4  per  linear  foot 5,200 

3,200  linear  feet  ma ttrees  work,  at  $4 12,800 

125,000  cnbic  yards  enrockment,  at  $1.50  per  cnbio  yard 187,500 

Total 221,600 

[Short  aooth  Jetty,  approxfanate  length,  8,000  feet;  approach  from  qnany,  approximate  length,  t,W 

feet.] 

3,000  linear  feet  tramway,  donble  track,  at  $5  per  linear  foot $15, 000 

3,000  linear  feet  tramway  approach,  at  $3  ]ier  linear  foot 9, 000 

3,000  linear  feet  mattress  work,  at  $5  per  linear  foot 15, 000 

170,000  cnbio  yards  enrockment,  at  $1.50  per  cnbic  yard 255, 000 

Total 294,000 

Total  north  jeUy 221,500 

Totol  south  jetty 294,000 

Plant,  buildings,  wharves,  etc 40,000 

Engineering,  contingencies,  etc 55,000 

Total  for  project 610,500 

In  the  above  estimate  it  is  assumed  that  the  sand  will  scoar  away  in 
front  of  the  south  jetty  during  construction,  and  the  mattress  is  esti- 
mated as  laid  in  an  average  depth  of  20  feet  below  low  water. 

For  the  purpose  of  comjiarison  the  following  estimate  is  submitted  on 
the  south  jetty  continued  beyond  the  crest  of  the  bar: 

BSTIMATB. 

[Single  aonth  Jetty,  approximate  length,  4,600  ilMt;  approach  from  quarry,  apprtndmale  length,  t.MI 

feet.] 

4,500  linear  feet  tramway,  donble  track,  at  $5  per  linear  foot $22, 500 

8,000  linear  feet  approach,  at  $3  per  linear  foot 9,006 

'  4,500  linear  feet  mattreas  work,  at  $5  per  linear  font 22,500 

290,000  cubic  yards  enrockment,  at  $1.50  per  cnbio  yard 435,009 

Plant,  bnildings,  wharves,  etc 40^ Odd 

Engineering,  contingencies,  etc 53,000 

Total 582,000 

The  country  tributary  to  the  Nehalem  Eiver  is  essentially  a  timber 
district,  and,  as  has  been  stated  in  previous  reports,  the  only  justifies' 
tion  for  the  improvement  of  the  bar  and  entrance  is  the  benefit  whidi 
it  would  afford  the  lumber  industry  by  furnishing  a  harbor  from  which 
this  product  might  be  shipped  to  market. 

No  official  statistics  of  the  commerce  of  Nehalem  Bay  have  beeo 
received  for  the  present  year,  and  the  only  available  data  as  to  Inmbtf 
exx>orts  were  secured  during  time  of  survey  from  Himple  &  Wheeler, 
mill  men,  for  the  months  of  August  and  September,  1897.  During  this 
period  they  shipped  15  schooner  loads  of  lumber,  each  averaging  1^,000 
feet  B.  M.,  or  a  total  of  2,400,000  feet  B.  M.,  for  sixty  days. 

The  channel  over  the  bar  at  this  time  was  about  in  the  condition 
shown  upon  the  accompanying  tracing,  the  best  known  for  several 
years,  and  such  condition  made  the  above  named  shipments  possible; 
however,  they  must  be  regarded  as  greater  than  the  general  average. 

The  following  report  of  annual  imports  and  exports  has  beeD  fat- 
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nished  by  the  citizens  of  Nehalem,  and  it  is  probable  that  the  quantities 
given  therein  are  not  anderestimated : 

The  exports  of  the  lower  16  miles  of  the  river  consist  of  15,000  oases  of  salmon, 
which,  at  $3  per  case,  wonld  equal  $45,000.  Other  valnahle  varieties  of  fish,  olams, 
etc.,  are  Availahle,  but  no  industries  so  far  have  been  established  for  preparing  them 
for  the  market :  2,500  head  of  beeves  are  annually  sold  to  the  market;  150  tons  of 
batter,  worth  $60,000;  honey,  cheese,  eggs,  hay,  potatoes,  etc.,  of  an  amonnt  we  are 
not  able  to  state. 

Five  thoosand  tons  of  merchandise  are  brought  in  annnally. 

Of  the  above  exports  and  imports  (except  salmon  industries,  which  are  exclusively 
on  the  bay)  about  one-fourth  come  over  the  bar  at  present. 

While  it  is  qaite  x>ossible  future  development  may  render  advisable 
the  improvement  of  the  entrance  to  Nehalem  Bay,  it  is  not,  in  my 
opinion,  at  present  worthy  of  improvement  by  the  General  Oovernment 
Very  respectftOly,  your  obedient  servant, 

W.  L.  FiSK, 
Oaptainj  Corps  of  Engineer%. 
Brig.  Gen.  John  M.  Wilsow, 

Chief  of  Engineers^  U.  8.  A. 

(Through  the  Division  Engineer.) 

[First  indonement.] 

U.  B.  Engineer  Office,  Paoifio  Division, 

8(m  Francisco^  CaLj  Jantuiry  3j  1898. 

BespectfuUy  forwarded  to  the  Chief  of  Engineers,  United  States 
Army. 
I  oonour  in  the  views  of  the  district  officer. 

Ohas.  B.  Suteb^ 
Colonel  of  Engineers^  Division  Engineer. 


TT27. 

SUBVEY  of  snake  RTVEB,  V7ASHINGT0N,  FBOM  ITS  MOUTH  TO  BIPABIA, 

[Printed  in  Hoiue  Doo.  Ko.  411,  Fifty-fifth  Congreu,  second  seuion.] 

Office  of  the  Chief  of  Enoineebs, 

United  States  Abmy, 
WashingUm^  D.  0.,  April  5, 1898. 

81B:  I  have  the  honor  to  submit  the  accompanying  report,  dated 
January  27, 1898  (with  map  in  four  sheets*),  by  Capt.  Harry  Taylor, 
Corps  of  Engineers,  giving  the  results  of  a  survey  of  Snake  Biver, 
Washington,  from  its  mouth  to  Biparia,  made  to  comply  with  the  pro- 
visions of  the  river  and  harbor  act  of  June  3, 1896. 

The  plan  of  improvement  presented  contemplates  the  removal  of 
rock  ledges  and  bowlders,  the  scraping  of  cobblestone  bars,  and  the 
building  of  contraction  works  wherever  necessary,  with  a  view  to  giv- 
ing a  channel  with  a  minimum  depth  of  5  feet  at  low  water.  The  cost  • 
is  estimated  at  $165,000,  and  is  based  upon  the  assumption  that  appro- 
priations will  be  sufficient  to  permit  of  a  suitable  plant  being  provided 
and  worked  at  an  efficient  rate. 

With  a  free  channel  once  obtained  there  will  still  be  considerable 
work  necessary  to  keep  it  clear  of  bowlders  which  are  ann\&AU^  Yy^^'OLigo^ 


•  Not  reprinted.  Printed  in  Honae  Dae.  No.  411,  Fifty-M^h  Coiig;t«M&«  ««ft«fi^%«««^«^ 
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down  by  ioe  and  high  water  and  lodged  on  shoals  and  rapids.  It  is 
estimated  that  the  removal  of  these  obstmctions  will  require  an  expendi- 
ture of  $3,000  every  two  years. 

In  transmitting  the  report  to  this  office  Gaptain  Taylor  expressed  the 
opinion  that  the  project  submitted  is  the  best  that  can  be  devised  at 
the  present  time,  but  that  from  past  experience  it  appears  that  this 
section  of  the  river  is  particularly  difficult  to  improve,  and  that  at 
present  there  is  practically  no  navigation  nor  local  commerce  to  be 
benefited,  and  that  no  navigation  can  be  developed  as  long  as  the 
Columbia  Biver  is  impassable  for  boats  at  The  Dalles,  and  the  other 
means  of  transportation  in  this  section  of  the  country  remain  as  at 
present. 

In  forwarding  the  report  the  division  engineer,  Gol.  Charles  B.  Suter, 
Corps  of  Engineers,  expressed  the  view  that,  in  his  opiuion,  the  low- 
water  improvement  of  a  stream  with  such  a  heavy  slope,  beyond  the 
removal  of  rocks  and  bowlders,  is  entirely  impracticable  except  by  a 
more  radical  method  than  that  of  open-channel  improvement. 
Very  respectfully,  your  obedient  servant, 

John  M.  Welson, 
Brig.  Oen.y  Chief  of  Engineers^ 

U.  S.  Army. 
Hon,  B.  A.  Alger, 

Secretary  of  War. 


report  of  oapt.  harry  taylor,  oorps  of  enginebrs. 

United  States  Engineer  Offioe, 

Seattley  Wash.j  January  27 j  1898. 

General:  I  have  the  honor  to  submit  the  following  report  of  a  sur- 
vey of  the  Snake  Biver,  from  its  mouth  to  Biparia,  Wash.,  made  in 
compliance  with  the  requirements  of  the  river  and  harbor  act  of  Jan« 
3, 1896,  and  assigned  to  my  charge  by  your  letter  of  September  5, 1896. 

The  Snake  Biver  takes  its  rise  in  the  southern  part  of  Yellowstone 
National  Park,  very  near  the  head  waters  of  the  Madison  Fork  of  the 
Missouri  and  the  Green  Biver  branch  of  the  Colorado,  the  former  flow- 
ing into  the  Gulf  of  Mexico  and  the  latter  into  the  Oulf  of  Galifomia. 
From  its  source  the  Snake  takes  a  southwesterly  course  until  it  comes 
within  60  miles  of  the  present  limits  of  the  Great  Salt  Lake  of  Utah. 
From  the  vicinity  of  the  Great  Salt  Lake  it  takes  a  northwesterly  oonm 
across  Idaho  to  the  Idaho-Oregon  boundary  line,  where  it  turns  to  iht 
north  and  forms  the  boundary  between  those  States  for  about  200  miles. 
At  Lewiston  it  turns  again  and  follows  a  general  westerly  direction  for 
about  140  miles  to  its  confluence  with  the  Columbia. 

Through  southern  Idaho  the  Snake  Biver  flows  in  a  tremendons 
canyon,  in  which  are  numerous  rapids  and  falls  of  great  magnitude 
and  beauty,  ranking  with  Niagara  and  the  falls  of  the  Zambesi,  io 
Africa.  The  principal  are  the  great  Shoshone  Falls,  the  American 
Falls,  and  Salmon  Falls.  A  number  of  streams  flow  into  the  Snake 
from  the  south  and  west,  among  which  the  principal  are  the  Brunean, 
Owyhee,  Malheur,  Burnt,  Powder,  and  Grand  Bonde  rivers.  The  main 
branches  from  the  east  are  the  Malade,  Boise,  Payette,  Salmon,  and  Clear- 
water. Nearly  all  the  streams  flowing  into  the  Snake  may  be  charac- 
terized as  mountain  torrents  flowing  through  deep  canyons,  entirely 
unnavigable,  and  with  very  little  valley  land  along  their  courses. 
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The  Snake  Biver  from  Lewiston  to  its  moath  flows  through  a  deep, 
narrow  valley,  with  precipitous  slopes,  broken  frequently  at  or  near  the 
liver  by  vertical  walls  of  columnar  basalt.  These  slopes  are  surmounted 
by  a  heavily  rolling  plateau  extending  back  into  the  interior.  As  the 
river  is  descended  the  elevation  falls  until  Ainsworth  is  reached,  near 
the  mouth  of  the  river,  where  the  plateau  is  about  40  feet  above  low 
water.  On  both  banks  of  the  river  at  frequent  intervals  are  to  be  found 
high  rolling  benches  at  the  foot  of  the  steep  slopes  of  the  main  valley. 
The  cultivated  area  in  the  valley  is  confined  to  these  benches.  With 
thorough  irrigation  some  of  these  produce  extraordinary  yields  of  fruit. 

The  plateau  near  the  river  has  proven  too  dry  for  grain,  but  at  a 
distance  of  6  or  7  miles  back  from  the  river,  on  each  side,  it  is  better 
adapted  for  raising  these  crops,  and  it  is  all  taken  up  under  the  home- 
BtesMi  laws. 

Below  Kiparia  there  are  a  few  orchards  scattered  along  the  river  at 
infrequent  intervals,  most  of  them  being  near  Fords  Island.  The  prod- 
ucts of  these  orchards  are  shipped  to  market  over  the  Oregon  and  Wash- 
ington Territory  Railroad,  which  parallels  the  river  on  the  south  side 
at  an  average  distance  of  6  miles.  The  great  fruit-raising  section  of 
the  Snake  Biver  is  above  Riparia. 

The  country  lying  to  the  north  of  the  section  of  the  river  between 
Biparia  and  the  mouth  is  tapped  by  the  Palouse  branch  of  the  Northern 
Pacific  Railroad,  which  is  separated  from  the  river  by  the  high  country 
intervening,  and  nowhere  approaches  it  nearer  than  4  miles. 

The  Oregon  Bailway  and  Navigation  Company's  railroad,  from  Wal- 
lula  to  Spokane,  follows  down  the  valley  of  Tucannon  Greek  to  the 
Snake  River,  and  up  the  left  bank  of  the  Snake  to  Riparia,  where  it 
crosses  and  then  passes  up  tiie  valley  of  Alkali  Greek  to  the  country 
north  of  the  river. 

On  the  hills  flanking  the  lower  pai-t  of  the  river  large  bands  of  sheep 
find  winter  pasture.  The  wool  is  usually  shipped  by  boat  to  Riparia 
daring  high  water.  Thousands  of  horses  range  on  the  plateau  on  the 
north  side.  These  are  allowed  to  run  wild,  and  are  not  at  present  a 
dburce  of  revenue. 

The  ground  near  the  river,  especially  toward  the  mouth,  is  sandy  and 
supports  a  heavy  growth  of  sagebrush  find  weeds,  which  gradually  give 
place  to  a  light  growth  of  bunch  grass  on  the  high  plateau.  There  is 
no  timber.  On  some  of  the  bars  are  found  thickets  of  willow8|  which 
rarely  attain  a  height  of  more  than  12  feet. 

The  whole  number  of  residents  along  the  stretch  of  river  below 
Biparia  does  not  exceed  50. 

There  are  but  two  tributaries  to  the  Snake  River  between  Riparia 
and  the  mouth — Tucannon  Greek  and  Palouse  River.  Tucannon  Greek 
empties  into  the  Snake  from  the  south  5  miles  below  Riparia.  This 
stream  has  a  low-water  width  of  about  30  feet  and  carries  but  little  water 
except  at  flood  seasons.  It  drains  an  area  of  about  360  square  miles. 
Palouse  River  is  a  small,  rapidly  falling  stream,  emptying  into  the 
Snake  about  7^  miles  below  Riparia.  It  has  a  low- water  width  of  about 
40  feet,  and  with  all  its  tributaries  drains  an  area  of  approximately 
2,380  square  mUes.  The  drainage  area  of  the  Snake  itfielf,  between 
Biparia  and  its  mouth,  is  510  square  miles,  making  in  all  3,250  square 
miles  directly  tributary  to  this  portion  of  the  river.  This  area,  being 
very  small  in  comparison  to  the  total  drainage  area  of  the  Snake,  and 
being  also  extremely  dry,  the  volume  of  the  river  remains  practically 
the  same  from  Riparia  to  its  mouth. 
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The  Snake  Biyer  and  its  many  branches  drain  all  of  Idaho  except  i 
small  portion  in  the  north,  the  eastern  part  of  Oregon,  the  southeast 
comer  of  Washington,  and  small  parts  of  Wyoming,  Utah,  and  Nendi 
The  areas  in  these  States  draining  into  the  Snake  Biver  are  apicoxi- 
mately  as  follows: 

Wvbington S,M 

Oragon n,J0O 

Idaho 70,OW 

Wyoming 5,1» 

Ut»b W 

NeTAdA 6^M 

ToUl 104,800 

This  is  an  area  almost  eqnal  to  that  of  all  the  New  England  States 
and  New  York  combined. 

At  low  water  the  Snake  Biver  discharges  into  the  Columbia  aboat 
26,000  cnbic  feet  per  second.  The  period  of  high  water  in  the  Snake 
ranges  generally  from  April  1  to  August  1.  This  high  water  is  eaosed 
by  the  melting  of  the  snow  in  the  mountains  at  the  head  waters  of  the 
Snake  and  its  tributaries.  There  is  usually  a  &11  rise  in  the  month  of 
November,  caused  by  heavy  rains  which  generally  fUl  in  that  month. 
On  May  26, 1897,  the  river  was  19.3  feet  above  extreme  low  water  od 
the  gauge  kept  by  the  Oregon  Railway  and  Navigation  Company  at 
Biparia  At  other  points  on  the  river  the  stage  was  from  18  to  26  feet 
above  low  water,  depending  upon  the  width  of  the  river.  This  was 
somewhat  higher  than  the  average  summer  rise.  The  fall  rise  is  nsoallj 
from  4  feet  to  10  feet  above  low  water. 

At  the  present  time  the  only  part  of  the  Snake  Biver  system  which 
is  being  regularly  navigated  is  that  part  of  the  Snake  Biver  between 
Biparia  and  Lewiston.  Asotin,  7  miles  above  Lewiston,  is  generallj 
considered  the  head  of  navigation  of  this  stretch  of  river,  and  boats  go 
that  far  whenever  there  is  any  occasion  for  them  to  do  so.  In  former 
years  they  have  gone  up  the  Snake  as  far  as  the  Grand  Bonde  Biver, 
80  miles  above  Lewiston,  and  have  also  gone  up  the  Olearwater  69  milei 
to  Kamiah. 

Before  the  railroads  which  now  parallel  the  Columbia  and  Snske 
rivers  were  built  these  streams  were  the  great  highways  of  travel,  sfid 
played  a  very  important  part  in  the  settlement  of  the  section  of  ooantiy 
though  which  they  flow.  Congress  early  recognized  the  importance  oif 
the  improvement  of  these  streams,  and  in  the  act  of  June  10, 1873,  made 
an  appropriation  of  $.30,000  for  the  improvement  of  the  Columbia  Bivff 
from  Celilo,  Greg.,  to  the  mouth  of  the  Snake.  During  the  two  suooeed- 
ing  years  an  additional  amount  of  $55,000  was  appropriated  for  this 
stretch  of  river.  In  the  year  1876  the  Snake  Biver,  fin>m  Lewiston  to 
its  mouth,  was  added,  and  in  1892  the  upper  limit  of  the  improvement 
was  extended  to  Asotin,  7  miles  above  Lewiston. 

The  total  amount  appropriated  for  the  improvement  of  the  "Upper 
Columbia  snd  Snake  rivers,  Oregon  and  Washington,"  as  the  improve 
ment  of  the  continuous  Columbia  and  Snake  rivers  from  Celilo,  Oreg«9 
to  Asotin,  Wash.,  is  designated,  has  been  $381,000.  Of  this  amonnti 
$110,350.57,  as  nearly  as  can  be  ascertained  from  the  records,  had  been 
spent  on  the  part  of  the  Snake  Biver  between  Biparia  and  its  month; 
that  is,  the  part  included  in  this  survey  prior  to  1889.  No  work  hai 
been  done  in  this  section  of  the  river  since  1888,  as  the  appropriatioDS^ 
for  the  improvement  of  the  '<  Upper  Columbia  and  Bnake  riven"  bi^ 


APPENDIX  T  T — REPORT  OP   MAJOR  PI8K.  3017 

been  small  and  the  interests  of  commerce  have  demanded  that  all  of 
these  small  appropriations  be  spent  on  other  parts  of  the  Snake  Biver, 
where  there  was  some  regnlar  navigation  to  be  benefited. 

It  is  possible  that,  when  the  Golambia  River  is  opened  at  The  Dalles 
so  that  boats  can  pass  from  the  Lower  Oolombia  to  the  mouth  of  the 
Snake  without  transfer  of  cargo,  this  part  of  the  Snake  may  again 
assume  an  important  relation  in  regard  to  the  commerce  of  this  section 
of  the  country,  but  until  that  time  comes  there  does  not  appear  to  be 
any  prospect  of  its  again  exercising  much  influence  on  the  development 
of  the  country.  The  railroads  have  robbed  it  of  its  importance,  and 
until  such  time  as  it  may  become  part  of  a  through  system  of  naviga- 
tion from  tide  water  to  the  vicinity  of  the  rich  wheat  country  in  eastern 
Oregon,  eastern  Washington,  and  Idaho,  it  can  never  regain  its  impor- 
tance. The  local  traffic  along  this  section  of  river  is  small  and,  owing 
to  the  proximity  of  the  railroads  on  each  side  and  other  causes,  must 
fdways  remain  so. 

The  results  of  the  work  done  have  been  to  remove  many  obstructions 
to  navigation  and  render  somewhat  less  dangerous  the  greater  part  of 
the  rapids  and  shoals  on  this  stretch  of  river.  But  if  it  is  contem- 
plated to  so  improve  the  river  as  to  render  it  navigable  at  low  water  a 
great  deal  of  work  remains  to  be  done;  and  as  the  river  has  already 
been  improved  so  that  there  are  practically  no  obstructions  to  naviga- 
tion at  high  water  except  the  swift  current  due  to  the  great  fall  of  the 
river,  which  is  201 .8  feet  at  low  water  between  Biparia  and  the  mouth, 
a  distance  of  66.7  miles,  it  is  inferred  that  a  project  for  its  improvement 
to  permit  a  low- water  navigation  is  desired. 

It  appears  at  the  present  time  that  this  improvement  can  be  effected 
at  a  cost  of  $163,000,  this  estimate  being  based  on  the  cost  of  the  work 
which  has  been  done  in  the  past,  and  it  being  assumed  that  the  appro- 
priation will  be  large  enough  to  permit  of  a  suitable  plant  being  pro- 
vided and  worked  at  an  efficient  rate. 

This  project  contemplates  the  removal  of  rock  ledges  and  bowlders, 
the  scraping  of  cobblestone  bars,  and  the  building  of  contraction  works 
wherever  necessary,  so  as  to  give  a  free  channel  with  a  minimum  depth 
of  5  feet  at  low  water.  The  work  to  be  done  at  the  various  rapids  and 
Bboals  is  described  in  detail  in  the  appended  <^  Description  of  Bapids 
and  Shoals." 

With  a  firee  channel  once  obtained,  there  will  still  be  considerable 
work  necessary  in  order  to  keep  it  clear  of  bowlders,  which  are  annually 
brought  down  by  ice  and  high  water  and  lodged  on  shoals  and  rapids. 
These  form  annually  recurring  obstructions,  and  will  probably  require 
the  expenditure  of  $3,000  every  two  years  to  remove. 

Appended  hereto  is  a  tabulated  list  of  rapids,  shoals,  and  prominent 
points  between  Biparia  and  the  mouth  of  the  river  and  a  detailed 
*< description  of  rapids  and  shoals,''  giving  the  amount  of  work  yet  to 
be  done  at  each  and  the  amount  of  work  which  has  heretofore  been 
done.  Until  1885  the  work  was  done  by  contract  and  after  that  by 
hired  labor.  The  average  cost  of  the  rock  removed  by  contiact  was 
$18.79  and  the  average  cost  of  that  removed  by  hired  labor  was  $5.11. 
Very  respectfully,  your  obedient  servant*, 

Haery  Taylor, 
Captain^  Corps  of  Engineers. 

Brig.  Gen.  John  M.  Wilson, 

Okie/  of  Engineers^  U.  8.  A. 
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Tabulated  U$t  o/  rapidt,  mKooU,  and  prawUaeat  paiaU. 


LocmUty. 


BiparU 

TcucM  B«pida: 

Ha^ 

Foot 

Hantert  Rapids: 

He«d 

Toot 

TneMuum  Creek,  moath. 
PalooM  Bapid,  bead  .... 

Heedof  ehate 

Pelooee  Repid,  foot 

Bepid  Kow  4 : 

Heed 

Foot 

Pelonae  Rirer,  month 

Lyone  Ferry 

BliBeKo.6: 


Foot 

Skiff  Bar  Bapida: 

Heed 

Foot 

Keeenline  Bar 

Falee  Palouae  Rapid: 

Heed 

Foot •% 

BliBeKo.8: 

Heed 

Foot 

Rapid  No.  V  (Gorea  Dreed) : 

Head 

Foot 

Monamental  Rapid: 

Head :. 

Foot 

Shoal  below  Honnmental 

Old  Waahtacna  Ferry 

BapidNo.]!: 

Head 

Foot 

Bapid  No.  IS  (Pine  Tree  Rapids) : 

Head 

Foot 

Reacne  laland,  head 

Rapid  No.  13,  head 

Long  CroaainK  Bar,  head 

Rescue  lalancU  foot 

LoDff  Croaaing  Bar,  foot 

Rapid  No.  18,  foot 

Minnie  Coate  laland,  head 

Rapid  No.H  head 

Bapid  No.  14.  foot 

Minnie  Coata  Island,  foot 

Walkera  Landing 

Forda  Landing 

Shoal  below  Forda  Island 

Bapid  No.  15: 

Head 

Foot 

Oopelys  Cat-off: 

Foot 

Shoal  aboTO  Anchor  Canyon : 

Head 

Foot 

Anchor  Canyon: 

Head 

Foot 

Fiah  Hook  Ferry 

FiahHookBapida: 

Heed 

Foot 

Three  lalaad  Bend,  head 

BiiHeNal9,head 

Three  Island  Bend,  fMt 

BiffleNal8.f!Dot 1 


Diatanoe 

from 
Biparla. 


) 


0.00 

0.M 
2.23 

8.79 
4.26 
4.74 
S.20 
6.40 
7.40 

7.61 
7.86 
7.63 
8.09 

8.63 
9.20 

12.50 
13.87 
15.86 

15.76 
16.18 

17.18 
17.68 

20.15 
20.50 

22.25 
22.38 
23.40 
84.60 

24.57 
25.83 

30.28 
31.38 

32.25 
33.20 
33.80 

34.92 

3.5.60 
36.00 
36.73 
37.90 
38.20 

88.88 
89.38 

42.52 
43.44 

44.65 

46.85 

45.40 
47.00 
47.20 

48.80 
60.26 
58.66 
68.60 

58.88 


Diatanoe 

finom 
month  of 

rirer. 


66.70 

65.76 
64.47 

62.91 
62.44 
61.96 
61.50 
•0.30 
59.80 

59.09 
58.84 
59.07 
58.61 

58.17 
OT.60 

54.20 
52.83 
51.84 

50.96 
60.52 

49.52 
48.02 

46.65 
46.20 

44.45 
44.32 
43.30 
42.10 

42.13 
40.87 

86.42 
35.32 

34.45 
33.50 
32.90 

aL78 

31.10 
:<0.70 
29  07 
88.80 
28.50 

27.88 
27.82 

24.18 
88.26 

28.  J5 
2L35 

81.80 
19.70 
19.60 

17.90 
16u44 
14.15 
18.20 

18.88 


Eleratloa' 
of  water 


616l25 

514.90 
500.15 

498.38 
494.11 
492.80 
492.19 
482.30 
477.06 

476.97 
475.81 
476.97 
475.60 

475.40 
470.89 

468.21 
458.07 
456.70 

456.16 
454.11 

453.49 
449.33 

446.02 
444.10 

441.80 
439.61 
437.32 


Fan  of 


14.75 
4.27 


I      15l1S 
}       ^^^ 


}       5.U 
}      10.14 


436.00 
427.01 

422.33 
413.97 

413.74 
408.88 
403.68 

403.17 

390.51 
399.25 
398.49 
396.12 
394.60 

388.89 
887.50 

384.87 
379.06 

878.07 
872.09 

873.10 
8^1.04 
872.94 

870.78 
859.43 
867.60 
85X46 


668.40 


} 
} 
} 
} 


2.06 
^16 

1.93 
119 


Siteflf 

perwk 


&99 


8.86 


10.06 


8.61 


i; 
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Tabulated  lUt  ofrapidi,  $\oaU,  aiui|>rMi{iim<|)aiii(f~€oDtinaed. 


LooaUty. 


iO: 

I'^yi't^v///.'.'.'.'.'.'. 

ind: 

Raj  i<l   ; 

22*: 

28  (IVriiicH  I)o(e:r) 

iBtkT'.V.V.'. 

I  Br1df;e 

^s  ■ 

riyer '.. 


Distance 

from 
Biparla. 


6440 
64.48 
66.45 

66.80 
60.40 

00.02 
01.00 

0L86 
02.06 

08.00 
08.40 
04.00 
06.80 

00.40 
00.67 
00.70 


Difltanoe 

from 
month  of 

riT«r. 


12.30 
12.22 
11.26 

10.00 
10.24 

0.08 
8.04 

4.86 
4.06 

8.70 
8.80 
2.10 
L40 

.80 
.18 


EleTation 
of  water 
Burfioe. 


860.10 
349.30 
847.81 

840.80 
842.96 

880.70 
882.87 

829.80 
827.81 

826.26 
822.06 
820.60 
810.26 

817.89 
816.09 
814.44 


} 


FaUof 
water. 


.74 


}       2.80 


Bate  of 

fall 
permila. 


0.86 


8.91 

6.92 

4.88 

0.84 

L70 

&96 

8.20 

&00 

10.47 


nOH    OF    RAPIDS,  SHOALSy    LANDINGS,  AND    PROMINKNT   POINTS    ON  SNAKX 
RIYXB,  WASHINGTON,  BBTWSBN  RIPABIA  AND  THB  MOUTH. 

sria.'-A  station  on  the  main  line  of  the  Oregon  Railway  and  Navisation 
^8  railroad,  which  croeses  the  river  at  this  point.  Riparia  is  on  the  left  oank . 
opposite  is  Texas  City.  The  population  of  both  is  abont  50  souls.  Riparia 
wer  terminus  of  the  steamboat  line  to  Lewiston.  All  freieht  to  or  from 
points  is  transferred  here.  The  river  is  crossed  by  a  steel  bridge  of  three 
ith  masonry  piers  founded  on  bed  rook.  The  drawspan  on  the  &ft  side  of 
'  has  a  clear  span  of  157.6  feet. 

i«  Rapid  (1  mile  below  Riparia). — ^This  rapid  is  1.3  miles  long  and  has  a  fall 
feet,  or  at  an  average  rate  of  11.43  feet  per  mile.  The  river  is  here  1,750 
e  between  high-water  lines  and  1,500  feet  wide  between  low- water  lines, 
t  of  this  width  being  taken  up  on  the  right-hand  side  by  shoals  and  bowlders, 
mel  follows  the  left  bank  at  an  average  distance  of  300  feet.  This  obstruo- 
ilts  from  an  insufficient  section,  especially  during  low  stages.  The  channel 
irough  extensive  rock  reefs  of  irregular  formation,  a  great  deal  of  which  is 
le  submerged  and  obstructs  and  narrows  the  channel,  producing  by  its 
3^  effects  currents  of  from  9i  to  12  miles  an  hour.  The  object  of  the  improve- 
re  should  be  directed  to  straightening  the  channel  and  enlarging  the  cross 
BO  as  to  reduce  the  damming  effect  of  the  present  contracted  portion  of  the 
The  work  should  mainly  be  directed  to  that  portion  of  the  bed  of  the 
ween  1,350  and  2,200  feet  below  the  head  of  the  rapid.  It  is  estimated  that 
»val  of  12,640  cubic  yards  of  rock  is  necessary  to  afford  a  clear  channel,  free 
nage  to  passing  steamboats  at  extreme  low  water.  Of  the  above  amount 
>ic  yards  are  above  water,  11,500  cubic  yards  submerged.  The  work  on  this 
very  difficult  and  dangerous,  owing  to  the  extremely  swift  water,  and  can 
prosecuted  at  favorable  stages,  near  low  water.  The  estimated  cost  of  this 
bsed  on  work  previously  carried  on  on  the  Snake,  briefly  stated,  is  as  follows : 

>to  yards,  at  $2 $2,280.00 

ibio  yards,  at  $5 57,600.00 

•tal 69,780.00 

ork  heretofore  done  on  the  rapid  is  as  follows : 

}.  692.66  cubic  yards,  at  $18 $12,467.88 

J.  490  cubic  yards - 4,693.77 

Office  and  superintendence 851. 57 

J.  1,356  oubio  yards,  at$4.19 6,677.46 

bio  yards,  2,637.66 28,590.67 
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3.  BunterB  Rapid  (8.8  miles  below  Riparia).— This  is  a  short  rapid,  with  strong  ear- 
rent  and  fairly  roogh  water.  The  channel  is  deep,  though  slightly  crooked,  and  it 
obstructed  at  but  one  point,  where  a  submerged  rook  of  probably  30  cubic  yards 
should  be  remoTcd.    Estimated  cost,  30  cubic  yards  at  $7,  $210. 

4.  Mouik  of  Tuoannon  Creek  which  empties  into  the  Snake,  on  the  left,  4.74  milei 
below  Riparla.  This  stream  has  a  low-water  width  of  about  30  feet,  and  carries  bat 
little  water  except  at  flood  seasons.  The  railroad  leayes  the  river  at  this  point  and 
passes  up  the  Tafley  of  Tuoannon  Greek. 

6.  Palouee  Rapid  (5.2  miles  below  Riparia). — ^Tfais  rapid  has  a  length  of  2.2  milet 
and  a  fall  of  15.13  feet,  or  at  an  aTerage  rate  of  6.88  feet  per  mile.  The  river  is  940 
feet  wide  at  the  head,  but  at  a  distance  of  1.2  miles  below  it  suddenly  narrows  to  s 
width  of  but  120  feet,  and  from  there  flows  between  low  rock  walls.  The  channel 
is  deep  and  carries  a  strong  current,  with  many  strong  whirls.  Near  the  lower  end 
the  channel  has  a  width  of  70  feet  and  a  depth  of  100  feet.  There  are  different  chan- 
nels through  this  rapid  at  different  stages  of  water.  At  lowest  stage  the  channel  is 
direotlT  through  the  center.  At  10  feet  stage  the  channel  passes  to  the  north  side, 
and  at  nigher  stages  the  channel  is  on  the  south  side.  In  each  case  the  oourse  is  taken 
so  as  to  avoid  the  strongest  current.  It  is  believed  that  this  rapid  now  presents  no 
serious  impediment  to  low- water  navigation. 

Siaiemeat  of  work  done  on  Palouee  Rapid. 

1881.    869. 11  onbic  yards  removed,  at  cost  of $21,727.75 

740.73  cubic  yards  removed,  at  cost  of 12,223.06 

1, 609. 84  oubio  yards  removed,  at  cost  of 33,949.80 

6.  Rapid  No,  4  (7.61  miles  from  Riparia).— This  rapid  is  short  and  presents  no 
obstacle.  Length  one-fourth  of  a  mile,  witn  fsU  of  1.16  feet;  average  rate  per  mile, 
4.64  feet. 

7.  Palouee  River  (7.63  miles  from  Riparia).— This  stream  has  a  low-water  width  of 
about  40  feet  and  carries  but  little  water.    It  empties  into  the  Snake  fh>m  the  north. 

8.  Ljfone  Ferry  and  Berry  Poet- Office,— Point  where  the  MuUan  wagon  road  crossei 
the  Snake. 

9.  Rapid  No.  6  (8.53  miles  below  Riparia).— This  rapid  is  0.67  mile  in  lensth,  and 
falls  in  that  distance  5.11  feet,  or  at  an  average  rate  of  7.63  feet  per  mile.  The 
channel  has  a  least  depth  of  5  feet.  Several  bowlders,  aggregating  probably  60 
cubic  yards,  require  removal.  Estimated  cost,  60  cubic  yarcLB,  at  $8  per  cubic  yard; 
$480. 

10.  Skiff  Bar  Rapid  (12.50  miles  below  Riparia).— This  rapid  is  1.37  miles  in  length, 
and  falls  in  that  distance  10.14  feet,  or  at  an  average  rate  of  7.4  feet  per  mile.  rb« 
fall  for  first  half  mile  is  6.09  feet,  or  at  an  average  rate  of  12.18  feet  per  mile.  Th« 
channel  is  shoal  and  slightly  crooked,  with  a  least  depth  of  6  feet.  A  number  of 
bowlders,  amounting  probably  to  100  cubic  yards,  should  be  removed.  Estimated 
cost,  100  cubic  yards,  at  $8,  $800. 

11.  Maeouline  Bar  (15.36  miles  below  Riparia). — ^A  landing  from  which  a  yearly 
shipment  of  wool  is  made. 

12.  Falee  Palouee  Rapid  (15.75  miles  below  Riparia). — ^This  rapid  is  0.43  mile  long, 
with  fall  of  2.05  feet  in  that  distance.  Average  rate  per  mile,  4.77  feet.  The  obaunel 
is  straight  and  narrow,  and  flanked  by  submerged  rock  walls  which  cause  numerous 
whirls.  No  improvement  necessary.  Some  work  was  done  on  this  rapid  in  1881, 
when  8.69  cubic  yards  were  removed,  at  a  cost  of  $143.39. 

13.  Rapid  No.  8. — This  is  a  shoal  rapid— least  depth  5  feet;  17.18  miles  from  Riparia 
It  has  a  length  of  one-half  mile  and  a  fall  of  4.16  feet,  or  at  an  average  rate  per  mile 
of  8.32  feet.  The  width  of  the  river  at  the  head  is  1,280  feet  between  water  lines.  It 
is  believed  that  this  rapid  will  require  no  work  at  present.  On  all  the  rapids  and 
shoals  are  annually  occurring  obstructions  in  the  shape  of  bowlders  transported  bj 
ice  and  high  water.  These  are  generally  of  small  size  and  often  do  not  cause  anj 
disturbance  of  the  water  by  which  they  may  be  located,  but  are  still  a  source  « 
danger  to  passing  steamboats. 

14.  Rapid  No,  9  (known  as  Oores  Dread,  20.15  miles  frt>m  Riparia). — ^This  rapid  btf 
a  length  of  0.35  mile  and  a  fall  of  1.92  feet,  or  at  an  average  rate  per  mile  of  5.48 
feet.  The  channel  is  straight,  with  irregular  bottom,  and  has  a  least  depth  of  6  feet 
A  number  of  bowlders,  aggregating  some  60  cubic  yards,  should  be  removed.  Sixty 
cubic  yards,  at  $8  per  cubic  yard,  iM80. 

15.  Monumental  Rapid  (22^  mijes  from  Riparia).— This  rapid  has  a  length  of  M 
0.13  mile  and  a  fall  of  2.19  feet,  or  at  an  average  rate  per  mile  of  16.85  feet.  It  ti 
formed  by  a  low  reef  extending  diagonally  across  the  channel.  The  channel  skirti 
this  reef  on  the  left-hand  side,  and  finally  passes  over  it  near  the  lower  end.  Tbe 
reef  is  prolonged  at  its  lower  end  by  a  long  gravel  bar  to  the  opposite  shore.  Att 
low  sta^  the  reef  is  submerged  about  1  foot.    The  channel  is  crooked  and  csnisi 
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A  Tery  strong  onrrent  with  rough  water.  There  is  bnt  4  feet  of  water  on  the  reef. 
The  improvement  at  this  point  should  be  directed  to  reducing  the  crest  of  the  ledge. 
This  will  also  lower  the  water  surface  at  that  point  and  also  above  the  reef  where 
the  water  is  shoal  with  cobblestone  bottom. 

Estimated  that  it  will  reouire  the  removal  of  1,200  cubic  yards  of  solid  rock  and 
also  the  removal  of  a  oonsiaerable  amount  of  cobblestone  by  raking. 

E$timaUd  ooti, 

m 

1,200  cubic  yards  submerged  rock,  at  $5 $6,000 

20  days' raking  with  steamer,  at  $40  per  day 800 

Total 6,800 

The  work  previously  done  at  this  point  is  as  follows :  1879-^,  137.50  cubic  yards, 
at  $18,  $2,475. 

16.  Shoal  below  Monumontal  (23.4  miles  below  Riparia). — This  shoal  has  a  least 
depth  of  water  of  6i  feet.  The  channel  is  slightly  crooked.  Several  bowlders, 
amounting  to  about  20  cubic  yards,  should  be  removed.  Estimated  cost,  20  cubic 
yards,  at  ^  per  yard,  $100. 

17.  Old  Waahiuona  Ferry  (24.60  miles  from  Riparia). — ^Now  abandqned. 

18.  Rapid  below  Waehiuona  Ferry  (24.57  miles  below  Riparia).— The  river  is  here 
1,5^  feet  wide  between  water  lines,  and  is  obstructed  by  a  cobblestone  island  in 
the  center  of  the  river.  The  channel  on  the  right  is  obstructed  by  a  bar  at  the 
lower  end  of  the  island.  The  steamboat  channel  closely  follows  the  left  shore. 
The  rapid  has  a  length  of  1.26  miles,  and  falls  in  that  distance  8.99  feet,  or  at  an 
average  rate  of  7.14  feet  per  mile.  The  fall  for  the  first  half  mile  is  5.22  feet,  at 
rate  of  10.44  feet  per  mile.  A  number  of  bowlders  require  removal,  probably  50 
cubic  yards.    Estimated  cost,  50  cubic  yards,  at  $8^  $400. 

19.  Pine  Tree  Rapid  (30.28  miles  from  Riparia).— This  has  a  length  of  1.1  miles  and 
falls  in  that  distance  8.36  feet,  or  at  an  average  rate  of  7  60  feet  per  mile.  This 
obstruction  is  formed  by  two  belts  or  reefs  of  lava,  or  basaltic  rock,  which  extend 
across  the  river  nearly  at  right  angles  to  the  direction  of  the  current  and  at  an  aver- 
age height  of  1  foot  above  extreme  low  water.  The  river  has  a  width  of  1,250  feet 
at  the  head.  The  first  reef  is  about  400  feet  wide.  The  channel  through  this  has  a 
width  of  150  feet.  Through  this  chute  the  water  rushes  with  great  velocity.  A 
minimum  depth  of  5  feet  was  found  here. 

The  second  belt  or  reef  is  about  3,000  feet  wide.  The  channel  passes  through  the 
center  of  this  reef,  skirting  a  long  island  of  cobblestones  on  rock  foundation,  which 
lies  on  the  left.  Through  the  upper  part  of  the  reef  the  channel  is  but  90  feet  wide, 
and  the  water  rushes  through  this  chute  with  great  velocity  and  with  many  strong 
whirls,  which  make  it  very  hard  to  hold  a  boat  in  the  channel,  the  tendency  of  the 
whirls  and  cross  currents  being  to  throw  the  boat  against  the  sharp  and  jagged 
points  of  the  flanking  reefs.  Near  the  lower  end  the  channel  becomes  wider  but 
with  several  obstructions,  consisting  of  submerged  reefs  and  points  of  rock  in  posi- 
tion. The  channel  on  the  left  carries  bnt  little  water,  and  falls  abruptly  at  the  lower 
end  over  a  basaltic  ledge.  The  least  depth  of  water  found  in  this  channel  was  5 
feet,  except  at  the  lower  end,  where  the  channel  widens  and  is  obstructed  by  several 
points  of  rock. 

The  improvement  at  this  obstruction  should  be  directed  to  widening  the  section 
and  reducing  the  slope  and  current  through  the  second  reef.  It  is  estimated  that  the 
removal  of  8,900  cubic  yards  would  be  necessary.  This  should  be  removed  fh)m  either 
side  of  the  second  chute  at  the  head,  and  from  the  right  side  at  the  bottom ;  also  the 
submerged  obstructions  at  the  lower  end  of  the  same  chute,  in  the  center  and  on  the 
left  side  of  the  channeL 

Eetimated  oo$L 

2,670  cubic  yards  above  water,  at  $3 $8,010 

6,230  cubic  yards  submerged,  at  $5 31,150 

Total  cost 89,160 

The  following  work  has  been  done  at  this  point: 

1876.      477.51  cubic  yards  removed,  at  cost  of $11,818.37 

1878.      664.28  cubic  yards  removed,  at  cost  of 8,635.64 

1888.  1,010       cubic  yards  removed, at  cost  of 4,231.90 

2^151.79  cubic  yards  removed,  at  cost  of 24,685.91 
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90.  Bmeme  J$Umd  J2ap<d.— This  Ib  a  long  and  ali^liily  crooked  rapid  iMcimuDsil 
the  head  of  Ratoae  Island^  32.25  miles  below  Riparia.  Length  of  rapid,  LSBfln; 
fkil,  10.08  feet;  rate  yet  mile,  6.43  feet.  This  rapid  may  be  considered  in  two  ne- 
tions,  the  first  extending  mm  the  head  to  the  foot  of  Besone  Island;  tfaeaeeoii 
extending  tnm  the  foot  of  Resone  Island,  which  ia  also  the  head  of  Long  Crowig 
Bar.  to  the  lower  end  of  Long  Crossing  Bar. 

Tne  first  section  of  the  rapid  is  obstmoted  by  two  ledgee  at  about  the  ndddk 
of  the  island.  These  are  about  1  foot  above  low- water  loFe!,  and  lie  in  the  osiv of 
the  channel.  They  amount  together  to  about  150  oabio  yards.  Estimated  Mk  of 
remoTaly  160  yards,  at  $4  per  yard.  $600. 

Long  Crossmff  Bar  is  about  4,500  feet  in  length,  and  extends  from  ths  lower  tod  tf 
Rescue  Island  aiaj^onaUy  across  the  river  to  the  left  bank,  llie  aversge  depth  «f 
water  on  this  bar  is  2  feet.  The  greatest  depth  found  on  any  crossing  is  3  feet,  iti 
point  2,400  feet  below  the  end  of  the  island.  The  bar  is  300  feet  wide,  and  tiieTite 
fslls  over  it  as  over  a  dam.  The  fall  in  that  distance  is  0.88  foot,  at  an  avenge  nta 
of  14.56  feet  per  mile. 

It  is  believed  that  the  eonstmction  of  a  dike  from  the  lower  end  of  tiie  iihid 
along  the  upper  side  of  the  bar  for  a  distance  of  2,000  feet  from  the  islsod  woiU 
deepen  the  water  on  the  crossing  so  as  to  give  ample  depth  for  steamboste.  IV 
dike  should  extend  400  feet  upstream  from  the  lower  end  of  the  island,  in  order  U 
change  the  direction  of  the  current  gradually  and  to  protect  the  bank  from  vadiiBg 
out.  After  the  dike  is  oompleted  it  would  probably  be  necessary  to  remore  s  eoo* 
siderable  amount  of  cobblestones  in  the  line  of  the  channel  across  the  ber  oo  thi 
upper  side,  in  order  to  reduoe  the  slope  and  consequent  velocity  of  the  ourent  Tb 
construction  of  a  eecond  dike  below  the  end  of  the  first  dike,  and  running  from  tti 
left  shore  to  the  bar  at  right  angles  to  the  general  coarse  of  the  river,  might  profi 
to  be  necessary,  but  is  not  recommended.  The  average  depth  of  the  wster  sioef 
the  line  of  the  first  dike  is  3  feet.  A  height  of  2  feet  above  low  water  ahonld  bt 
sufficient.    Estimated  cost  of  the  improvement  is  as  follows: 

2,400  linear  feet  of  stone  dike,  at  $4.60  per  foot $10,8)il 

10  days' raking  with  steamboat,  at  $40  per  day 4<K' 

Total 11,» 

21.  CoMcfc  /eland  iSaptd.— At  upper  end  of  Couch,  or  Minnie  Coats,  Island,  S4.9S  miki 
from  Riparia.  This  is  a  shorty  rough  rapid,  over  a  cobblestone  bottom,  with  s  erooked 
channel,  lying  to  the  left  of  Couch  Island.  It  has  a  length  of  0.68  mile  aod  fslltB 
that  dietance  3.66  feet,  or  at  an  average  rate  of  6.38  feet  per  mile.  The  fall  for  the  fim 
one-fourth  mile  is  2.77  feet,  or  at  a  rate  of  11.08  feet  per  mile.  The  current  sefe 
strongly  against  the  left  bank.  Ascending  boats  have  considerable  difficnlty  ii 
lining  up.  The  right  channel  carries  about  4  feet  of  water  and  has  light  cnrreet 
It  is  obstructed  by  several  bowlders  which  should  be  removed.  This  win  give  s  free 
channel  at  all  stages  above  1  foot  above  low  water.  At  low- water  stage  the  kfi 
channel  must  be  taken,  where  the  only  difficulty  lies  in  the  swifbuess  of  the  coneit 
Estimated  cost,  80  eubic  yards,  at  $5,  $400. 

22.  Walkeri  Landing  (36.78  miles  from  Riparia). — ^A  former  shipping  jioint  for  gna 
from  Eureka  Flat,  on  left  bank.  • 

23.  Farda  Landing  (37.9  miles  from  Riparia). — ^A  former  shipping  point  for  gno 
from  Eureka  Flat,  on  left  bank.    At  this  point  is  a  large  orchanl. 

24.  Shoal  heUno  Forda  Island  (38.2  miles  from  Riparia}.~This  is  formed  by  s  dl^go^ 
bar  crossing  the  river  ttom  the  foot  of  Fords  Island  on  the  right  to  the  left  bank.  & 
carries  a  minimum  depth  of  5.5  feet  and  is  apparently  unobstructed. 

25.  Bapid  No.  16  (38.88  miles  from  Riparia).— A  shoal  rapid  one-half  mile  in  leo|1^ 
and  materially  obstructed  by  bowlders.  The  fiftll  is  2.3  feet.  An  average  rste  of  4i 
feet  per  mile.  It  is  estimated  that  200  cubic  yards  of  bowlders  shouldbe  leoiorei 
Estimated  cost,  200  cubic  yards,  at  $6,  $1,200. 

Amount  removed  from  this  rapid  in  1884,  31.49  cubic  yards,  at  oost  of  $597.93. 

26.  Copelyi  Cut-off— Rapid  No.  16  (42.52  miles  fh>m  Riparia).— The  river  st  thii 
point  is  obstructed  by  two  cobblestone  islands,  forming  three  channels;  the  rifbt 
and  left  channel  are  shoal  an  unnavigable.  The  main  channel  lies  between  tiie  tv« 
islands.  The  rapid  has  a  length  of  0.92  mile,  and  a  fall  of  5.91  feet,  or  at  an  aTeis^ 
rate  of  6.42  feet  per  mile.  At  the  head  of  rapid  and  of  islands  is  a  gravsl  hsr  witk 
a  minimum  depth  of  5.5  feet.  At  the  lower  end  the  rapid  is  obstructed  by  m^^ 
bowlders,  which  should  be  removed.  At  low  water  boats  have  to  line  over  the  btf 
at  the  head.  A  reduction  of  2  feet  on  crest  of  bar  would  probably  ledues  the  ik^ 
and  reeulting  current  sufficiently  to  allow  boats  to  pass  over  without  lining.  ^^ 
mated  cost: 

80  eubic  yards  submerged  rock,  at  $6 |ttO 

8  days' raking  with  steamer,  at  $40  per  day ]"* 818 

Totsl 


APPENDIX  T  T — ^REPORT   OP  MAJOR  PI8K.  3023 

At  this  point  11.19  oubio  yards  were  removed  in  1884,  At  cost  of  $241.23. 

37.  8hoal  above  Anchor  Canytm^Bapid  No,  17.  (44.55  miles  from  Riparia).— This 
rapid  has  a  length  of  0.8  mile  and  ftSlB  in  that  distanoe  5.08  feet,  or  at  an  average 
rate  per  mile  of  6.35  feet.  The  river  at  this  point  is  aboat  1  mile  wide  between 
high-water  lines.  The  channel  passes  through  the  center.  On  the  right  is  a  gravel 
har  nearly  one-half  mile  wide,  covered  with  willow  bmsh  and  overflowed  at  high 
water.  On  the  left  is  a  large  cobblestone  island,  separated  from  the  left  bank  by  a 
narrow  and  shallow  channel.  This  rapid  is  crooKcd,  bnt  with  a  fairly  good  channel, 
obstmcted  at  several  points  by  sabmerged  bowlders,  which  shonid  be  removed. 
Least  depth  of  water^^  feet.  Estimated  cost  of  improvement,  25  cnbic  yards,  at 
$8  per  yard,  $200. 

i&.  Anchor  Canyon  (45.4  miles  from  Riparia). — A  straight  reach  of  river  1.6  miles 
in  length,  witii  very  little  current  and  deep  water  in  narrow  channel. 

29.  rish  Hook  Ferry  (47.2  miies  from  Riparia;  at  lower  end  of  Anchor  Canyon). 

30.  Fi$h  Hook  BaM  (48.8  miles  from  Riparia).~Thls  rapid  is  1.46  miles  in  length 
and  has  a  fall  in  ^at  distance  of  11.3  feet,  or  at  an  average  rate  of  7.74  feet  per 
mile.  On  shorter  reaches  the  rate  of  fall  exceeds  this  rate,  as  the  principal  part  of 
the  fall  is  concentrated  at  the  three  reefs.  This  obstmction  is  caused  by  three  reeib 
of  basalt,  whidi  cross  the  channel  of  the  river.  Through  the  openings  or  ohntes 
through  tiiese  reefs  the  current  has  great  velocity,  with  many  strong  whirfi.  Through 
the  upper  reef  the  channel  is  fairly  good,  except  for  several  reef  points  which  lie  on 
the  ngnt  of  the  center  of  the  channd.  Between  the  first  and  second  reefii  is  a  good 
channel,  witii  deep  water  and  light  current,  flanked  on  each  side  by  low  rock  walls. 
At  and  just  above  the  head  of  ^e  second  chute  the  current  sets  toward  the  right 
bank,  spilling  over  the  shoal  reef  to  the  right  of  the  channel.  This  reef  runs  diago- 
nally upstream.  At  the  lower  chute  the  reef  is  submerged  about  3  feet,  the  main 
body  of  the  reef  lying  on  the  right  of  the  channel.  On  the  left  are  several  points 
of  rock  projecting  from  the  bottom  to  within  about  li  feet  of  the  surface.    The 

improvement  should  consist  in: 

• 

1.  Removing  rock  points  at  upper  chute,  about  50  oubio  yards,  at  $6 $300 

2.  Widening  channel  at  middle  chute  by  removing  2,700  yards  on  the  left  of 

channel,  at  $5 13,500 

8.  Removing  1,100  cubic  yards  on  left  of  channel,  between  middle  and  lower 

reefs,  at  $4 4,400 

4.  Removing  rock  points  at  lower  reef,  2(X)  cubic  yards,  at  $5 1, 000 

6.  Removing  several  bowlders  at  lower  end  of  rapids,  30  cubic  yards,  at  $7..        210 

Total,  4,080  cubic  yards 19,410 

The  purpose  of  the  improvement  at  the  middle  chute  is  to  widen  the  section  enough 
to  reduce  the  slope  and  average  up  the  fall. 
Work  previously  done  on  tms  rapid  is  as  follows: 

1878.  Removal  of  27.45  cubic  yards,  at  cost  of $866.86 

1884.  Removal  of  488.45  cubio  yards,  at  cost  of. 9,280.65 

1888.  Removal  of    8.32  oubio  yards,  at  cost  of 158.08 

524.22  cubic  yards,  at  cost  of. 9,795.48 

31.  Three  Island  Bend  (52.55  miles  from  Riparia). — At  this  place  there  are  three 
passages  separated  by  two  islands.  The  left  passage  is  divided  at  its  lower  end  by 
a  third  island.  The  navigable  channels  are  through  the  right  and  middle  passages. 
The  middle  passage  is  the  one  used  by  steamers,  except  at  extreme  low  water,  wnen 
its  ascent  is  impracticable  by  reason  of  the  strong  current  and  one  small  rook 
obstruction.  In  this  channel  the  fall  is  concentrated  over  a  short  distance,  inducing 
the  strong  current  which  bars  the  passage  of  ascending  steamers.  There  is  a  min- 
imum depth  of  6  feet  of  water  in  this  channel. 

Through  the  right  channel  the  fall  is  more  uniformly  distributed.  On  the  bar  at 
the  head  of  the  island  5  feet  of  water  was  found.  For  the  remainder  of  the  distance 
the  channel  shows  a  depth  of  6  feet,  with  a  number  of  projecting  ledges  and  bowlders 
whieh  should  be  removed.  These  would  probably  aggregate  SK)  cubic  yards.  The 
rook  in  the  middle  passage  should  be  removed  in  order  to  give  a  free  passage  for 
deeoending  steamers.    Amount  estimated  to  be  40  cubic  yards. 

250  cubio  yards,  at  $5 $1,260 

40  oubio  yards,  at  $7 i. 280 

290  oubio  yards 1,680 

82.  Bapid  No.  19  (53^  miles  from  Riparia).— This  rapid  lies  in  the  right  ohannel  at 
Three  Island  Bend.  It  has  a  length  of  0.38  mile,  with  a  fall  in  that  distance  of  1 
feet,  or  at  an  average  rate  of  5.26  feet  per  mile.    The  ourceat  \a  insA«t«.X«\i  ^Xt^t^^v 
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In  the  middle  channel  the  rapid  hAs  a  length  of  0.41  mile,  with  &I1  of  4.94  feet,  or 
at  an  average  rate  of  11.1*7  feet  per  mile,  with  very  strong  cnrrent. 

S8.  Bavid  No,  tO  (54.4  miles  from  Riparia). — ^This  is  a  short,  narrow  chnte  throng 
rock  Teem,  with  ample  depth  of  water.  No  improvement  neceesary.  Length,  O.08 
mile;  fall,  0.74  foot;  average  rate  per  mile,  9.25  feet. 

34.  Hard  Book  Point  (55.&  miles  from  Riparia).— A  landmark  known  to  all  liyer 

men. 

85.  Oauge  Tiland  (55.8  miles  Arom  Riparia). — A  oohhlestone  island  two-thiids  of  s 
mile  long,  Iving  on  the  left  side  of  the  channel.  At  the  npper  end  of  the  island  is  s 
shoal  carrying  7  feet  of  water. 

86.  Five-Mile  Bapid  (60.62  miles  from  Riparia). — ^This  is  short  and  rongh,  with  veiy 
strong  current.  Length,  0.44  mile;  fall,  4.33  feet,  an  average  rate  of  9.84  feet  per 
mile.  This  ohstmction  is  formed  hy  a  low  reef  which  extends  across  the  river,  s 
distance  of  1,700  feet.  The  channel  passes  through  the  center  of  this  reef.  On  thii 
rapid  is  the  roughest  water  seen  on  the  river.  The  depth  is  ample.  Future  improf«- 
ment  should  he  directed  to  widening  the  chute  in  order  to  reduce  the  slope  snd 
velocity  of  the  current,  hut  no  improvement  is  now  considered  necessary.  The  work 
done  by  the  Government  at  this  point  is  as  follows: 

1878.  401. 32  cubic  yards  removed  at  a  cost  of 16,217.16 

1883.    22. 02  cubic  yards  removed  at  a  cost  of 275.50 

423.34  cubic  yards  removed  at  a  cost  of 5^492.66 

87.  Bapid  No,  tt  and  head  of  Deane  Uland  (61.85  miles  from  Riparia). — ^The  river  st 
this  point  has  a  width  of  1,570  feet,  and  is  divided  by  a  large  island,  known  locally 
as  Deans  Island,  into  two  channels.  The  right  channel  is  shoal  and  is  not  navigable 
at  low  water.  Rapid  No.  22  lies  in  the  left  channel  at  the  head  of  the  island.  It 
has  a  length  of  0.2  mile  and  falls  in  that  distance  1.79  feet,  or  at  an  average  rate  of 
8.95  feet  per  mile.  This  riffle  has  two  channels ;  the  one  on  the  left  carries  the  deeper 
water,  6  feet  being  the  least  depth  found.  The  bottom  is  rocky  and  ineguiar.  A 
number  of  bowlders  and  rock  points,  aggregating  probably  140  cubic  yaards,  should 
be  removed.  Estimated  cost  of  improvement :  140  cubic  yards,  at  $5  per  cubic  yard, 
1700. 

The  work  previously  done  by  the  Government  at  this  point  consisted  in  the  removal 
of  rock  points  and  bowlders  in  1883,  amounting  to  26.76  cubic  yards,  at  a  cost  of 
$309.88. 

38.  Bapid  No,  tS.—Perinea  Defeat  (63  miles  from  Riparia). —This  rapid  has  a  length 
of  0.4  mile,  and  a  fall  in  that  distance  of  3.2  feet,  or  at  an  average  rate  of  8  feet  per 
mile.  There  is  an  open  channel  with  ample  depth.  The  very  strong  current  is  tlu 
only  impediment  to  navigation.    No  improvement  necessary. 

39.  AinstDortk  Bar  (64.6  miles  from  Ripsria). — ^This  is  a  long  diagonal  bar,  extend- 
ing from  the  lower  end  of  Desins  Island  on  the  right  to  the  left  bank,  a  distanee  of 
about  1  mile.  A  depth  of  3  feet  of  water  was  found  across  this  bar.  The  oon- 
■truction  of  a  stone  dike  1,400  feet  long,  from  the  left  bank  to  the  bar,  would  benefit 
navigation  at  this  point  by  deepening  the  water  on  the  bar.  Estimated  cost  of 
improvement,  1,400  linear  feet  of  stone  dike,  at  $4.50  per  linear  foot,  $6,800. 

40.  Ainneorih  Bridge  (65.3  miles  from  Riparia). — A  steel  bridge  of  7  spans.  TiM 
channel  is  close  to  the  right  bank.    Width  of  drawspan  in  clear,  153  feet. 

41.  Bapid  No,  24  (above  mouth  of  river,  66.4  miles  from  Riparia). — ^This  rapid  hai 
a  length  of  0.17  mile  and  a  fall  of  2.8  feet,  or  at  an  average  rate  of  16.47  ieet  ptf 
mile.  This  rapid  lies  in  the  channel  to  the  left  of  the  bar  island  at  the  month  of 
the  river.  Least  depth  of  water  found  was  4^  feet.  There  are  no  apparent  obstm^ 
tions.  The  channel  to  the  right  of  the  bar  island  carries  about  2  feet  of  water,  with 
numerous  bowlders  obstructing  the  channel.  This  was  formerly  the  channel,  out  ii 
now  uunavi gable. 

42.  Mouth  of  Snalce  Biver.—A%  Junction  of  main  channel  with  the  Colnmbia,  66.7 
miles  from  RiparlA. 
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IMPROVEMENT  OF  LOWER  COLUMBIA  RIVER,  OREGON  AND  WASHING- 
TON, OF  WILLAMETTE  AND  YAMHILL  RIVERS,  OREGON,  AND  OF  COW- 
LITZ RIVER,  WASHINGTON. 


BBPOBTOFMAJ.  W,  L,  FI8K,  CORPS  OF  ENGINEER!^,  OFFICER  IN  CHARGE, 
FOB  THE  FISCAL  YEAR  ENDING  JUNE  SO,  1898,  WITH  OTHER  DOCU- 
MENTS BELATING  TO  THE  WORKS. 

IMPROVEMENTS. 


1.  Willftmetto  River,  above  Portland,  and 

Yamhill  River,  Oregon. 

2.  Colombia  and  Lower  Willamette  riv- 

ers, below  Portland,  Ore^. 

3.  Columbia  River, Oregon,  below  Tongue 

Point. 


4.  Month  of  Colombia  River,  Oregon  and 

Washington. 

5.  Cowlitz  River,  Washington. 

6.  Gauging  waters  of  Columbia  River, 

Oregon  and  Washington. 


7.  Seappoose  Bay  and  Creek,  Oregon. 

8.  Long  Tom  River,  Oregon. 


XZAMINATION8. 

I  9.  Santiam  River,  Oregon. 


10.  Clatskanie  River,  Oregon. 

11.  Willamette   River,  opposite   Salem, 

Oreg. 


SURVBTS. 

12.  Tnalitin  River,  Oregon. 


United  States  Engineer  Office, 

PorUandj  Oreg.j  July  29y  1898. 

Oeicebal:  I  have  the  honor  to  sabmit  herewith  annnal  report  on 
the  works  of  river  and  harbor  improvement  in  my  charge  for  the  fiscal 
year  ending  Jane  30, 1898. 

Very  respectfolly,  yoor  obedient  servant, 

W.  L.  FiSK, 
Captain^  Corps  of  Ungineen. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  tf.  8.  A. 


U  U  I. 

DIPEOVINa  WILLAMETTE  RIVER  ABOVE  PORTLAND,  AND  TAMHILL 

RIVER,  OREGON. 

Appri^ved  projeetn — ^The  present  project  is  an  extension  of  the  project 
of  1892  (see  Annnal  Report  of  the  Chief  of  Engineers  for  1897,  Part  I, 
p.  607),  and  contemplates  the  improvement  of  the  Willamette  Rv^^^t 
jOHGt  98—190  ^«» 
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firom  Portland  to  Eagenefestiroated  cost,  (131,697),  and  tlieconstraction 
of  a  lock  and  dam  in  the  Yamhill  Biver  (estimated  cost^  $69,000).  All  of 
the  fnnds  have  been  appropriated. 

OPERATIONS  FOR  THB  FISOAL  TEAR  1898, 
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Willamette  River. — ^Operations  by  the  snag  boat  and  crew  were  carried 
on  during  the  entire  year. 

Up  to  November  work  was  confined  to  the  stretch  of  river  between 
the  month  of  the  Yamhill  River  and  Gorvallis,  and  besides  removing 
numerous  snags  and  overhanging  trees,  dams  were  constructed  at  Black 
Dog  Bar,  Bices  Bar,  head  of  Lamberts  Slough,  Lamberts  Bend,  Mathe- 
neys  and  Lincoln  bars. 

In  November  and  December,  the  stage  of  water  being  iavorable  for 
navigation  on  the  extreme  upper  part  of  the  river,  work  was  confined 
largely  to  snagging  bet  ween  Salem  and  Eugene;  547  snags  were  removed 
from  the  channel. 

In  January  the  work  of  permanent  improvement  was  resumed,  opera- 
tions being  confined  to  that  part  of  the  river  between  Eugene  and  Davis 
Ghute  (about  8  miles).  Dams  were  constructed  at  Skinners  Bar,  Davis 
Chute,  Scatteras  Bar,  and  the  mouth  of  the  McKenzie  River.  This 
work  was  finished  in  March,  and  the  snag  boat  then  dropped  down  to 
Harrisburg,  removing  all  troublesome  snags  on  the  way,  and  continuing 
snagging  untU  Gorvallis  was  reached,  about  May  15.  Four  hundred  aod 
fifty-one  snags  were  removed. 

At  Matheneys  Bar,  57  miles  above  Portland,  and  the  shoalest  place 
below  Gorvallis,  a  dam  700  feet  in  length  was  begun  the  latter  part  of 
May  and  completed  in  June.  Some  repairs  were  also  made  to  the 
deflecting  dike  built  at  the  upper  end  of  this  shoal  in  September.  There 
is  already  an  increased  depth  at  this  point. 

At  the  close  of  the  fiscal  year,  the  river  being  practically  free  of  all 
snags,  and  with  the  increased  depth  over  the  shoal  places  as  a  resoK 
of  the  permanent  works,  the  channel  from  Portland  to  Eugene  is  is 
£a>r  better  condition  than  it  ever  has  been. 

All  of  the  dams  were  located  and  built  with  a  view  to  making  tf 
nearly  as  possible  permanent  improvement  of  the  river,  and  wherevff 
such  works  were  constructed  beneficial  results  have  been  obtained. 

For  the  method  of  constructing  the  dams  and  for  other  interestin; 
details  reference  is  invited  to  the  report  herewith  of  Mr.  David  B. 
Ogden,  assistant  engineer,  in  immediate  charge. 

Yamhill  River, — Present  low- water  navigation  extends  to  Dayton  (5 
miles).  This  reach  was  thoroughly  snagged  in  September,  and  a  4*fi)ot 
depth  opened  through  the  shoal  at  the  mouth,  which  is  formed  eacb 
year  by  a  deposit  from  the  Willamette  River. 

A  contract  was  made  with  Messrs.  Normile,  Fastabend  &  McGregor, 
of  Astoria,  Oreg.,  under  date  of  March  11, 1898,  for  the  completion  of 
the  lock  and  dam  in  the  Yamhill  Eiver  near  Lafayette,  Oreg.,  in  accord- 
ance with  the  approved  plans  and  specifications.  The  contract  was 
approved  by  the  Chief  of  Engineers  March  24, 1898,  and  provides  that 
the  whole  work  shall  be  completed  on  or  before  December  31, 189& 

Some  delay  was  caused  in  procuring  the  necessary  land  and  tittos 
thereto,  this  being  finally  arranged  and  the  land  purchased  (2^  acres)' 
Active  operations  commenced  in  May. 

At  the  close  of  the  year  the  keeper's  dwelling  was  about  two-tbirds 
finished,  the  excavation  at  Martins  Shoal,  below  Lafayette,  had  bees 
completed,  and  work  on  the  look  proper  commenced* 
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A  cofiferdam  constracted  of  round  piles  and  sheeting,  with  an  8-foot 
clay  core,  is  about  three-fourths  completed,  and  it  is  expected  to  begin 
pumping  out  the  lock  pit  about  July  15.  The  excavation  for  land  wall 
has  been  carried  on  ^ith  teams  and  scrapers  and  the  bank  is  now  cut 
away  to  the  level  of  present  water  surface  and  will  be  completed  after 
lock  pit  is  pumped  out.  A  Lancaster  dredge  has  been  at  work  inside 
the  cofferdam  and  much  of  the  lock  pit  is  down  to  grade.  About 
9,000  cubic  yards  of  earth  have  been  removed  to  date,  and  it  is  esti- 
mated that  an  additional  5,000  cubic  yards  will  complete  the  excavation. 

The  amount  of  excavation  will  more  than  double  the  approximate 
estimate,  in  that  the  bank  has  been  found  to  contain  a  much  greater 
X>ercentage  of  sand  than  was  first  indicated,  and  hence  it  became  neces- 
sary to  greatly  flatten  the  slopes,  carrying  same  much  farther  back  into 
the  bank. 

The  total  amount  of  the  contract,  based  upon  an  approximate  estimate 
of  quantities  at  time  of  receiving  bids,  was,  in  round  numbers,  (60,000, 
and  included  the  construction  of  lock,  dam,  and  keeper's  dwelling,  and 
the  excavation  of  a  4-foot  channel  through  Martins  Shoal,  about  1  mile 
below  the  lock. 

A  revised  estimate  of  the  quantities  on  account  of  increased  excava- 
tiouy  figured  on  the  basis  of  the  contract  prices,  aggregates,  in  round 
figures^  $65,500,  but  as  the  estimated  cost  was  (69,000  this  figure  is 
well  within  the  limit. 

This  work  is  also  in  immediate  charge  of  Mr.  David  B.  Ogden,  assist- 
ant engineer. 

Money  statement. 

July  ly  1897,  balance  unexpended $182,546.26 

June  90, 18^,  amonnt  expended  during  fiscal  year 36, 103. 66 

July  1, 1896,  balance  unexpended 146^442.60 

July  1,1898,  outstanding  Habilities $8,520.31 

July  1, 1898,  amount  covered  by  uncompleted  con  tracts 50, 912. 32 

69, 432. 63 

July  1, 1898,  balance  arailable 87,009.97 


AppropriatianB, 


Act  of— 

March  3,1871 $16,000 

Marcb3,1873 3,000 

June23,1874 7,500 

March  3, 1875 25,000 

August  14, 1876 20,000 

June  18. 1878 20,000 

March  3, 1879 12,000 

June  14,1880 12,000 

March  3. 1881 15,000 

August  2, 1882 5,000 

July  5, 1884 10,000 

August  6, 1886 10,000 

August  11, 1888 29,000 


Act  of— 

September  19, 1890 $11,000 

July  13, 1892  (of  which  $3,000 
was  allotted  to  Yamhill 
River) 80,000 

Aa^ust  18,  1894  (of  which 
$2,000  was  allotted  to  Yam- 
hillRiver) 28,000 

June  3, 1896  (Willamette  and 
Yamhill  rivers) 40,000 

June  4. 1897  (Willamette  and 
Yamiiill  rivers) 160,000 

Total 448,600 
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vroposaUfar  eonstrueting  loch  and  dam  in  Tamhill  River,  Oregon,  optm^d  V§ 
W»  L.  FUk,  Corps  of  EngineerB,  at  It  o^elook  m.  am  Februarg  10, 1898. 


Kaaie  and  addroM  of  bidder. 
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ttravth,  David  A  Paqaet,  PortlaDd, 
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NonnUe,  Fastabend   Sc   McGregor, 

Astoria,  Oreg 
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Kame  and  addreaa  of  bidder. 


W.  L.  Praiher,  1r.,  Oakland,  Gal 

Pugb  it  Gray.  Salem,  Oreg 

Smyth,  David  ft  Paquec,  Portland, 
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Norm  lie,  Fastabend    ft    McGregor, 

Astoria,  Oreg 
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6 

e 


5.« 

5.41 
6.18 


■ 

I 


$63,8n.« 
60,95«.K 

66,37I.N 

50. 918. « 
61,176.31 

6B,n3.il 


GoDtraot  awarded  to  Noimile.  Pastabend  &.  McGregor,  and  executed  under  date 
of  March  11, 1896. 


OOMTRACT  IK  FORCX. 


The  only  contract  in  force  on  this  work  was  made  with  Messrs.  Nonnile,  Pastabend 
&.  McGregor,  of  Astoria^  Oreg.,  and  was  approved  March  24, 1898.  It  provides  that 
work  should  be  begun  within  ten  days  from  time  of  notification  that  the  necessary 
land  had  been  secured  and  completed  on  or  before  December  31, 1898.  Workonthii 
contract  began  in  May,  1898. 


COMMERCIAL  STATISTICS. 


/ 


A' 


These  rivers  are  in  the  collection  district  of  Willamette.  The  port«  of  entry  an 
Portland  and  Astoria,  Oreg.  The  nearest  light-house  is  at  the  mouth  of  the  Colam- 
bia  River. 

The  following  statement  of  traffic  on  the  Willamette  River  above  Portland  bas 
been  compiled  from  reports  of  the  various  steamers  and  transportation  companies 
doing  business  on  this  part  of  the  river  daring  the  year  ending  December  31, 1897. 
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Tons. 

Wool 626 

Merohandise 58,825 

Sand  and  gravel 75, 000 

Stone 20,163 

Fish 122 


Tons. 

Grain 13,173 

Piles  (1,434  linear  feet) 22 

Lumber  (1,540,572  feet  B.  M.) . . .  2, 310 

Logs  (7,116,779  feet  B.  M.) 17, 792 

Cattle  and  hones 293 

8heep  and  hogs 155 

Coal 140 

Passengers  carried,  nnmber,  87,960. 

The  oanal  and  looks  at  Oregon  City  overcoming  the  falls  of  th^  Willamette  River  are 
owned  and  operated  by  the  Portland  General  Electric  Company,  and  the  following 
is  a  statement  for  the  year  ending  December  31, 1898,  of  the  traffic  passing  through 
them: 


Total 186,621 


Grain tons..  6,383^ 

Floor  and  mill  stuff do. ..  6, 893| 

Coal do...  293 

Wool do...  1,1061 

General  merchandise. .  .do. ..  16, 838^ 

Potatoes do...  2,767 

Paper  stock do...  1,041 

Pulp do...  2,249f 


Paper tons. 

Piles linear  feet. 

Lumber feet  B.  M . 

Logs do.. 

Wood cords. 

Passengers number. 

Cattle  and  horses do. . 

Sheep  and  pigs. ...... ..do.. 


17,394i 

24,630 

1, 811, 476 

7, 443, 612 

2,263i 

2€^a54 

515 

2,531 


REPORT  OF  MR.   DAVID  B.   OGDEN,   ASSISTANT  ENGINEER. 

Portland,  Oreo.,  July  1, 1898. 

Captain:  I  have  the  honor  to  submit  the  following  report  of  operations  on 
improving  Upper  Willamette  River,  Oregon,  for  the  year  ending  June  30,  1898: 

The  work  on  the  Upper  Willamette  has  beeu  contined  to  the  stretch  of  river  between 
Eugene  and  the  moutn  of  the  Tamhill,  a  distance  of  130  miles,  and  has  coosisted  of 
dam  construction  at  various  shoals  and  the  removal  of  snags  from  the  channel. 

During  the  early  part  of  the  year  dams  were  constructed  at  Black  Dog  Bar,  Rices 
Bar,  head  of  Lamberts  Slough,  Lamberts  Bend,  Matheneys  Bar,  and  Lincoln  Bar. 
These  dams  are  of  piles,  brush,  stone,  and  gravel,  and  aggregate  in  length  about 
3,400  feet. 

During  November  and  December  the  stage  of  water  was  favorable  for  navigation 
on  the  extreme  upper  end  of  the  river,  and  operations  at  this  time  were  contined 
largely  to  snagging  between  Salem  and  Eugene,  and  547  snags  were  removed  from 
the  channel  during  the  two  months. 

In  January  the  work  of  permanent  improvement  was  again  resumed  in  the  vicinity 
of  Eugene,  and  during  the  first  four  months  of  the  calendar  year  dams  were  con- 
structed at  Skinners  Bar,  Davis  Chute,  Scatteras  Bar,  and  mouth  of  Mackenzie  River, 
Aggregating  a  total  length  of  about  3,800  feet.  During  the  latter  part  of  March, 
April,  and  tirst  half  of  May  operations  were  confined  almost  exclusively  to  snagging 
the  33  miles  of  river  between  Harrtsburg  aud  Corvallis,  and  451  snags  were  removed. 

From  an  examination  of  the  river  during  the  middle  of  May  it  was  found  that 
Matheneys  Bar,  57  miles  above  Portland,  was  the  shoalest  point  below  Corvallis, 
there  being  but  2\  feet  on  the  bar  at  a  3-foot  stage,  and  boats  were  already  experi- 
encing trouble  in  crossing.  The  river  here  is  about  700  feet  in  width  and  is  diviiled 
into  two  channels  by  a  narrow  gravel  island  at  the  center,  and  it  was  thought  advis- 
able to  confine  the  river  to  one  channel ;  hence,  during  the  month  of  June  a  pile, 
brush,  and  gravel  dam  was  constructed  across  the  head  of  the  right-hand  channel. 
While  at  this  date  the  dam  has  Just  been  completed,  already  beneficial  results  are 
noticeable  in  an  increased  depth  of  a  foot  or  more  over  the  entire  shoal. 

Repairs  are  now  being  made  to  the  defiecting  dike  built  September  last  at  upper 
end  of  Matheneys  Shoal,  and  a  closing  dike  about  500  feet  long  is  also  under  oon- 
Btruction  at  the  head  of  Lamberts  Sloagh. 

The  general  plan  of  dam  in  use  on  the  Upper  Willamette  is  shown  upon  the  tracing 
sooompanying  this  report,  and  the  method  of  construction  is  as  follows : 

Two  rows  of  fir  piles  are  driven  to  a  depth  of  12  feet  or  more  on  parallel  lines  6 
feet  apart,  the  piles  in  each  row  being  8  feet  apart.  Crosspieces,  generally  2  by  6 
inches  by  10  feet,  are  spiked  to  each  pair  of  piles  about  6  inches  ahove  surface  of 
water,  and  upon  these  are  placed,  longitudinally  with  dam  and  next  the  piles,  poles  4 
to  6  inches  diameter  and  18  feet  in  length,  the  crosspieces  and  poles  fonuiug  a  tem- 
porary support  for  the  brush  mattress.  Brush  fascines,  9  to  12  inches  diameter  and 
16  to  20  feet  in  length,  are  laid  upon  the  poles  at  right  angles  to  the  line  of  dike, 
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nsoally  in  from  4  to  6  layers,  and  onMSwiao  npon  these,  both  inside  and  outside  the 
TOWS  of  piles,  are  laid  several  additional  layers;  then  follow  from  4  to  6  more  layers 
placed  as  at  first.  Uniformly  over  the  mattress  thus  formed  is  placed  snfficient 
gravel,  in  sacks,  to  thoroughly  weight  the  whole,  after  which  an  additional  amomit 
of  gravel  is  dumped  upon  the  mattress  at  its  upper  or  shore  end,  which  causes  the 
cross  bracing  beneath  to  break,  allowing  the  end  to  sink  into  place  and  exert  a 
downward  pressure  on  the  adjacent  braces,  which  give  way  in  immediate  snecession, 
allowing  the  whole  mattress  to  sink  into  olace  in  a  few  minutes'  time. 

This  method  of  placing  the  mattress  has  oeen  adopted  from  experience,  in  that  it 
prevents  the  continual  scouring  around  the  head  of  the  mattress  during  construc- 
tion. After  the  sinkins  of  the  mattress  the  space  between  the  rows  of  pues  is  filled 
with  fascines  laid  longitudinally  to  a  height  of  several  feet  above  low  water,  and  the 
whole  is  then  thoroughly  weighted  with  sacked  and  loose  gravel  and  the  filling  addi- 
tionally held  in  place  by  6  to  8  inch  diameter  cross  braces  spiked  to  the  upper  side 
of  each  pair  of  piles.  A  waling  piece  8  by  10  inches  in  diameter  is  bolted  on  the 
inside  of  the  lower  row  of  piles,  the  bottom  resting  on  the  cross  braces.  The  piles 
are  cut  off  level  with  the  top  of  wale. 

In  deep-water  dams  or  in  those  where  action  of  currents  has  to  be  strongly  resisted, 
rook  in  pieces  ttom  26  to  150  pounds  is  used  in  lieu  of  sacked  gravel  for  final 
weighting. 

At  places  where  the  water  is  shoal,  deflecting  dikes  are  at  times  constructed  of 
brush  and  sacked  gravel  without  the  use  of  piles. 

Illustrative  of  the  changes  that  take  place  on  the  Upper  Willamette  from  season 
to  season  two  sketches  of  the  river  in  the  vicinity  of  Lamberts  Bend,  52  miles  above 
Portland,  are  herewith  submitted.  These  show  the  condition  at  the  time  of  survey, 
May,  1893,  and  at  the  present  date.  As  will  be  seen,  the  naTig^ble  channel  at  this 
place  has  shifted  from  one  side  of  the  river  to  the  other,  and  where  formerly  at  low 
water  there  was  a  gravel  bar  6  to  8  feet  in  height,  there  is  now  from  6  to  8  feet  of 
water.  Such  chan^  take  place  in  the  channel  all  along  the  Upper  Willamette,  is 
consequence  of  which  it  would  seem  impracticable  to  outline  any  definite  plan  of 
improvement  for  future  operations.  While  the  work  has  been  carried  on  nearly  in 
line  with  the  approved  project,  it  has  in  some  localities  been  found  unnecessary  to 
build  the  dams  therein  outlined,  in  that  the  river  itself  has  assumed  favorable  con- 
ditions, while  at  other  localities  unlooked-for  shoals  have  formed  and  additions! 
work  has  been  necessary. 

The  work  of  snagging  is  constant  and  necessary,  and  a  very  noticeable  lack  of 
snags  is  seen  in  the  stretch  of  river  below  Salem  during  the  present  low- water  sea- 
son, because  of  the  effective  operations  of  the  snag  boat  during  high-water  season  on 
the  upper  river. 

Steamboat  captains  running  on  the  river  report  it  to  be  in  better  condition  then 
ever  before,  considering  the  present  low  stage  of  water.  The  river  at  this  time  is  it 
a  stage  of  1.5  feet  above  extreme  low  water,  and  daily  trips  are  being  made  from 
Portland  to  Salem  and  Corvallis. 

A  summary  of  the  work  done  by  the  snag  boat  and  plant  during  the  year  is  ai 
follows : 

Snags  removed 1,269 

Miles  run 1,678} 

Cords  wood  consumed,  including  pile-driver  supply 465 

The  average  monthly  cost  of  operating  snag  boat  is  about  $1,150. 

Tabulated  $taiement  showing  the  looatitm  of  dam$  oomtruetod  in  iho  WUlt^puite  Biter 
during  the  fiscal  year  1898,  giving  the  length,  total  ooet,  and  the  quantiUee  of  wuLttriei 
and  labor  used  in  their  oonslruotion. 


Length  of  d«m feet.. 

Pilei* iJDear  feet.. 

Brush cords.. 

StriDgers linear  feet.. 

Grave] saoka.. 

Loose  gravel tons.. 

Rock do.... 

Iron pounds.. 

Lumber feet  B.  M.. 

Baling  rope pounds.. 

Labor days.. 


Black 
Dog. 


700 
2,203 

308 

700 
8,400 

200 


200 


400 
254 


Stcea. 


600 
1.600 
100 
876 
426 
160 
60 
100 


100 
128 


Mathe- 
neya. 


860 


110 


430 
200 
105 


100 
185 


Lam- 
berts 
Bend. 


1,100 

2,600 

652 

600 

2,150 

1,850 

415 

200 


500 
572 


Lam- 

berto 

Slough 


UO 
840 
110 
110 


840 

140 

40 


M 
143 


Linoola 
(2). 


600 

1,000 

220 

d7G 


800 

820 
100 


SUa- 


1,880 


BsTis 

Chnta. 


no 
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8.1« 
2.«i 

7M 


'lijU^^j^^^g^f^/ 
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Tdhulated  9tatemeni  9h<nDing  the  location  of  dams  oonstrueted  in  the  Willamette  River 

during  the  fieoal  year  1898,  etc, — Continued. 


Scat- 
teraa. 

McKen- 
Biea. 

^athe- 

nej's 

No.  2. 

Mathe- 

neya 

No.l, 

repairs. 

Lam- 
berts 
Na2. 

Total 

Cost 

per 

nnit. 

Total 
cost. 

Length  of  dam feet.. 

PIIm linear  feet . . 

925 

930 

1,023 
4,206 
600 
1,2:34 
5,000 
-    500 

100 
68* 

50 
2,800 

8,378 
25,769 
4.059 
6,894 
12,150 
6,540 
8.089 
1,590 
1,750 
4,350 
5.121 

$0.04 

f  1. 080. 76 

Smsh  ................... .oorda . . 

Rtrln imm ...... .linear  feet. . 

.024 
.03} 

160.00 

Oravel .....aAokii.. 

425.25 

Loom irravel ............ ..tons.. 

400 

Book .....do.... 

.93 

.05 

10.00 

.08 

1.75 

2, 872. 77 

Iron....... .....nonnds.. 

250 

1,750 

900 

823 

79.50 

Lnmber feet  B.  M. . 

17.50 

BallniF roTM)  .......r.^-.ri>onndB^. 

100 
71 

49' 

358.00 

Labor ....dava.. 

8, 961. 75 

Total  cost,  8,878  linear  feet 
dam 

13, 905. 53 

In  the  hoars  of  labor  given  in  table  the  time  of  the  snag  boat's  crew  is  not 
included,  and  it  is  fair  to  assume  that  one-half  should  be  charged  to  dam  construc- 
tion, which  would  make  the  total  cost  of  8,378  linear  feet  of  dam  $20^850.53,  or  $2.49 
per  linear  foot. 
Kespectfully  submitted. 

David  B.  Ogden, 
As9ietant  Engineer, 
Capt.  W.  L.  FiSK, 

Corps  of  Engineers,  U.  S,  A, 


U  U   2. 

IMPROVEMENT  OF  COLUMBIA  AND  LOWER  WILLAMETTE  RIVERS,  BELOW 

PORTLAND,  OREGON. 

Approved  project. — Tho  project  of  1877,  providing  for  a  20-foot  chan- 
nel, was  extended  in  1891  (Board  of  Engineers,  October  14,  1891)  to 
provide  for  a  low- water  channel  of  25  feet  Irom  Portland  to  the  sea, 
estimated  cost  $772,464,  and  the  Port  of  Portland,  a  corporation  exist- 
ing under  the  laws  of  the  State  of  Oregon,  was  granted  permission 
to  assist  in  carrying  it  into  execation. 

OPERATIONS  FOB  THE  FISOAL  TEAR  1898. 

The  work  dnring  the  year  has  consisted  entirely  of  dredging  by  the 
hydranlic  dredge  W.  8.  Ladd.  No  works  of  a  permanent  character 
were  constructed,  as  the  funds  available  were  sufficient  only  for  dredg- 
ing to  maintain  the  depth  already  obtained. 

The  dredge  was  transferred  from  the  improvement  below  Tongue 
Point  on  August  8,  after  which  work  was  confined  to  the  general 
improvement,  and  daring  the  year  373,089  cubic  yards  of  material 
were  removed  from  the  various  bars  and  shoal  places  in  the  Columbia 
liiver. 

On  March  28,  the  season  of  high  water  being  close  at  hand,  the  dredge 
was  brought  to  Portland  and  laid  up  for  extensive  repairs. 

The  Port  of  Portland  operated  its  bucket  dredge  during  most  of  the 
year  and  removed  185,300  cubic  yards  of  material.  Of  this  amount 
63,000  cubic  yards  were  taken  from  bars  in  the  Willamette  River  and 
the  balance  from  Hunters  Point  Bar,  Columbia  River.  Having  pur- 
chased the  right  to  use  the  Bowers  patents  on  the  Columbia  and  Lower 
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Willamette  rivers,  the  Port  of  Portland  has  constracted  a  20-iQoh 
dredge  of  that  pattern.  It  was  completed  and  put  to  work  in  J  one. 
The  total  cost  of  this  dredge,  with  1,000  feet  of  discharge  pipe,  was 
$44,754. 

The  wheat  crop  of  1897  was  the  largest  ever  harvested  in  the  North- 
west, and  the  season  jnst  closed  has  been  remarkable  for  the  large  nam- 
ber  and  size  of  cargoes  passing  down  the  Oolnmbia.  Little  delay  or 
inconvenience  to  this  fleet  was  experienced,  bnt  the  annual  fi-eshet, 
which  is  now  on,  will  again  fill  up  the  shoal  places  and  dredging  will 
be  necessary. 

In  view  of  the  importance  of  this  waterway  and  the  increasing  traffic, 
due  to  the  Alaska  trade  and  the  enormous  yearly  wheat  yield,  the  con- 
Btrnction  of  a  dredge  of  greater  capacity  is  urgently  recommended. 
A  new  dredge,  with  the  one  now  in  use,  working  in  conjanction  with 
the  Port  of  Portland,  will  greatly  aid  in  secaring  and  maintaining  the 
proposed  25>foot  channel,  and  the  aid  to  commerce  demands  that  it  be 
built. 

The  report  of  Mr.  Bobert  Warrack,  assistant  engineer,  in  immediate 
eharge  of  the  work  during  the  year,  is  herewith,  and  rofc^'ouce  to  it  is 
invited  for  interesting  details. 

Money  statement 

July  1, 1897,  balance  unexpended ^......  ......  ^77,040.71 

Jane  90, 18^  amount  expended  daring  fiscal  yuar 22,379.00 

July  1, 1898,  balanoe  unexpended 54,661.71 

July  1, 18i^  outstanding  liabUitiee 79B.00 

July  1, 1898, balance  available 53,862.71 

{Amount  ^estimated)  required  for  completion  of  existins;  project 4*12, 464. 00 
Amouuttnatcan  beprofitablyexpeudedinfiscalvear  ending  June  30,11^  000,000.00 
Submitted  in  compliauce  vnth  requirements  ox  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  Jane  4^  18^. 


Appropria  tions. 

Lower  Willamette,  act  of— 

Jnne23,1866 115,000 

March  2, 1867 SO,  000 

July  25. 1868  (allotted) 21,000 

April  10, 1869  (aUotted) 13,366 

July  11.1870 J1,000 

.     June  10,1872 50,000 

I^firer  Willamette,  from  Portland  to  the  sea,  act  of-  - 

March  3,1873 80,000 

June28,1874 20,000 

March3,1875 20,000 

August  14, 1876 20,000 

June  18,1878 80,000 

March3,1879 45,000 

^'^er  Willamette  and  Oolpaibia,  trr^m  Portland  to  Mie  aea,  inolad- 
ing  bar  at  tne  laon^h  of  tb'j  Columbia,  act  of— 

J-anel4,1880 45,000 

MafciiAi881 45,000 

An^a»ti;l882  .... 100,000 


-   $360^865 


155,000 


190^000 
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Columbia  and  Lower  Willamette,  below  Portland,  Oreg.,  aot  of— 

July  6, 1884 $100,000 

Angn8t5,1886 75,000 

AuKnet  11, 1888 ...  100,000 

September  19, 1890 100,000 

Jnlyl3,1892 150,000 

Angnat  IC^  1894 50,000 

June  3,1896 100,000 

$675,000 

Total 1,180,365 


COMMBRCIAL   STATISTICS. 

This  work  is  in  the  oollection  district  of  Willamette  and  Orej^on.  The  ports  of 
entry  are  Portland  and  Astoria,  Oreg.  The  nearest  light-house  is  at  the  mouth  of 
the  Columbia  River. 

ArtivaU  and  olearance9  of  vessels  at  Astoria,  Oreg,,  during  the  year  ending  December  SI, 

1897. 

[From  ooUeotor  of  oiuioma  *t  Astorift.] 


YdmaIs. 

Coastwise. 

Foreign  ports. 

TotaL 

Number. 

ToDnage. 

Number. 

Tonnage. 

Number. 

Tonnage. 

ArrlTod 

473 
410 

S57.567 
834,601 

106 
116 

172,045 
182,812 

670 
526 

629,612 
616.018 

Cleared 

ToUl 

883 

692.168 

222 

854,357 

1,105 

1,046,526 

Commerce  for  the  year  ending  December  SI,  1897, 

Value  of  exports $268,302.00 

Value  of  imports 145,047.00 

Duties  collected 103,861.75 

The  exports  include  5,107  tons  of  wheat,  13,475  cases  of  salmon,  and  7,227  tons  of 
lumber. 

The  principal  items  of  import  were  2,837  tons  of  tin  plate  and  3,207  tons  of  coal. 

ArtivaU  and  clearances  of  vessels  at  Portland,  Oreg,,  during  the  year  ending  December  SI, 

1897, 

[From  ooUeotor  of  costoms  at  Portland.] 


Yeaaels. 

Coastwise. 

Foreign  ports. 

Total. 

Namber. 

Tonnage. 

Number. 

Tonnage. 

Namber. 

Tonnage. 

Arrived 

220 

158 

288,070 
172,065 

27 
06 

42.384 
156. 134 

247 
240 

880,468 
828,000 

Cleared 

Total 

878 

461,044 

123 

186,518 

406 

660.50 

Commerce  for  year  ending  December  SI,  1897. 

Valneof  exports  to  foreign  countries $7,202,223.00 

Value  of  imports  from  foreign  countries 1,469,531.00 

Datiea  collected 2,268^229.70 


'  i: 


r' 
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C^mpmrmfUm  iiaimmmt  0/  8kipm§mU  of  whsai  mnd  JUmr  frvm  Portiand  for  tktfaiim 


T«ar  ending— 


1888.. 
1888.. 


1881 


1883. 
DM-tl- 


18iM. 
1886 
1898 
1887 


When*. 

Hoar. 

TMri. 

Tons. 

Am. 

fmi. 

223,  Ut 

84,411 

»,9I 

102,481 

86,881 

S7.W 

104,888 

58.8a 

157.171 

207,581 

81,888 

zn.45« 

227,406 

68,987 

ma'j 

180.807 

57,906 

319,  sa 

207,827 

56,908 

9B.S9 

244,406 

45,464 

9B,ffil 

276,673 

65, 998 

uLtm 

243, 2tt 

77,8SS 

ai.i» 

208.062 

8^799 

3M,M 

StaUmeni  of  principal  airHelo9  9hippfd  from  and  reoeivod  at  Portland  hy  d^p-ita  Mwb 
during  tko  calendw  yoar  1897,  coaotwioe  trade  not  weluded. 


\ 


ArUdM. 


Flonr 

Wheat 

Canned  eelmon 

Timber 

Steel  nils 

Wiienelle 

Baw  cotton  — 

Total .... 

Cement 

Coal  and  ooke.. 
Salt 


Tona. 


43,ta 

296,843 

81 

17,007 

964 

846 

758 


290,412 


10,217 

25,879 

3,068 


SBCBIPTB— can  tinned. 

Bioe  and  rice  floor 

Hemp,  manila,  and  Jate 

Glaea 

Sonr 

Sooa,  aoda  ash,  and  oaastie  soda 

Snlphnr 

Tea 

Coffee 

Baw  and  waste  silk 

Tin  and  tin  pUte 

Chloride  of  lime 

Taa« 

Total 


!«■•. 


a 

IS* 
1,1* 

c 

z 

m 

i 

«7,S6 


a  Entered  at  Portland  for  transportation  to  other  pointa. 

NoTB.— Only  a  small  proportion  of  the  wheat  sarploa  flnom  the  harreat  of  1886  was  esnif4  inti 
1897,  while  a  large  surplus  of  the  harrest  of  1897  is  being  carried  over.    Thia  will  aceooDt  Car  (ki     1 
deoreaae  in  1897,  and  will  yery  materially  increase  the  exporta  for  1888. 

The  foUowing  statement  of  traffic  on  the  Colombia  and  Willamette  riven  has  be* 
oomplled  from  reports  of  the  various  steamers  and  transportation  companies  doitf 
business  on  these  rivers  daring  the  calendar  year  1897.  It  inolndes  freight  caniv 
in  coasting  vessels  to  and  (h>m  Portland,  bat  not  that  transported  in  deep-sea  uiliBS 

vessels. 


Tons. 

Grain 43,156 

Piles  (1,520,565  linear  feet)  ...  22, 899 

Lumber  ^40,595,345  feet  H.  M.).  60, 893 

Logs  (146,874,674  feet  B.  M.)  . -  467, 187 

Cattle  and  horses 4,647 

Sheepandhogs 78 

Coal 1,457 

Wool 2,104 


Merchandise 
Fish 

Passeng^ers . . 

Shingles 

Sand  and  gravel 


30,lfiJ 
21,138 

100,882 


Stone 501,  e» 

Total 1,439,3JI 
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Begiatered  tonntige  aver  Columbia  Biver  Bar, 
INWARD  TO  A8I0&IA  AND  PORTLAND. 


Yean. 


1800 
1891 
1892 
1893 
1894 
1895 
1896 
1897 


Deep-seft  sailing  yeaselt. 


Amerloui. 


Num> 
btf. 


8 
7 
16 
10 
22 
81 
12 
18 


Tonnage. 


11,668 
0,964 
21,884 
20,585 
17.230 
22,678 
8,816 
11,093 


British. 


Num- 
ber. 


46 

06 
84 
62 
60 
122 
107 
84 


Tonnage. 


64,028 
124,837 
114,486 

94,108 
114,102 
201,042 
165,850 
146,458 


Other  flags. 


Nam* 
ber. 


2 
7 
6 
8 
9 

20 
8 

17 


Tonnage, 


8,038 

7,826 

7.690 

8,528 

14,470 

80. 115 

10.850 

28,033 


Coaeters. 


Num- 
ber. 


887 
893 
844 

251 
100 
689 
512 
473 


Tonnage. 


883,690 
832,374 
252,170 
188.107 
206,005 
473,4^ 
846,302 
867.567 


TotaL 


Nam- 
ber. 


448 
602 
440 
835 
290 
762 
639 
687 


Tonnage. 


412,324 
474,901 
303. 188 
306,328 
350,816 
r27,268 
531.638 
548,146 


OUTWARD  FROM  PORTLAND  AND  A8T0RLA.. 


1890 
1891 
1892 
1888 
1894 
1895 
1896 
1887 


9 

7 

12 
17 
26 
31 
20 
12 


14,156 
10,849 
18,165 
23,046 
10, 2U 
22,246 
18,863 
8,829 


61 
78 
99 

64 

68 

122 

108 


71,679 
94,490 
180,406 
96,658 
109,893 
209,978 
154,419 
149,189 


2 
6 
6 
6 

9 
14 
12 
14 


8,088 

6,619 

7,332 

6,897 

9,703 

22,776 

16,116 

23,214 


384 
881 
351 
225 
144 
646 
484 
410 


834,226 
331,968 
252,734 
182,076 
150,227 
478,087 
840.446 
824,601 


446 

467 
468 
811 
246 
713 
610 
622 


423,116 
443,921 
408,636 
806.177 
298,067 
733,032 
624,841 
616,881 


SHIPBUILDING. 

There  has  been  a  marked  activity  in  the  constraotion  of  river  and  ocean  going 
craft  the  past  year.  The  Portland  builders  have  all  been  bnsy.  and  besides  making 
extensive  repairs  in  fitting  np  old  boats,  to  meet  the  increased  demand,  a  great  many 
new  ones  have  been  bnilt. 

Wol£f  &  Zwioker,  the  principal  iron-ship  constrnctors.  have  built  2  light-ships, 
practically  completed  2  torpedo  boats,  and  now  have  unaer  construction  1  torpedo- 
Doat  destroyer  and  1  ocean-going  tug. 

Other  builders  have  turned  out  15  stem-wheel  steamers,  2  self-propelling  and  1 
Bowers  dredge,  besides  4  ocean-going  barges. 

The  stem- wheel  steamers  were  mostly  bnilt  for  the  Alaska  trade,  and  some  were 
•bipped  in  a  knocked-down  condition.  The  2  self-propelling  dredges  were  designed 
and  Duilt  for  mining  operations  on  the  Yukon  River. 

JAtt  of  9teamer8  plying  an  the  Upper  Willamette,  Lawer  Willamette,  and  Columbia  rivere, 

Oregon  and  WaehingUm,  during  the  calendar  year  1897. 


Name  of  vesfleL 


Aagasta 

Albany 

Alice  A 

Annarinne .... 

Annie 

Astorian 

Altona 

Alarm 

fiailey  Gatzert 

Braemer 

Brink 

G.  M.  Belshaw. 

Chmby 

Cheater 

Colombia 

Cygnet 

D.SrBaker.... 

DaUesCity.... 

Xdith ......... 

Uyth 


Tone. 

Depth. 

Ft,  In, 

40 

7    0 

401 

6 

3 

125 

234 

2    6 

189 

2    3 

16 

6    0 

444 

8    0 

2,316 

1 

8 

6    8 

48 

98 

1,746 

20    0 

2 

566 

6    6 

206 

7    0 

37 

7    6 

1 

....;... 

20 

4    7 

Name  of  vessel. 


ElHnrd 

Elmore 

Emily  M 

Enterprise 

E.  L.  Dwyer 

Escort  No.  2 

Emma  Hay  ward  . 

Eclipse 

Fannie 

Felida 

George  W.  Elder . 
Greorge  W.  Sliavcr 

Gert^ 

Gov.  Newell 

Grey  Eagle 

gyw 

Hassalo , 

Battle 

Battle  Boll 

BarvestQaeen... 
Belena 


1, 


26 
467 

0 

137 

20 

72 

456 

25 

276 

3 
224 
270 

3 
134 
162 
154 
850 

2 
129 
697 

1 


Depth. 


Ft.  In, 


8 

6 
12 
7 
6 
6 


8 

9 
0 
6 
2 
0 


2    4 
'i"6 


6    0 


4    6 

6    0 


\ 


\ 
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Liti  of  tUamerw  pljfiwg  on  tke  Upper  WUlatmeite,  Lower  Willamette,  and  CoUuMtnMt, 
Oregon  and  Washington,  during  the  calendar  gear  IS$7 — Coniinoed. 


HmmoT  ▼ 


Hnstter 

HooUoo 

InU(U 

loDe 

Swaeo 

JoMph  Kdlo;:*; . . . 
Jamas  B.Sle)>lienH 

Jnuttm 

Katie  Weir 

Kebani 

Loaiae  TanKhu  ... 

LaCamaa 

Larllne 

Ma«Kie 

Maria 

Haaoot 

Milkmaid 

Hodoe 

Mogul 

Kiiiad 

Nerka 

Korthweiit 

No  Wonder 

Oocideat 

Ocklabama 

O.K 

Oregon  ........... 

Oswego 

Ouf^u 

Uowena 


Ton*. 

Depth. 

Ft,  In. 

129 

7    0 

10 

3« 

6    0 

213 

2    0 

62 

6    0 

272 

2    2 

26 

5    4 

81 

4 

85 

4    0 

21 

6    0 

19 

4    0 

3:^8 

6    0 

58 

184 

3    0 

190 

8    0 

1 

337 

6    6 

2,353 

8 

....'.... 

2 

301 

1    3 

235 

2 

6    4 

665 

6    0 

47 

4    6 

1.642 

21 

1 

54 

6    2  , 

4 

1 

1 

ToBi.;Dqfii 


nil. 


Belief 

102  . 

m 

9U 

ass 

a 

3 
9 

n 

240 

1 

443 

1,311 
5^ 

17 
280 
157 
809 

48 

2W 

3 

53 

a\ 

34 

421 

Pearl 

K.MiIer 

**•  ! 

R.P.£]more 

Kamona.  -- 

S  1 

Ke^ulator 

R.  K.  ThompHOu 

"tti 

Ruth ;. 

•••••••■ 

Sadie  fi 

Sakana 



State  of  Cal i  foruia 

34  ( 

Sea  Foam 

Sarah  IKxon 

t  } 

Salem 

1  i 

Swift 

Telephone 

Tacorna 

4  i 

11  ? 

T.J.Potter 

ToDQuin 

f  1 

Undine 

3  » 

Vancouver 

Victorian 

Volga 

Vulcan 

4  i 

Water  Witch 

W.H.Harrim.u 

«  i 

Wm.M.Hoai; 

1  < 

W.S.Ma8on 

Weiiona .._.            

c  < 

Young  America 

4  ) 

RKPORT  OF   MB.    ROBERT   WARRACK,    ASSISTANT   KNGINERB. 

Portland,  Okeg.,  June  30,  IS^- 
Captain:  I  have  the  honor  to  snbmit  the  following   report  of  opentioM  « 
improving  lower  Willamette  and  Columbia  rivers  for  the  year  ending  Jane  30,  V^- 

DREDGING. 

The  work  done  has  consisted  in  dredf^ing  with  the  suction  dredge  W.  S,  Ldi  ^ 
the  various  points  where  navigation  was  being  impeded  by  shoal  water. 
The  localities  improved  were: 

Mouth  of  Willamette,  12  miles  below  Portland g.5S 

Martin  Island  Bar,  34  miles  below  Portland 82,'^ 

Dobelbower  Bar, 44  miles  below  Portland 87,li* 

Walker  Island  Bar,  53  miles  below  Portland ...  S1,(«J 

Pillar  Rook  Bar,  85  miles  below  Portland 91.1Ji 

Tongue  Point  Bar  (above)  94  miles  below  Portland '."/.'.V..,  72,1^ 

Total 873,(» 

Bar  above  Tongue  Point.— At  the  beginning  of  the  fiscal  year  the  dredge  was  f^ 
work  on  "Improving  Columbia  River  below  Tongue  Point"  (q.  v.),  an(f  wis  b«* 
transferred  to  the  general  river  improvement  till  Angnst  8,  when  operations  wef 
beuiiu  on  the  shoal  above  Tongue  Point.  Work  was  con  tinned  on  this  shoal  notii 
September  15,  by  which  time  72,103  cubic  yards  had  been  removed  incressing  tk 
depth  to  about  20^  feet  at  low  water,  the  depth  on  beginning  work  having  beeo  b>< 
19  feet  below  this  plane.  The  former  dredging  (1895)  at  this  shoal  had  left  aehtf- 
nel  23  feet  in  depth,  so  the  decrease  in  depth  had  been  very  considerable.  This  btf 
is  in  the  estuary  section  of  the  river,  and  is,  on  acoonnt  of  the  expanse  of  the  i4l^ 
cent  SAuds  and  the  varying  tidal  currents,  one  of  the  most  difficult  to  pennsoeDtlf 
improve. 

•  JFalker  Mnnd  Bar. — Work  on  this  bar  was  begun  on  September  16  bat  was  tca- 
porarily  discontinued  on  the  20th,  resumed  on  October  5,  and  complet^  on  the  13^ 
of  the  same  month.  The  total  auiouut  of  material  removed  was  31  013  cabioTSi^ 
increasing  the  depth  from  19  feet  at  low  water  to  22  ioet  at  the  8am*e  stage.    ' 
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Moufh  of  Willamette  Siver. — The  backet  dred^  of  the  port  of  Portland  commiB- 
Bioiiy  which  was  being  operated  at  the  mouth  of  the  Willamette  River,  haying  become 
disabled,  the  Ladd  proceeded  to  this  point  and  began  operations  on  September  21,  as 
immediate  relief  was  required.  The  channel  along  the  Coon  Island  revetment  had 
become  extremely  narrow  through  the  building  downstream  of  the  shoal  on  the  upper 
side  of  the  mouth  of  the  Willamette,  and  the  work  done  consisted  in  catting  off  the 
point  of  this  shoal.  The  shape  of  the  shoal  allowed  but  one  suction  to  be  effective 
and  the  eddy  current  in  the  mouth  of  the  river  prevented  any  very  rapid  progress. 
On  the  4th  of  October,  when  the  commission's  dredge  was  enabled  to  resnme  opera- 
tions, the  Ladd  had  removed  but  8,879  cubic  yards.  On  leaving  the  month  of  the 
Willamette  the  dredge  returned  to  and  completed  the  work  at  Walker  Island  Bar. 

Martin  Island  Bar, — On  October  16  the  Ladd  was  moved  to  Martin  Island  Bar,  where 
trouble  was  being  experienced  at  the  foot  of  the  island.  The  channel  at  tiiis  point 
was  widened  and  straightened  by  removing  82,709  cubic  yards  from  the  point  of  the 
encroaching  shoal.  The  depth  of  water  on  the  shoal  through  which  the  channel  was 
cat  was  about  18  feet  at  low  water,  and  at  the  close  of  the  work,  on  December  6,  the 
depth  in  the  area  added  to  the  channel  was  nowhere  less  than  22  feet  at  low  water. 

Pillar  Rock  Bar. — Work  was  begun  on  the  upper  and  lower  bars  at  Pillar  Rock  on 
December  7,  1897,  and  finished  on  January  21,  1898.  During  this  time  there  were 
removed  91,181  cubic  yards,  leaving  a  channel  250  feet  in  width  and  22  feet  in  depth 
over  both  upper  and  lower  bars,  where  bat  17  feet  at  low  water  could  be  found  beK>re 
work  was  begun.  Some  slight  delay  was  caused  while  at  this  point  by  having  to  set 
and  fit  np  new  pump  parts. 

Dohelhower  Bar, — This  was  the  last  point  where  dredging  was  done,  and  87, 174 
oubic  yards  were  removed  between  Januarv  22  and  March  28.  A  channel  22  feet  in 
depth  and  150  feet  in  width  was  cut  through  the  bar,  where,  before  beginning  work, 
the  greatest  depth  that  could  be  found  was  19  feet  at  low  water.  Work  at  this  point 
was  delaye<l  a  little  through  the  breaking  of  a  flange  on  one  of  the  suction  pipes  and 
the  pulling  of  some  troublesome  snags  by  the  La4d  abreast  of  Slaughter's  wharf, 
also  in  the  vicinity  of  La  Du  wharf.  On  the  completion  of  the  work  at  Dobel bower 
Bar  the  river  had  begun  to  feel  the  effects  of  the  coming  summer  freshet,  and,  as  no 
trouble  was  being  experienced  at  any  point,  the  Ladd  proceeded  to  Portland  to  be 
laid  up  and  to  Yeceive  a  general  overhauling. 

COST  OF  DREDGING  FOR  THB  YSAR. 

The  following  table  shows  the  cost  of  operating  the  dredge  for  the  year,  including 
all  expenditures  except  the  above  extensive  overhauling,  which  can  not  properly  be 
charged  to  this  year  alone. 

Stattmeni,  August  8, 1897-March  SI,  1898. 
Amount  of  material  removed onbio  yards..       873,089 

Operating  expenses,  inclnding  current  repairs $13,069.00 

Coal* 

135  tons  Wallsend,  it  $6 $675.00 

726.17  tons  Wellsend,  mt  $5.25 3,812.40 

4,487.40 

Total  cost  of  operating 17,657.00 

Cost  per  yard  for  the  year cents..  4.706 

Cost  per  yard  for  coal do....  1.182 

Coal  consumed  i>er  yard pounds..  5.11 

Yards  dredged  per  ton  of  coal cable  yards..  433 

Number  of  days  dredging 163 

Cubic  yards  per  day's  dredging 2,289 

Number  of  hours  pumping 760^ 

The  amount  of  coal  consumed  per  yard  is  greater  than  last  year  and  the  average 
number  of  yards  dredged  per  day  considerably  less  than  last  year.  This  is  accounted 
for  partly  by  the  nature  of  the  work  at  the  mouth  of  the  Willamette,  where  less  than 
balr  the 'material  was  excavated  in  the  same  length  of  time  as  at  other  points.  At 
Dobelbower  Bar  the  rubber  linine  of  the  flexible  suctions  became  detached  and 
through  collapsing  caused  a  great  deal  of  additional  pumping.  This  defect  was  not 
discovered  until  uie  dredge  was  laid  up,  the  trouble  havinp;  been  attributed  to  the 
nature  of  the  material  excavated.  That  the  cost  of  dredging  throughout  the  year 
has  been  lower  than  last  year  is  due  to  the  very  small  sum  expended  on  repairs  during 
the  season. 
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Tbe  following  la  m  atatement  of  the  total  amoont  of  materud  excaratad  I17 the  Idi 
•Inoe  har  oonatraetion  in  18dS: 


Year. 


iat4-as. 


UBa-«7. 


Total 


Golitmbia 
«nd  Lower 


OuUa 

tax  MO 
428,372 
228,061 
388.788 

s78,oea 


1,7E4,101 


ColumMft 
Rirer, 

Colambia 

Siverbelov 

Tonne 

PoiBt 

Gn^Ml. 

C^cMcysrcU. 

GHKeywA. 

3n,» 

AS! 

101,633 

8B,Sli 

103,231 
50.150 

103,633 

1831,381 

^«,1B 

There  haa  been  no  change  in  the  peraonnel  of  the  crew  of  the  dredge  dazing  tk 

WOBK  OF  POBT  OF  PORTLAMI>  COMMISSKOK. 

The  port  of  Portland  eommwaion  has  operated  ita  backet  dredge  at  tiie  foDowh^ 
pointa  in  the  Willamette  and  Columbia  nvers : 

^  ,      ,  ^      _ _.  Crtfcpi* 


Swan  laland  Bar,  Willamette  Eiver 
81  Johna  Bar,  Willamette  RiTer  . . . 
Post  office  Bar,  Willamette  Biyer .. 

Month  of  Willamette  Biver 

finntera  Point  Bar,  Colnmbia  Biver 


Total 


is^ai 

lft,3» 

T  '"'•  /!2i°®^  Bowera  dredge  haa  been  conatracted  and  waa  pnt  to  work  dmm 
Jnne,  18^  on  Swan  laland  Bar,  the  amount  of  material  excavated  by  it  IwK 
included  in  tbe  aboye  eatimate.  ^ 

The  sum  diaburaed  by  the  commiaaion  on  accoont  of  dredimiff  haa  been  (adattn 
of  coat  of  new  dredge)  $14,145.85.  ®  ^ 

The  Bowera  dredge  coat,  for  hull,  machinery,  and  1,000  feet  of  diacharge  pipe  lai 

The  past  aeaaon  haa  been  remarkable  for  the  size  and  nnmber  of  the  wheateinM 
leaTing  Portland;  also  the  advent  of  steamers  in  the  foreini  erain  trade  TheV 
lowing  ahowa  the  nnmber  of  grain  and  flour  cargoee  leaving  for  foreign  porti- 


Bidlhig 
StaMDcn 


Total 


The  greatest  draft  carried  haa  been  24  feet,  and  the  largeat  eanro  that  of  * 
ateamer  Teen  Kaif  namely,  5,516  tona.  ™  ^ 

The  above  does  not  include  coaatwtee  ahipmenta  to  or  ahipmenta  byieffnlar  lineti 
Chma,  in  which  there  haa  been  considerable  mcreaae. 

At  the  cloae  of  the  fiscal  year,  June  30, 1898,  the  controllinir  denth  at  lowir««« 
between  PortlMd  and  the  sea  waa  19  feet,  but  aathia  was  on  &e  ahoal  abovsTonr 
Pomtj  where  the  daily  tide  averages  7  feet,  no  trouble  beyond  a  few  horn  deUv » 
experienced. 

The  Astoria  and  Columbia  Biver  Bailroad,  foUowini^  the  south  bank  of  the  rinr 
and  connecting  Astoria  with  Portland,  waa  opened  for  traffic  in  the  lattv  l»rt  ^ 
May,  1898.  '^ 

BeapectfaUy  aubmitted.  Kobkrt  Wamkkck, 

Capt.  W.  L.  FiSK,  -4e»ittea<  £afi«r. 

Corpe  t(f  £ngineen,  U.  8.  A. 
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U  U  3. 

DfPROYEMENT  OF  COLUMBIA  RIVER  BELOW  TONGUE  POINT. 

Approved  project. — ^The  origiDal  and  present  prqject  (see  Annual 
Beport  of  the  Chief  of  Engineers  for  1895,  pp.  3605-3608,  et  seq.)  was 
adopted  1896.  The  ship  Sylvia  de  Orasse  was  wrecked  on  a  rocky  ledge 
about  1  mile  below  Tongue  Point  in  1849,  as  near  as  can  be  determine, 
and  for  the  removal  of  the  wreck  and  a  portion  of  the  ledge  upon  which 
it  rests,  and  for  supplemental  dredging,  the  river  and  harbor  act  of 
Jane,  1896,  authorize  the  expenditure  of  950,000  of  the  balance  then 
on  hand  to  the  credit  of  the  mouth  of  the  Columbia  Eiver  improvement. 
The  estimated  cost  was  $121,550. 

OPERATIONS  DURma  THE  FISCAL  YEAR  1898. 

The  dredging  in  progress  at  the  beginning  of  the  present  fiscal  year 
was  continued  to  August  7*  Operations  were  confined  to  the  channel 
immediately  above  the  Sylvia  de  Grasse  Keef,  where  the  encroaching 
sands  had  narrowed  the  channel,  causing  considerable  inconvenience 
to  vessels  in  making  the  turn  and  avoiding  the  reef. 

At  the  conclusion  of  operations  59,150  cubic  yards  of  material  had 
been  removed,  and,  with  the  amount  reported  last  year,  makes  a  total 
of  162,381  cubic  yards  excavated  from  this  shoaL  Besides  being 
widened  and  somewhat  straightened,  the  channel  had  a  least  depth  of 
23  feet,  where  but  19  feet  could  be  carried  on  the  commencement  of  work, 
with  not  over  15  feet  over  the  portion  of  sands  added  to  the  channel. 

It  is  to  be  hoped,  with  the  increased  volume  of  water  passing  through 
this  channel,  that  the  present  high  water  will  scour  out  and  improve 
the  river  at  this  place  and  also  have  a  beneficial  effect  lower  down  in 
front  of  the  city  of  Astoria.  To  remove  the  reef,  which  the  aid  to  com- 
merce would  justify,  will  require  the  remainder  of  the  money  estimated 
for  it  in  the  project. 

Money  statement. 

July  L 1897,  balance  nnexpended $47,218.34 

June  90, 1898,  amount  expended  daring  fiscal  year 6,648.64 

July  1, 1898^  balance  unexpended 41,569.70 

{Amonnt  (estimated)  required  for  completion  of  existing  project 71, 560. 00 

Amount  tb  at  can  be  profitably  expended  in  fiscal  year  ending  J  one  80, 1900  71, 560. 00 
Submitted  in  compliance  with  reonirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  oItU  act  of  June  4, 1897. 


Appropriation$» 

June  8, 1896,  from  unexpended  balance  to  the  credit  of  improving  month  of 
Columbia  River,  Oregon  and  Washington $50,000 


For  commercial  statistics  see  Columbia  and  Lower  Willamette  river  report. 
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U  U  4- 

mpROYEiiEirr  of  the  mouth  of  Columbia  river,  oregoh  m 

WASHINGTON. 

Prm  to  oommencing  the  work  of  constraction  in  1885  there  wero 
fh>iii  one  to  three  channels  acro88  the  bar  at  tbe  month  of  Golnmbii 
\and  these  chuinels  varied  both  in  location  and  in  depth,  the  htter 
nsnally  firom  19  feet  to  21  feet,  while  the  location  shifted  thioagh 
nearly  180  degrees  from  Cape  Disappointment  to  Point  Adams. 

The  project  for  improvement  adopted  in  1884  contemplated  seeormg 
a  low-water  channel  depth  of  30  feet  across  the  bar  at  the  moath  d 
the  river  by  the  oonstmction  of  a  jetty  to  extend  from  the  shore  near 
Fort  Stevens  across  Clatsop  Spit  in  the  direction  of  a  point  aboatS 
miles  south  of  Cape  Disappointment,  the  jetty  to  be  bnilt  of  rabble 
and  random  blocks  of  stone  of  large  size  resting  upon  mattresses  of 
brush.    Estimated  cost,  $3,710,000. 

The  amount  expended  to  June  30,  1897,  was  $1,961,259.99,  exclasiTS 
of  the  snm  of  $50,000  authorized  by  the  river  and  harbor  act  of  JaDe3^ 
1896,  to  be  applied  below  Tongue  Point. 

The  jetty,  together  with  its  four  groins,  was  completed  in  the  faDof 
1895.  At  the  dose  of  the  fiscal  year  1897  the  channel  was  in  neariy 
the  same  position  as  previously  reported  (Annual  Beport  of  the  ChM 
of  Engineers  for  1896,  p.  3251),  but  the  30-foot  depth  at  mean  lower 
low  water  was  2,000  feet  in  width. 

A  survey  of  the  bar  in  progress  at  the  close  of  the  fiscal  year  wu 
completed  a  few  days  later.  It  shows  the  channel  has  moved  a  little 
fiirther  to  the  northward  during  the  year,  and  the  least  depth  od  the 
bar,  29  feet,  at  mean  lower  low  water  is  1  foot  less  than  last  year^  bat 
this  is  not  surprising  considering  the  very  severe  storms  of  last  winter 
and  the  consequent  largo  movement  of  sand  from  the  top  of  Clatsop 
Spit,  depths  on  its  crest  having  increased  as  much  as  7  feet  in  some 
places,  and  the  increase  averaging  probably  4  to  5  feet. 

The  survey,  also,  coming  just  as  the  high  water  of  the  Golmnbis 
began  to  tall  probably  developed  tbe  worst  possible  conditions. 

The  tracing  showing  the  soundings  taken  is  forwarded  herewitL 

Money  statement. 

Jnly  1, 1897,  balance  nnexpended $14,490.(1 

June  90, 1898,  amoant  expended  daring  fiscal  year ^Ol&tf 

Jnly  1, 1898,  balance  nnexpended 12,404.58 

Jnly  1, 1898,  ontstanding  liabilities 564.$ 

Jnly  1, 1898,  balance  available 11,8»W 


AppropriaHomM, 


Act  of- 

I                                                   Jnly  6, 1884 $100,000 

Angn8t6,1886 187,600 

i    \                                                          Angnst  11, 1888 600,000 

Febrnary  22, 1890 75.000 

.    \                                                        September  19;  1890 475,000 


Act  of — 

Jnly  13, 1893 $S6(^0(» 

Angnst  18,1894 8S8,1» 

Total 2^(06^00 


For  oommeroial  statistios  see  Columbia  and  Lower  Willamette  river  report 
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U  U  5. 

IMPROVEMENT  OF  COWLITZ  RIVER,  WASHINGTON, 
ila  wmk  was  In  the  charge  of  Capt.  Harry  Taylor,  Corps  of  Bnglneers,  until  Novemher  80, 1897.] 

Ipproved  project, — ^Tbe  original  and  present  project  was  prepared  in 
d  and  adopted  in  1880.  It  contemplates  the  removal  of  sand  bars, 
gs,  overhanging  trees,  and  rocks  to  a  point  abont  50  miles  above  the 
ith.  The  original  estimate  was  $5,000  for  the  first  year  and  an 
lenditnre  thereafter  of  ^2^000  per  year  for  maintenance. 

OPERATIONS  FOR  THE  FISOAL  YEAR  1898. 

Inagging  operations  were  carried  on  by  a  small  crew  with  rowboat 
n  the  beginning  of  the  year  up  to  October,  after  which  time  the 
ds  were  practically  exhausted,  and  aside  from  blasting  out  a  few 
.gs  no  further  work  was  done.  One  small  wing  dam  was  constructed 
a  troublesome  place  and  numerous  snags  and  overhanging  trees 
loved;  a  chaunel  of  2  or  2^  feet  was  secured  to  Toledo  (40  miles), 
er  operations  (;eased  occurred  one  of  the  highest  waters  known, 
ich  left  a  bar  in  the  bend  1  mile  below  Tol^o  and  divided  the 
nnel  into  three  parts.    This  closed  low- water  navigation  above  that 

Qt. 

*o  improve  the  channel  so  that  boats  can  ascend  to  Toledo  at  all 
sons  will  require  a  permanent  work  at  this  place  to  confine  the 
:er  to  one  channel.  Some  work  will  be  required  on  two  bars  farther 
irnstream,  and  with  a  small  yearly  expenditure  ibr  snagging,  a  depth 
probably  2  or  2^  feet  can  be  maintained. 

'he  aid  to  commerce  and  the  benefit  to  be  derived  from  this  improve- 
it  will  ampl;  justify  the  expenditure. 

Money  statement, 

r  1, 1887,  balance  anezpended $1,311.50 

s  30, 18^,  amount  expended  during  fiscal  year 1,227.44 

r  1, 1898,  balance  unexpended 84.06 

ononnt  (estimated)  required  for  completion  of  existing  project Indefinite. 

nunnttbatcan  be  profitably  expendeidin  fiscal  yearendingJuneSO,  1900      3,000.00 
ibmitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4^  1897. 


AppropriaiUm$. 


of— 

June  14,1880 $2,000 

Marob  3, 1881 1,000 

August  2, 1882 1,000 

Jnly5,1884 2,000 

Augusts,  1886 2,000 

August  11, 1888 3,000 

BNG  98 191 


Act  of— 

September  19,  1890 $8,000 

July  13, 1892 3,000 

August  18, 1894 3,000 

June  3, 1896 3,000 

Total 28,000 
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COMMJEBCIAL  STATISTICS. 


The  following  statement  of  traffic  on  the  Cowlitz  River  has  been  compiled  from 
reports  of  the  varions  steamers  and  transportation  companies  doing  boaineas  on  Una 
river  daring  the  year  ending  December  31, 1897 : 


Grain < 

Lumber  (1,678,000  feet  B.  M.)--  - 

Cattle  and  horses 

61ieep  and  bogs 

Coal 

Wool 


Tons. 

875 
839 
600 

13 
350 

75 


Tool. 

Merchandise 9,920 

Shingles 4,800 

Fish 110 


Total 17,582 


The  nnmber  of  passengers  carried  daring  the  year  was  14,138. 
There  were  also  413,400  linear  feet  of  piles  and  15,546,607  feet  B.  M.  of  logs  towed 
f^om  thia  river,  not  incladed  in  the  above  statement. 


UU  6. 

GAUGING  WATERS  OF  COLUMBIA  RIVER,  OREGON  AND  WASHINGTON. 

The  object  of  this  gauging  is  to  obtain  data  for  use  in  connection 
with  the  improvement  of  the  river  and  to  supply  information  to  persons 
interested  in  its  navigation. 

The  self-registering  gauge  was  reestablished  at  Astoria  in  Novem- 
ber, 1888;  it  has  been  in  operation  up  to  the  present  time,  and  in  view 
of  its  importance  as  a  benefit  to  commerce  its  maintenance  is  consid- 
ered a  worthy  object. 

The  amount  expended  on  this  work  to  June  30, 1897,  was  $6|201.6& 

Money  statement. 

Jnly  1, 1897,  balance  unexpended 1796.33 

June  30, 1898,  amount  expended  daring  fiscal  year 360.00 

July  1, 1898,  balance  unexpended 438.35 

July  1, 1898,  outstanding  Uabilitiea T 84.00 

July  1, 1898, balance  available 354.S 

f  Amount  (estimated)  for  completion  of  existing  project 1, 000. 00 
Amonntthat  can  beprofitablyexpendedinfiscalvearendingJuneSO,  1900      1,000.00 
Submitted  in  compliance  witb  requirements  of  sections  2  of  river  and 
harbor  acts  of  1SG6  and  1867  and  of  sundry  civil  act  of  June  4,,  1887. 


AjtpropriaUont. 


Act  of— 

August  2. 1882 $600 

July5,1884 1,000 

August  5, 1886 1,000 

August  11, 1888 1^600 


Act  of— 

August  18, 1894. $1,000 

June  3, 1896 1,000 

Total 7,000 


i 
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UU7, 


J.  PRELIMINARY  EXAMINATION  OF  8CAPP00SE  BAY,  OREGON,  FROM  ITS 
MOUTH  TO  AND  INCLUDING  THE  LOWER  PORTION  OF  SCAPPOOSE 
CREEK. 

[Printed  in  House  Doo.  No.  126,  Fifty -fifth  CongreM,  second  session.] 

Office  of  the  Ohief  of  Engineers, 

United  States  Army, 
WcLshingtonj  December  2^  1897. 

Sir:  I  have  the  honor  to  Hnbmit  the  accompanying  copy  of  report, 
dated  September  28,  1897,  with  map,*  by  Capt.  W.  L.  Fisk,  Oorps  of 
Engineers,  giving  the  results  of  a  preliminary  examination  of  Scappoose 
Bay,  Oregon,  from  its  month  to  and  including  the  lower  portion  of 
Scappoose  Creek,  made  to  comply  with  the  provisions  of  the  river  and 
harbor  act  of  June  3,  1896. 

In  view  of  the  fact  that  the  locality  referred  to  in  the  act  is  now  open 
to  navigation  by  light-draft  river  steamers.  Captain  Fisk  is  of  opinion 
that  this  condition  meets  the  present  and  prospective  demands  of  its 
limited  commerce,  and  that  its  improvement  is  not  a  work  worthy  to  be 
undertaken  by  the  General  Government.  These  views  are  concurred 
iu  by  the  division  engineer,  Col.  Chas.  E.  Suter,  Corps  of  Engineers,  and 
by  me. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Ohief  of  Engineer$y 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 


report  of  oapt.  w.  l.  fisk,  oorps  of  engineers. 

United  States  Engineer  Offiob, 

Portland^  Oreg,^  September  28^  1897. 

Oenteral:  I  have  the  honor  to  submit  herewith  the  following  report 
of  preliminary  examination  of  ^^  Scappoose  Bay,  Oregon,  from  its  mouth 
to  and  including  the  lower  portion  of  Scappoose  Creek,"  made  in  accord- 
ance with  river  and  harbor  act  of  June  3, 1896,  and  letter  of  Chief  of 
Engineers  dated  June  16, 1896: 

Scappoose  Bay  is  situated  in  the  northwestern  part  of  the  State  of 
Oregon  and  forms  the  mouth  of  one  of  the  lesser  tributaries  of  the 
Columbia  Biver.  It  empties  into  what  is  known  as  Willamette  Slough, 
about  1  mole  from  the  Columbia,  and  is  distant  from  Portland,  via 
Willamette  Biver  and  Willamette  Slough,  about  30  miles. 

Willamette  Slough  is  a  minor  waterway,  20  miles  in  length,  which 
parallels  the  Columbia  Biver  and  connects  the  Willamette  Biver  near 
its  mouth  with  the  Columbia  at  St.  Helens.  Several  steamers  trading 
between  Portland  and  St.  Helens  navigate  Willamette  Slough  daily 
and  at  times  run  into  Scappoose  Bay. 

Scappoose  Bay  proper  is  about  3  miles  in  length  and  its  main  axis  is 
northeast  and  southwest,  practically  parallel  with  that  of  Willamette 
Slough.    The  entrance  to  the  bay  is  about  300  feet  wide  between  banks 

*  Not  reprinted.    Pzinted  in  House  Doo.  No.  126,  Fifty-fifth  CongreeSy  leoond  seuion. 
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and  has  a  channel  width  of  150  feet,  with  a  minimum  depth  of  8 
feet.  A  short  distance  above  the  entrance  the  bay  widens  to  aboat 
1,000  feet  between  banks  and  maintains  this  width  to  within  aboat  a 
mile  of  its  head,  from  which  point  it  gradually  contracts  to  one-half 
that  width.  iScappoose  Greek  flows  into  the  bay  from  the  south  aboat 
2  miles  above  the  entrance,  and  below  the  mouth  of  the  creek  the  bay 
has  a  good  channel  depth  of  about  8  feet  and  ample  width  for  naviga- 
tion. Above  this  point  the  channel  of  the  bay  becomes  narrow  and 
winding  and  the  depth  decreases  to  from  3  to  6  feet.  The  bottom  of 
the  bay  throughout  is  of  soft  mud. 

Scappoose  Creek  parallels  the  bay  on  the  southeast  and  is  navigable 
for  a  distance  of  about  2  miles  above  its  mouth,  having  a  general  depth 
of  about  6  feet.  The  channel  of  the  creek  follow^}  the  west  bank,  along 
which  landings  are  easily  made,  and  it  is  here  that  large  quantities  of 
cord  wood  are  loaded  on  scows  for  shipment  on  the  Columbia. 

Two  small  streams,  Milton  Creek  and  McNulty  Creek,  flow  into  the 
lower  bay  from  the  northwest,  and  during  time  of  freshet  quantities  of 
saw  logs  and  cord  wood  are  driven  down  these  streams  and  flumed 
across  the  mud  flats  of  the  bay  to  within  reach  of  the  steamer  channel. 
Landings  at  the  banks  on  the  bay  are  impracticable  on  account  of  the 
adjacent  mud  flats. 

The  mean  range  of  tide  in  the  bay  is  about  1^  feet.  The  summer 
flood,  however,  obliterates  all  tidal  efifects  and  frequently  inundates 
the  country  adjacent  to  the  bay  on  the  east  and  south,  it  being  mostly 
low  land  as  far  as  the  Willamette  Slough. 

The  country  to  the  west  of  the  bay  is  an  upland  bench  several  miles 
in  width,  beyond  which  is  higher  broken  land  well  covered  with  excd- 
leiit  growth  of  fir  timber. 

The  mi^jor  portion  of  the  lands  in  the  vicinity  of  the  bay  and  creek 
is  under  cultivation  and  used  largely  for  dairying  and  cattle  raising. 

The  timber  and  cord  wood  production  from  the  highlands  to  the  west 
is  quite  extensive  and  during  the  period  of  high  water,  each  season, 
advantage  is  taken  to  remove  on  barges  quantities  of  cord  wood  which 
have  been  accumulated  on  the  banks  during  time  of  low  water. 

In  view  of  the  fact  that  Scappoose  Bay,  firom  its  mouth  to  and  indad- 
ing  the  lower  portion  of  Scappoose  Creek,  is  now  open  to  navigation  bj 
light-draft  river  steamers,  it  is  thought  that  this  condition  meets  the 
present  and  prospective  demands  of  its  limited  commerce.  It  is,  there- 
fore, not  recommended  as  worthy  of  improvement  by  the  General  Got- 
erument. 

Very  respectfully,  your  obedient  servant, 

W.  L.  FiSK, 
Oaptainy  Corps  of  Engineen. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  EngineerSj  U.  8.  A. 

(Through  the  Division  Engineer.) 

[Flnt  Indonement.] 

U.  S.  ENaiNEEB  Ofpiob, 

Pacifio  Division, 
San  Francisco,  CaLj  October  5, 1897. 

Bespectfully  forwarded. 

I  concur  in  the  views  and  recommendations  of  the  district  officer. 

Ohas.  B.  Sutbr, 
Colonel  of  Engineers^  Divieian  Engineer. 


J' 
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U  U  8. 

PRELIMINARY  EXAMINATION  OF  LONG  TOM  RIVER,  OREGON,  FROM 

MOUTH  TO  TOWN  OF  MONROE. 

[Printed  In  Hoose  Doo.  No.  127,  Ftfty-flfth  Congress,  second  session.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington^  December  6j  1897. 

SiB:  I  have  the  honor  to  submit  the  accompanying  copy  of  report, 
dated  September  29, 1897,  with  map,*  by  Gapt.  W.  L.  Fisk,  Corps  of 
Engineers,  giving  the  results  of  a  preliminary  examination  of  Long 
Tom  Eiver,  Oregon,  from  mouth  to  town  of  Monroe,  made  to  comply 
with  the  provisions  of  the  river  and  harbor  act  of  June  3, 1896. 

Because  of  the  many  shoals  between  Monroe  and  the  Willamette 
Biver,  Captain  Fisk  is  of  the  opinion  that  this  stretch  of  the  river  is 
not  susceptible  of  improvement  for  navigation  during  the  low-water 
season,  though  it  is  thought  that  sufficient  depth  might  be  obtained 
during  the  winter  season  to  accommodate  the  light-draft  steamers  of 
the  Upper  Willamette.  The  principal  obstructions  to  high-water  navi- 
gation below  Monroe  are  overhanging  trees,  together  with  numerous 
snags  and  an  occasional  brush -co  vrereil  shoal,  and,  in  view  of  the  com- 
paratively small  expenditure  that  would  be  required  to  remove  these 
obstructions  in  order  to  ailbrd  an  opportunity  for  shipping  grain  and 
other  products  during  the  high  water  season,  it  is  the  opinion  of  the 
local  officer,  concurred  in  by  the  division  engineer,  Col.  Ohas.  B.  Suter, 
Corps  of  Engineers,  and  by  me,  that  the  locality  in  question  is  worthy 
of  improvement  by  the  General  Government  to  the  extent  named. 

An  estimate  for  the  work  referred  to  can  be  pre[)ared  without  further 
survey. 

Very  re8i)ectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.j  Chief  of  Engineers^ 
Hon.  B.  A.  Alger,  IT.  &  Army. 

Secrelury  of  War. 


report  of  capt.  w.  l.  fisk,  corps  of  engineers. 

United  States  Engineer  Office, 

Portland,  Oreg.j  September  29^  1897. 

General:  I  have  the  honor  to  submit  herewith  the  following  report 
of  preliminary  examination  of  the  "  Long  Tom  Biver,  Oregon,  from 
month  to  town  of  Monroe,"  n)ade  in  accordance  with  the  river  and  har- 
bor act  of  June  3, 1896,  and  letter  of  Chief  of  Engineers  dated  June  16, 
1896. 

The  Long  Tom  Biver  is  tributary  to  the  Willamette,  80  miles  south 
of  Portland  by  direct  line  and  122  miles  distant  by  river.  It  rises  on 
the  eastern  slope  of  the  Coast  Bange  and  has  a  general  course  south, 
east,  and  then  north  for  a  distance  of  52  miles  to  the  Willamette. 

The  river,  with  its  tributaries,  drains  an  area  of  about  430  square 
miles. 

*  Not  reprinted.    Printed  in  House  Doc.  No.  127,  Fifty-fifth  Congress,  second  sessioiu 
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The  cnltiyated  portion  of  the  coantry  to  the  west  of  the  river  is  abont 
5  miles  in  width,  and  to  the  east  from  2  to  6  miles,  extending  to  the 
Willamette  River. 

The  natural  products  of  the  valley  are  wheat,  hops,  fruit,  wool,  live 
stock,  and  all  kinds  of  small  farm  products,  and  the  mountain  s]oi)e8 
to  the  south  and  west  are  well  covered  with  an  excellent  growth  of  fir 
timber.  Scattered  through  this  section  are  about  a  dozen  sawmills  of 
small  capacity,  which  supply  the  valley  and  adjacent  country  with 
lumber. 

The  present  outlet  for  the  produce  of  the  valley  is  by  wagon  road  to 
points  on  the  Willamette  River,  or  to  the  towns  of  Eugene,  Junction 
City,  or  Gorvallis,  on  the  lines  of  the  Southern  Pacific  Railroad,  and 
necessitates  freighting  a  distance  of  from  5  to  25  miles,  which  during 
the  winter  months  is  almost  impracticable  on  account  of  the  bad  con- 
dition of  the  roads. 

The  Upper  Alsea  Yalley,  adjacent  to  that  of  the  Long  Tom  on  the 
northwest,  also  finds  an  outlet  for  limited  quantities  of  grain  and  oth^ 
farm  produce  through  this  valley  by  means  of  wagon  road  over  the 
mountains. 

The  town  of  Monroe  is  situated  on  the  left  bank  of  the  Long  Tom, 
about  10  miles  above  its  mouth,  and  is  the  manufacturing  center  and 
principal  )>oint  of  shipment  for  the  valley.  It  supports  two  75-barrel 
flouring  mills,  one  of  which  is  operated  by  water  power  from  the  river 
and  the  other  by  steam  power. 

The  Long  Tom  River  from  Monroe  to  its  mouth  is  extremely  torta- 
ous,  and  the  channel  at  low  water  varies  in  width  from  25  feet  to  300 
feet.  The  bed  of  the  river  is  formed  largely  of  gravel,  and  througfaoat 
the  entire  stretch  the  low- water  channel  is  com])osed  of  shallow  rifiies 
in  groups  and  intervening  pools  of  slack  water,  the  depth  over  the  same 
ranging  from  6  inches  to  10  feet. 

Though  the  banks  above  the  low-water  plane  are  rather  bluff,  at  times 
of  freshet  the  river  is  frequently  filled  bank  full,  and  much  of  the  flood 
water  then  finds  an  outlet  to  the  Willamette  through  channels  m  the 
low  divide  between  the  two  rivers,  overflowing  the  intermediate  coun- 
try and  cutting  off  communication  by  road  with  the  points  on  the  rail- 
way and  Willamette  River. 

It  is  at  such  seasons  that  a  navigable  river  to  Monroe  would  prove  a 
great  benefit  to  this  section. 

During  the  summer  months,  and  frequently  until  November,  the 
river  remains  at  a  low- water  stage,  with  scarcely  a  depth  of  6  inches  on 
the  riffles,  but  immediately  after  the  winter  rains  set  in  it  begins  to 
rise,  until  in  January  a  depth  of  at  least  6  feet  is  usually  reached, 
which  depth  is  maintained  until  April  or  May.  During  the  spring  of 
1896  the  steamer  Gipsey  made  a  trip  to  Rickards  warehouse,  3  miles 
above  the  mouth,  and  took  out  about  1,000  bushels  of  wheat.  This  is 
the  only  shipment  of  grain  by  steamer  made  on  the  river  for  several 
years. 

Because  of  the  many  shoals  between  Monroe  and  the  Willamette, 
this  stretch  of  river  is  believed  to  be  unsusceptible  to  improvement  for 
navigation  during  the  low-water  season,  though  it  is  thought  that  suffi- 
cient depth  might  be  obtained  during  the  winter  season  to  accommodate 
the  light  draft  steamers  of  the  Upper  Willamette. 

The  banks  are  covered  with  overhanging  trees,  which  on  account  of 
the  narrowness  of  the  channel  make  the  river  almost  impassable  at 
certain  x>oiuts.  These  trees,  together  with  numerous  snags  and  an 
occasional  brush-covered  shoal,  form  the  principal  obstmctions  to  higl^- 
waternavig%i\>\OTiY>QlQW  Monroe.    •    •    • 
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The  opportunity  of  shipping  grain  and  other  produce  from  Monroe 
daring  the  high- water  season  would  undoubtedly  prove  beneficial  to  the 
Long  Tom  and  adjacent  valleys,  and  in  view  of  the  comparatively  small 
expenditure  required  to  accomplish  this,  the  stretch  of  river  between 
Monroe  and  the  Willamette  Eiver  is  recommended  as  worthy  of 
improvement  by  the  General  Government  to  the  extent  named. 

Herewith  is  submitted  a  sketch  showing  location  of  the  Long  Tom 
Biver  with  relation  to  adjacent  country. 

Very  respectfully,  your  obedient  servant, 

W,  L.  FiSK, 
Captain^  Corps  of  Engineers. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers  J  U.  8.  A. 

(Through  the  Division  Engineer.) 

(First  indonemenl.) 

U.  S.  Engineeb  Office,  Pacifio  Drvisiow, 

San  Francisco,  Caly  October  5, 1897. 

Eespectfully  forwarded. 

I  concor  in  the  views  and  recommendations  of  the  district  officer. 

Ohas.  E.  Suteb, 
Colonel  of  Engineers^  Division  Engineer. 


UUg. 


PRELIMINART  examination  of  the  SANTIAM  RTVER,  OREGON,  FROM 

JEFFERSON  TO  WILLAMETTE  RIVER. 

[Printed  in  Honae  Doo.  No.  109,  Fifty-flffcb  Congrees,  second  leasion.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington,  December  i,  1897. 

Sib:  I  have  the  honor  to  snbmit  the  accompanjing  report,  dated 
October  4,  1897,  by  Gapt.  W,  L.  Fisk,  Corps  of  Engineers,  giving  the 
results  of  a  preliminary  examination  of  the  Santiam  Siver,  Oregon, 
from  Jefferson  to  Willamette  Eiver,  made  to  comply  with  the  provisions 
of  the  river  and  harbor  act  of  June  3, 1896. 

It  appears  from  this  report  that  the  river,  though  navigable  in  its 
natural  state  for  several  months  in  the  year,  is  practically  unused,  but 
one  steamboat  trip  having  been  known  to  have  been  made  on  the  river 
in  several  years.  The  limited  commerce  of  the  section  is  carried  by 
the  railroads,  and  there  is  consequently  not  sufficient  inducement  offered 
steamers  to  warrant  running  the  river  at  any  time. 

For  these  reasons  Captain  Fisk  is  of  the  opinion,  concurred  in  by  the 
division  engineer  and  myself,  that  the  river  is  not  worthy  of  improve- 
ment by  the  General  Government. 

Very  respectfuUyi  your  obedient  servant,  ' 

John  M.  Wilson, 
Brig.  Oen.j  Chirf  of  Engineers^ 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 
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3048    report  op  the  chief  of  engineers,  u.  8.  armt. 
report  of  oapt.  w.  l.  fisk,  corps  of  engineers. 

United  States  Engineer  Office, 

Portlandj  Oreg.j  October  4, 1897. 

Generai.:  I  have  the  honor  to  submit  herewith  the  following  report 
of  prehminary  examinatiou  of  the  ^^  Santiam  River,  Oregon,  from  Jeifer- 
son  to  Willamette  River,"  made  in  accordance  with  river  and  harbor  act 
of  June  3, 1896,  and  letter  of  Chief  of  Engineers  dated  June  16, 1896: 

The  Santiam  liiver  is  situated  in  the  western  part  of  the  State,  and 
is  tributary  to  the  Willamette  about  95  miles  above  the  city  of  Port- 
land. The  Santiam  proper  is  only  12  miles  in  length,  being  formed  hy 
the  junction  of  two  forks  named,  respectively,  North  Fork  and  South 
Fork  of  Santiam  River.  These  forks  rise  on  the  western  sloi)e  of  the 
Cascade  Range,  about  25  miles  apart,  and  are  each  about  60  miles  in 
length. 

The  Santiam  and  its  tributaries  flow  through  a  rich  agricultural  dis- 
trict, the  main  staple  production  of  which  is  wheat,  though  other  crops 
are  also  raised  to  some  extent,  and  the  cattle,  sheep,  and  dairying  inter- 
ests are  quite  extensive. 

This  country  is  traversed  from  north  to  south  by  two  branch  lines  of 
the  Southern  Pacific  system,  and  from  east  to  west  by  the  Oregon  Cen- 
tral and  Eastern  Railway. 

The  town  of  Jefferson,  at  the  upstream  limit  of  this  examination,  is 
located  about  3  miles  below  the  junction  of  the  forks,  or  9  miles  from 
the  Willamette,  and  is  on  the  main  line  of  the  Southern  Pacific  Railroad. 

Two  bridges  without  draws  span  the  river  at  this  point,  making  Jef- 
ferson the  present  head  of  navigation  for  steamers. 

The  town  has  a  population  of  about  500,  and  supports  a  gristmill  of 
100  barrels  daily  capacity,  2  grain  warehouses,  accessible  by  rail  or 
river,  2  hotels,  1  hardware  store,  and  3  general  merchandise  stores. 

In  the  stretch  of  river  between  Jefferson  and  the  mouth  there  are  7 
well-defined  shoals  and  16  riffles,  the  depth  over  which  at  time  of  low 
water  varies  from  8  inches  to  2  feet  The  general  low  water  width  of 
the  river  is  from  200  feet  to  400  feet,  except  on  the  riffles,  and  the  aver- 
age fall  is  estimated  at  about  3  feet  to  the  mile. 

The  low- water  stage  of  the  river  usually  prevails  from  July  to  Octo- 
ber, after  which  time  the  fall  rains  begin  raising  the  river  rapidly  until 
in  December  a  6-foot  stage  is  reached,  and  this  elevation  is  generaUj 
maintained  with  minor  fluctuations  during  the  winter  and  spring 
months. 

At  such  times  the  Willamette  is  also  at  a  high- water  stage,  and 
steamers  which  navigate  it  may,  with  little  trouble,  ascend  the  San- 
tiam as  far  as  Jefferson. 

Snags  and  overhanging  trees,  which  encroach  somewhat  upon  tbe 
channel  width,  together  with  several  abrupt  bends,  constitute  tbe  only 
hindrances  to  high- water  navigation,  and  while  these  at  times  call  for 
careful  pilotage,  they  do  not  present  impassable  obstructions.  Two 
years  ago,  at  time  of  high  water,  the  steamer  Grey  EcLgle  made  one  trip 
to  Jefferson,  taking  out  a  load  of  freight,  and  this  is  the  only  trip  known 
to  have  been  made  on  the  river  for  a  number  of  years.  Before  railroad 
lines  traversed  this  section  the  then  limited  commerce  was  carried  bj 
occasional  st(*amers  during  the  high-water  stage,  but  under  the  present 
conditions  there  does  not  appear  sufficient  inducement  offered  steamers 
to  warrant  running  the  river  at  any  time. 

The  annual  shipment  of  grain  by  rail  from  Jefferson  is  estimated  at 
100,000  bushels  and  about  an  equivalent  amount  ground  into  flour. 

In  view  ot  tti^  iafc\i\Xv^\»\JcL^TCT^\^t\iQ\i^h  navigable  for  several  months 
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of  the  year,  is  practically  unused,  there  seems  to  be  no  object  in  attempt- 
ing to  better  its  high  or  low  water  condition,  and  therefore  the  Santiam 
from  Jefferson  to  the  Willamette  is  recommended  as  unworthy  of 
improvement  by  the  General  Government  at  the  present  time. 

Herewith  is  submitted  a  sketch*  showing  the  location  of  the  Santiam 
River  and  its  tributaries  with  relation  to  adjacent  country. 
Very  respectfully,  your  obedient  servant, 

W.  L.  FiSK, 
Oaptaifij  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers,  U.  8,  A. 

(Through  the  Division  Engineer.) 

[First  indorsement.] 

U.  S.  Engineer  Office,  Pacific  Division, 

San  Francisco,  CaL,  October  6, 1897. . 
Respectfully  forwarded. 
I  concur  in  the  views  and  recommendations  of  the  district  officer. 

Ghas.  R.  Suteb, 
Colonel  of  Engineers^  Division  Engineer. 


UU  10. 


SURVEY  OF  CLATSKANIE  RIVER  TO  TOWN  OF  CLAT8KANIE,  OREGON. 
[Printed  in  House  Doc.  No.  218,  Fifty-fifth  Cong^ress,  second  session.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington,  January  10, 1696. 

Sir:  I  have  the  honor  to  submit  the  accompanying  report,  dated 
December  20, 1897,  with  map,t  by  Capt.  W.  L.  Fisk,  Corps  of  Engineers, 
giving  the  results  of  a  survey  of  Clatskanie  River,  Oregon,  up  to  the 
town«of  Clatskanie,  made  to  comply  with  tbe  requirements  of  the  river 
and  harbor  act  of  June  3, 1896. 

Captain  Fisk  states  that  navigation  to  the  town  of  Clatskanie  may 
be  rendered  possible  at  all  stages  of  river  and  tide  by  cutting  a  short 
channel  across  the  bend  imme^liately  below  Manzunillo,  and  another 
from  the  bend  above  this  point  to  the  first  bend  below  the  town  of 
Clatskanie,  and  by  dredging  immediately  below  the  latter  point.  The 
cost  of  this  improvement,  giving  a  waterway  6  feet  in  depth  at  low 
water,  is  estimated  at  $13,000. 

In  view  of  the  large  amount  of  commerce  on  the  river  and  the  small 
sum  required  to  afford  tlie  desired  relief,  it  is  the  opinion  of  the  district 
officer,  concurred  in  by  the  division  engineer,  Col.  Chas.  R.  Suter,  Corps 
of  Engineers,  that  the  Clatskanie  River  is  worthy  of  improvement  by 
the  General  Government  to  the  extent  indicated. 

John  M.  Wilson, 
Brig.  Gen.,  Chief  of  Engineers, 

U.  8.  Army. 
Hon.  B.  A.  AiiGEB, 

Secretary  of  War. 

•  Not  printed. 

t  Not  reprinted.    Printed  in  Honse  Doo.  No.  218,  Fifty-fifth  Congreae,  §econd  seflsion. 


<    t 


I  I 


i, . 


ti 


t       ! 


/, 


>**s 


3050     REPORT  OP  THE   CHIEF   OP  ENGINEERS^  U.  8.  ABMT. 
REPORT  OF  OAPT.  W.  L.  FISK,  CORPS  OF  ENGINEBRS. 

United  States  Engineer  Office, 

Portland^  Oreg.<t  December  20, 1897. 

GeneraIi:  I  have  the  honor  to  submit  the  following  report  on  the 
survey  of  Clatskanie  Eiver,  Oregon,  to  the  town  of  Clatskanie,  made 
in  accordance  with  river  and  harbor  act  of  June  3, 1896,  and  the  Chief 
of  Engineers'  letter  dated  Septembers,  1896: 

01at8kanie  Kiver  is  a  tributary  of  the  Columbia,  which  it  enters  by 
means  of  connecting  sloughs  at  a  point  on  the  south  bank  about  65 
miles  below  Portland.  The  distance  from  the  month  to  the  town  of 
Clatskanie  is  3  miles  and  the  width  of  the  river  about  75  feet,  with  a 
depth  of  about  5  feet  at  low  water,  except  in  the  upper  portion,  where 
there  are  shoals  over  which  the  depth  at  low  water  is  from  2  to  3  feet 
The  river  is  exceedingly  winding  and  difficult  of  navigation  on  this 
account,  and  to  such  an  extent  during  freshets  that  its  passage  has 
been  found  to  be  impossible.  The  river  flows  through  alluvial  bottom 
land  with  banks  about  6  feet  above  low  water  and  over  which  the  river 
spreads  at  high  stages. 

Clatskanie  City,  the  head  of  navigation,  is  a  town  of  about  400  inhab- 
itants and  is  the  distributing  point  for  a  large  and  growing  section  of 
country.  The  principal  industries  are  agriculture,  lumbering,  and 
shingle  making.  The  returns  for  1896  of  the  principal  company  oper- 
ating on  the  river  show  that  about  20,000  tons  of  freight  were  handled 
during  the  year  and  22,500,000  feet  of  logs  and  piles  towed  out.  In 
addition  to  this  there  are  quantities  of  lumber  and  logs  handled  by 
smaller  towing  steamers  of  which  no  separate  return  could  be  obtained. 

The  draft  of  steamers  navigating  this  stream  varies  from  4  to  6  feet 

The  average  rise  of  tide  at  the  town  of  Clatskanie  is  about  3  feet^ 

Navigation  to  the  town  of  Clatskanie  may  be  rendered  possible  at 
all  stages  of  river  and  tide  by  cutting  a  short  channel  across  the  bend 
immediately  below  Manzanillo,  and  another  from  the  bend  above  this 
point  to  the  first  bend  below  the  town  of  Clatskanie,  and  by  dredging 
immediately  below  the  latter  point. 

The  following  is  the  estimated  cost  of  the  above  improvements,  giv- 
ing a  waterway  6  feet  in  depth  at  low  water,  as  shown  on  the  accom- 
panying map: 

New  channel,  450  feet  long.  40  feet  wide  at  bottom,  and  6  feet  deep  at  low  water, 
giving  a  cat  12  feet  in  depth  with  side  slopes  l\  to  1, 11,600  cabio  yards,  at 
20  cents 1 $2,320 

New  channel,  1,500  feet  long,  same  section  as  above,  38,670  cabic  yards,  at  20 
cents 7^734 

Dredging  river  1,000  feet  long,  cut  40  feet  wide  at  bottom,  6  feet  below  low 
water,  cut  being  4  feet  deep  with  side  slopes  as  above,  6,815  cable  yards,  at 
20  cents 1,30 

Removingsnags 100 

Contingencies,  etc 1,483 

Total 13,000 

In  view  of  large  amount  of  commerce  on  this  river  and  small  sum 
required  to  afi'ord  the  desired  relief,  the  stream  is,  in  my  opinion,  worthy 
of  improvement  by  the  General  Government  to  the  extent  indicated, 
from  its  mouth  to  the  town  of  Clatskanie. 

Very  respectfully,  your  obedient  servant, 

Oojptotn,  Carps  ofEngineen. 
Bng.  Gen.  John  M.  Wilson, 

Chief  of  Engineers  J  U.  8.  A. 

^T\iYOU^\i  t\i^  IivN've»\avi  ^w^ineer.) 
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[Tint  indorsement.] 

U.  S.  Engineer  Office,  Pacific  Division, 

San  FranciscOj  CaL^  December  27^  1S97. 

ai)ectfally  forwarded  to  the  Chief  of  Engineers,  United  States 

y- 

oncur  in  the  views  of  the  district  officer. 

Ghas.  E.  Suter, 
Colonel  of  Engineers^  Division  Engineer. 


U  U  II. 


'TJY  OP  WILLAMETTE  RIVER  OPPOSITE  SALEM,  OREGON,  WITH  A 
iW  OF  ASCER  PAINING  THE  NECESSITY  OF  CONSTRUCTING  A  REVET- 
NT  OR  DIKE  TO  MAINTAIN  THE  CHANNEL  AND  TO  PREVENT  THE 
PTING  OF  A  NEW  CHANNEL  THROUGH  THE  LOWLANDS  ON  THE 
FT  BANK. 

[Printed  in  Honae  Doo.  No.  120,  Fifty-fifth  Coni^esa,  seoond  seseion.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washington^  December  2, 1897. 

B:  I  have  the  honor  to  submit  the  accompanying  report  of  October 
i97,  with  map,*  by  Capt.  W.  L.  Fisk,  Corps  of  Engineers,  of  the 
Its  of  a  survey  of  the  Willamette  River,  immediately  opposite  the 
of  Salem,  Oreg.,  with  a  view  of  ascertaining  the  necessity  for  and 
acter  and  cost  of  constructing  a  revetment  or  dike  to  maintain  the 
*  in  its  present  channel  at  that  point  and  prevent  said  river  from 
ng  a  new  channel  through  the  lowlands  on  the  left  bank  thereof, 
B  to  comply  with  requirements  of  the  river  and  harbor  act  of  June 
9(). 

om  a  comparison  of  former  maps  with  the  present  survey,  together 

information  furnished  by  those  who  have  lived  in  the  vicinity  for 

s,  it  appears  that  no  marked  change  has  taken  place  in  the  channel 

dtly,  and  that  there  is  no  present  indication  of  change. 

the  opinion  of  Captain  Fisk,  the  construction  of  a  revetment  or 

at  this  point  is  unnecessary,  and  therefore  the  proposed  improve- 

b  is  unworthy  of  consideration  by  the  General  Government  at  the 

ent  time.    These  views  are  concurred  in  by  the  division  engineer, 

Charles  K.  Suter,  Corps  of  Engineers. 

>r  the  reason  that  the  work  is  considered  to  be  unworthy  of  being 
)rtaken  by  the  United  States,  no  estimate  of  cost  of  improvement 
bmitted. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig,  Oen.y  Chief  of  Engineers^ 

&.  8.  Army. 
>n.  B.  A.  Alger, 

Secretary  of  War. 

ot  reprinted.   Printed  in  Honse  Doc.  No.  120,  Fifty-fifth  Congress,  second  session. 
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3052      REPORT  OP  THE   CHIEP   OP   ENGINEERS,  U.  8.  ARMY. 
REPORT  OP  OAPT.  W.  L.  FISK,  CORPS  OP  ENGENRBRS. 

United  States  Engineer  Office, 

Portland,  Oreg.,  October  8, 1897. 

Oeneral:  I  have  the  honor  to  submit  herewith  a  report  on  sarvey 
of  the  "Willamette  River,  Oregon,  immediately  opposite  the  city  of 
Salem,"  made  in  accordance  with  river  and  harbor  act  of  Jnne  3, 1896, 
and  Chief  of  Engineers'  letter  dated  September  5, 1896.  The  terms  of 
the  law  relating  to  the  sarvey  are  as  follows: 

Willamette  River,  immediately  opposite  the  city  of  Salem,  with  a  view  of  ascer- 
taininf|r  the  necessity  for  and  character  and  cost  of  constracting  a  revetment  or  dike 
to  maintain  the  river  in  its  present  channel  at  that  point  and  prevent  said  river 
from  cutting  a  new  channel  through  the  lowlands  on  the  left  bank  thereof. 

The  Willamette  Eiver  makes  a  radical  change  of  course  just  in  front 
of  the  city  of  Salem,  deflecting  to  the  left  about  50  degrees,  and  because 
of  the  abrupt  bend  thus  made  it  has  been  apprehended  that  a  second 
channel  might  cut  through  the  lower  bank  opposite  Salem,  destroying 
the  county  bridge  approach  and  leaving  the  town  inland. 

The  river  and  its  banks,  both  above  and  below  Salem,  have  been  care- 
fully examined  and  surveyed,  and  the  results  are  submitted  herewith 
upon  the  accompanying  tracing.  The  average  low-water  width  of  this 
stretch  of  river  is  about  800  feet,  and  the  depth  varies  from  2  to  20  feet 

The  bank  on  the  left  is  mainly  clay  and  sand  upon  a  foundation  of 
gravel,  and  varies  in  height  from  12  to  20  feet  above  the  plane  of  low 
water.  On  the  right,  above  the  city,  the  bank  is  a  gravel  bar  from  3  to 
5  feet  in  height  above  low  water,  while  along  the  city  front  the  bank  is 
from  20  to  50  feet  in  height,  and  is  of  similar  material  to  that  on  the  left 
side. 

A  swale  in  the  left  bank,  just  above  the  bend  of  the  river,  is  noted 
upon  the  accompanying  tracing.  This  swale  was  formerly  swamp  land 
and  became  an  overflow  channel  during  time  of  freshet,  but  of  recent 
years  it  has  been  largely  filled  with  deposit  of  gravel,  and  at  its  head  a 
heavy  growth  of  willows  and  accumulated  drift  now  form  an  excellent 
protection. 

As  the  bank  at  the  head  of  the  swale  is  about  12  feet  above  the  low- 
water  level,  the  river  in  rising  must  first  overspread  the  expansive 
gravel  bar  on  the  opposite  side  before  overflowing  at  this  point,  and 
then  the  force  of  the  current  on  the  left  bank  is  much  reduced  and  its 
inclination  is  to  continue  along  the  Salem  bank. 

Comparison  of  former  maps  with  the  present  survey,  together  witli 
information  furnished  by  those  who  have  lived  in  the  vicinity  for  years, 
leads  me  to  believe  that  no  marked  change  has  taken  place  in  the  chao* 
nel  of  late  and  that  there  is  no  present  indication  of  change. 

It  is  believed  that  the  construction  of  a  "revetment  or  dike"  at  this 
point  is  unnecessary,  and  therefore  the  proposed  improvement  is  rec- 
ommended as  unworthy  of  consideration  by  the  General  Government 
at  the  present  time. 

Very  respectfully,  your  obedient  servant, 

W.  L,  PiSK, 
Captain^  Corps  of  Engineen. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers,  U,  8.  A. 

(Through  the  Division  Engineer.) 


/ 
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[First  indoraement.] 

XJ.  S.  Engineer  Office,  Pacific  Division, 

San  Franciscoj  CaL^  October  llj  1697. 

Bespectfally  forwarded  to  the  Chief  of  Engineers,  XJ.  S.  A. 
I  concur  in  the  views  of  the  district  officer. 

Ohas.  E.  Suter^ 
Colonel  of  Engineers^  l>ivi8ion  Engineer. 


UU    12. 


SURVEY  OF  TUALITIN  RIVER,  OREGON,  FROM  THE  TOWN  OF  TUALITIN 

UP  TO  GASTON,  AND  OF  THE  DAIRY  FORK  UP  TO  LOUSIGNANT  LAKE. 

• 

[Printed  in  House  Doo.  No.  221,  Fifty-fifth  Congress,  second  session.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army, 
Washingtonj  January  11, 1898. 

Sir:  I  have  the  honor  to  submit  the  accompanying  copy  of  report, 
dated  December  20,  1897,  with  map,*  by  Capt.  W.  L.  Fisk,  Corps  of 
Engineers,  giving  the  result*  of  a  survey  of  Taalitin  Eiver  from  the 
town  of  Tualitin  up  to  Gaston,  and  of  Dairy  Fork  to  Lousi^nant  Lake, 
in  the  State  of  Oregon,  made  to  comply  with  the  requirements  of  the 
river  and  harbor  act  of  June  3, 1896. 

Captain  Fisk  states  that  any  improvement  of  either  stream  would 
necessarily  entail  the  straightening  of  its  course,  and,  thus  increasing 
the  low- water  slope,  would  decrease  the  depth,  already  small,  on  the 
various  shoals.  The  clearing  out  of  the  river  would  also  produce  the 
same  result  and  cause  further  decrease.  The  construction  of  locks  and 
dams  would  therefore  be  necessary  before  navigation  of  the  upper  por- 
tions could  be  carried  on. 

The  estimated  cost  of  the  work,  which  it  appears  necessary  to  carry 
out  to  secure  convenient  navigation,  is  $407,000,  and  it  is  the  opinion 
of  Captain  Fisk,  concurred  in  by  the  division  engineer,  Col.  Chas.  E. 
Suter,  Corps  of  Engineers,  that  the  interests  involved  would  not  justify 
so  great  an  expenditure. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.y  Chief  of  Engineers^ 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 


BBPORT  of  capt.  W.  L.  FISK,  CORPS  OF  ENGINEERS. 

United  States  Engineer  Office, 

Portland^  Oreg.^  December  20^  1897. 

General:  I  have  the  honor  to  submit  the  following  report  on  the 
survey  of  Tualitin  Kiver,  Oregon,  from  the  town  of  Tualitin,  at  the 
crossing  of  the  narrow-gauge  railroad,  up  to  the  crossing  of  the  Oregon 

*Not  reprinted.  Printed  in  House  Doo.  No.  221,  Fifty-fifth  Congress,  second 
session. 
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3054     REPORT  OP  THE   CHIEP  OP  ENGINEERS,  U.  8.  ARMT. 

and  Galifornia  BaUroad,  at  Oaston,  and  np  Dairy  Fork  of  said  river 
from  its  junction  therewith,  near  Hillsboro,  to  Lousignant  Lake,  in 
accordance  with  river  and  harbor  act  of  June  3, 1896,  and  letter  of 
Chief  of  Engineers,  dated  September  5, 1896. 

The  Tualitin  Biver  rises  in  the  Coast  Range  and  flows  into  the  Wil- 
lamette Biver  about  2  miles  above  Oregon  City.  The  portion  surveyed, 
from  Gaston  to  Tualitin,  has  a  length  of  about  57  miles,  the  width  vary- 
ing from  40  feet  at  Gaston  to  160  feet  at  Tualitin.  The  banks  vary  m 
height  from  10  feet  to  25  feet  at  these  points.  The  total  fall  in  this 
distance  is  about  60  feet.  The  gpreater  fall  occurs  in  the  first  23  mile^ 
in  the  upper  portion  of  which  it  averages  2.7  feet  per  mile.  In  the  lower 
portion  the  depth  and  slope  are  affected  by  a  dam  constructed  by  the 
Oregon  Iron  and  Steel  Company  at  a  point  a  short  distance  below 
Tualitin. 

The  present  obstructions  to  lo^-water  navigation  are  the  extreme 
crookedness  of  the  river,  numerous  rapids  and  shoals  over  which  the 
thread  of  the  stream  wanders  from  bank  to  bank  (a  continuous  succes- 
sion in  the  upper  portion),  of  submerged  logs,  and  the  frequent  occur- 
rence of  log  and  drift  jams  varying  from  200  feet  to  over  1  mile  in 
length.  The  extreme  narrowness  of  the  channel  would  also  render 
navigation  impossible,  and  it  does  not  appear  that  the  flow  is  sufficient 
to  maintain  a  channel  of  naAigable  size.  At  Dilley,  5  miles  below 
Gaston,  the  upper  limit  of  the  survey,  a  dam  has  been  placed  across 
the  river  to  provide  a  water  power  for  operating  the  flouring  mill  at 
that  point.  The  fall  from  the  crest  of  the  dam  to  the  water  surface 
below  is  9.3  feet  at  low  water. 

Dairy  Fork  enters  on  the  north  bank  of  the  main  stream,  near  Hills- 
boro.  The  portion  surveyed  extends  back  for  a  distance  of  about  13 
miles  to  the  so-called  Loubignant  Lake,  a  dry  plain  at  the  time  the  sur- 
vey was  made.  This  fork  is  about  40  feet  wide  where  it  joins  the 
Tualitin,  and  but  12  feet  wide  where  it  leaves  Lousignant  Lake.  The 
banks  are  from  15  feet  to  25  feet  in  height  throughout,  and  the  total 
fall  is  about  50  feet,  or  an  average  of  4  feet  per  mile. 

The  river  is  surrounded  by  railroads,  and  unless  that  portion  of  the 
river  from  Tualitin  to  the  Willamette  were  opened  by  the  construction 
of  locks  and  dams  the  river  would  merely  act  as  another  route  to  the 
railroad  at  Tualitin,  or  by  portage  from  this  point  the  freight  could  be 
reshipped  on  the  Willamette  Biver.  There  are  numerous  county  roads 
throughout  the  district  and  to  a  majority  of  producers  the  railroat^ 
afford  nearer  points  of  shipment  than  the  river.  It  may  be  noted  in 
this  connection  that  were  the  river  navigable  the  distance  to  Portland 
from  points  on  it,  shipping  by  river,  would  be  from  two  to  three  times 
greater  than  to  ship  by  either  rail  or  wagon  road,  and  the  time  con- 
sumed per  mile  in  transit  far  greater  by  the  river  route. 

The  river  has  formerly  been  cleared  of  drift  by  private  enterprise,  and 
steam  navigation  carried  on,  when  the  stage  of  the  river  permitted,  for 
a  few  years  previous  to  the  construction  of  the  railroad  on  the  south 
bank,  but  without  success. 

Small  towing  steamers  are  at  present  operated  handling  logs  on  the 
lower  i)ortion  of  the  river  where  slack- water  navigation  is  afforded  hy 
the  dam  below  Tualitin. 

The  only  advantage  that  it  is  believed  would  accrue  to  the  surroand- 
ing  country  through  the  clearing  out  of  the  river  would  be  the  naore 
efficient  drainage  and  consequent  reduction  in  the  height  and  duration 
of  floods  which,  under  present  conditions^  cover  large  areas  of  farm 
land  adjoining  the  river. 


APPENDIX  U  U — REPORT  OP  MAJOR  PIBK.  3055 

Any  improvement  of  either  stream  would  necessarily  entail  the 
straighteuing  of  its  present  course^  aud  thus  increasing  the  low-water 
slope,  decrease  the  depth,  already  small,  on  the  various  shoals.  The 
clearing  oat  of  the  river  would  also  produce  the  same  result  aud  cause 
further  decrease.  The  construction  of  locks  and  dams  would  therefore 
be  necessary  before  navigation  of  the  upper  portions  could  be  carried  ou. 
Taking  into  account  the  great  expense  of  any  improvement  and  the 
large  annual  expenditure  that  would  be  necessary  to  keep  the  stream 
open,  as  compared  with  any  possible  reduction  in  freight  rates,  I  am  of 
opinion  that  the  stream  is  not  worthy  of  improvement  by  the  General 
Government. 

A  tracing*  of  the  survey,  showing  the  river  and  a  profile  along  the 
center  of  its  channel,  is  submitted  herewith. 

Very  respectfully,  your  obedient  servant, 

W.  L.  FiSK, 
Captain^  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A, 

(Through  the  Division  Engineer.) 

[First  indonenuflit.] 

U.  S.  Engineer  Office,  Pacific  Division, 

San  Franciscoy  Cal.^  December  27^  1897. 

Respectfully  forwarded  to  the  Chief  of  Engineers,  United  States 
Army. 

I  concur  in  the  views  of  the  district  officer. 

Chas.  B.  Suteb, 
Colonel  of  Engineer s^  Division  Engineer, 

*  Only  the  smaU  ii^dex  map  printed. 
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APPENDIX  V  V. 


IMPBOVEMENT  OF  CERTAIN  RIVERS  AND  HARBORS  IN  WASHINGTON, 

IDAHO,  AND  MONTANA. 


JBEPORT  OF  CAPT.  HARRY  TAYLOR,  CORPS  OF  ENGINEERS,  OFFICER 
IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1898,  WITH 
OTHER  DOCUMENTS  RELATING  TO  THE   WORKS. 

IMPROVSMEMTS. 


1.  Willapa  River  and  Harbor,  Washing- 

ton. 

2.  Grays    Harbor    and    Bar    entrance, 

Washington. 

3.  Cbehalis  Kiver,  Washington. 

4.  Paget  Soand  and  its  tribatary  waters, 

Washington. 

5.  Olympia  Harbor,  Washington. 

6.  Waterway  connecting  Puget    Sonnd 

with  Lakes  Union  and  Washington. 


7.  Eyerett  Harbor,  Washington. 

8.  Bwinomish  Sloaffh,  Washington. 

9.  Kootenai  River,  Idaho,  between  Bon- 

ners  Ferrv  and  the  international 
boundary  line. 

10.  Kootenai    River    above    Jennings, 

Montana. 

11.  Flathead  River,  Montana. 


SXAMINATION. 

12.  Neah  Bay,  Washington. 

SURYBTS. 


18.  Month  of  Willapa  River  and  Mail- 
boat  Slough,  Washington. 

14.  QuUlayute  River  and  Harbor,  Wash- 

ington. 

15.  Descnutes  River  at  entrance  in  Olym- 

pia  Harbor,  Washington. 

16.  Puyallup  River,  Washington. 


17.  Duwamish  River  and  its  tributaries, 

Washington. 

18.  Skagit  River,  Washington. 

19.  Okanogan  River,  Washington. 

20.  Pend  Oreille  River,  Idaho  and  Wash- 

ington. 


United  States  Engineer  Offiob, 

Seattle^  Wash.,  July  16j  1898. 

General:  I  have  the  honor  to  forward  herewith    •    •    •    annaal 

reports    *    *    *    of  the  river  and  harbor  works  in  my  charge  for  the 

year  ending  Jane  30, 1898,  as  follows: 

•  •••••• 

Very  respectfallyy  your  obedient  servant, 

Harry  Taylor, 
Captain^  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineer e^  U.  8.  A, 
KNa  98 ^192  8067 
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V  V  I. 

IBIPROVEMENT  OP  WILLAPA  BIYEB  AND  HARBOR,  WASHINGTON. 

(For  previoas  history,  see  page  508,  Annual  Beport  of  the  Chief  of 
Engineers  for  1897.) 

Flan  of  improvement — ^The  plan  of  improvement  adopted  consists  in 
building  a  dike  of  piles,  brush,  and  stone  across  the  head  of  Mailboat 
Slough,  in  order  to  concentrate  the  ebbing  and  flooding  currents  into 
the  main  channel,  and  thereby  produce  as  great  a  scour  as  possible  on 
the  shoals  at  the  head  and  foot  of  the  sloagh.  Also  to  dredge  a  chan- 
nel 100  feet  wide  and  8  feet  deep  at  low  water  through  the  reef  jnst 
below  Willapa  City,  and  to  close  Louderback  Slough  with  a  pile,  brash, 
and  stone  dike,  with  the  object  of  compelling  the  currents  to  scour  a 
channel  through  the  bar  in  the  river  at  its  lower  end.  The  estimated 
cost  of  the  work  is  $31,350. 

The  project  of  August  29, 1894,  approved  by  the  Chief  of  Engineers, 
also  provides  for  cutting  a  channel  through  the  log  jam  of  North  River, 
a  tributary  of  Willapa  Harbor. 

Results  obtained  during  the  fiscal  year  ending  June  30j  1898. — ^The  work 
csdled  for  by  the  project  having  been  completed,  no  work  was  done 
during  the  year  and  no  additional  results  were  obtained.  The  improved 
channel  maintained  itself  and  the  dikes  showed  but  little  settlement 

Recommendations  and  remarks, — ^It  is  believed  that  the  effect  of  the 
Mailboat  Slough  dikes  has  been  about  as  great  as  can  be  expected. 
Willapa  Harbor  has  a  comparatively  easy  entrance,  with  a  depth  of 
about  21  feet  at  mean  lower  low  water.  The  average  rise  of  the  tide 
is  8  feet.  The  harbor  entrance  is  thus  sufficient  for  the  general  class 
of  coasting  vessels,  but,  owing  to  the  shoals  below  South  Bend,  tbey 
can  not  reach  the  city,  and  the  commerce  of  the  harbor  suffers.  In 
order  to  make  the  inner  harbor  depths  correspond  with  the  bar  depths 
a  channel  20  feet  deep  at  mean  lower  low  water  would  have  to  be 
dredged  through  two  shoals  below  South  Bend. 

The  dikes  already  built  will  probably  need  occasional  repairs,  bnt 
the  funds  already  appropriated  will  be  sufficient  to  maintain  them  for 
several  years.  Some  further  work  may  be  necessary  to  keep  an  open 
passage  through  the  log  jam  in  the  North  Biver,  and  if  the  balance  of 
the  appropriation,  or  so  much  thereof  as  might  be  necessary,  could  be 
made  available  for  the  purpose,  the  work  could  be  done  without  further 
appropriations. 

Thefunds  already  appropriated  being  sufficient  to  complete  the  project, 
no  recommendation  for  future  appropriations  is  made,  but  it  is  recom- 
mended that  the  balance  remaining  after  completing  the  WiUapa  Biver 
and  Harbor  work,  or  so  much  thereof  as  may  be  necessary,  be  made 
available  for  opening  a  channel  through  North  Biver  jam. 

Future  operations. — ^The  dikes  will  h^  repaired  from  time  to  time  as 
may  be  necessary. 

Money  statement. 

July  1, 1897y  balance  UDOxpended $3»?77.30 

JimeSO,  189i3,  amount  expended  during  fisoal  year 250.00 

Jnly  1, 1898,  balance  unexpended 3,327.30 

Appropriations. 
Act  of— 

July  13, 1892 A $18,000 

August  18, 1894 13,350 

Total SI,  850 
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COBfMERCIAL  STATISTICS. 


WiTlapa  is  in  the  collection  district  of  Paget  Sound.  The  nearest  light-hoose  is 
on  Toke  Point,  at  the  north  side  of  the  entrance. 

The  followiDj;  statistics  relative  to  the  commerce  of  Willapa  River  and  Harhor 
^ere  furnished  by  Mr.  Marion  D.  Egbert  and  are  for  the  calendar  year  1897 : 


SHIPPING. 


ArrivaU  and  departures  of  veaselt. 


Arrived  coastwise : 

Steamers 

Suling  vessels  . 


Number. 


10 
55 


Maximum 
draft  of 
water. 


Ft.  In. 
17    0 
20    6 


Aggregate 

gross 

tonnage. 


7.011 
15. 159 


Steamers  and  vessels  departing  were  the  same.    Two  steamers  are  engaged  in  local 
trafllc  on  the  bay. 

Exports  and  imports. 


Exports. 

Imports. 

Quantity. 

188 

2,940 

161 

32 

Value. 

Quantity. 

Value. 

Cranberries.... - -.- 

$25,000 

104,440 

8.700 

3.600 

Tons. 

Shellfish 

Fish,  fresh 

Salmon,  canned  .     

Merchandise ,-„^,.,,,,,, ,,,..., , 

218 

$14,780 

L>  timber 

84,276 

156,693 

Total 

37,597 

298. 433 

218 

U,730 

V  V   2. 
IMPROVEMENT  OF  GRAYS  HARBOR  AND  BAR  ENTRANCE,  WASHINGTON. 

(For  previous  history,  see  page  509,  Annual  Eeport  of  the  Chief  of 
Engineers  for  1897.) 

Plan  of  improvement — ^The  projiosed  plan  of  improvement  is  to  con- 
trol, by  means  of  a  single  jetty  extending  out  to  sea  from  the  point  on 
the  south  side  of  the  harbor  throat,  a  distance  of  about  3^  miles,  the 
ebbing  and  flooding  waters  to  a  sufficient  extent  to  concentrate  and 
direct  upon  the  bar  a  much  greater  portion  thereof  than  would  natur- 
ally go  there.  It  is  expected  that  a  depth  across  the  bar  of  24  feet  at 
mean  lower  low  water  will  be  obtained. 

The  jetty  is  to  be  of  rubblestone  built  above  high-tide  level.  The 
estimated  cost  of  the  work  is  $1,000,000. 

A  full  description  of  this  work  with  plan  is  published  in  the  Eeport 
of  the  Chief  of  Engineers  for  1895,  pages  3517-3528. 

In  accordance  with  the  authority  granted  by  the  act  making  the  first 
appropriation  for  the  work  a  ^^continuing  contract"  has  been  let  for  the 
entire  work. 

Results  obtained  during  the  fiscal  year  ending  June  30j  1898, — A  con- 
tract was  made  and  the  work  begun.  A  receiving  wharf  was  built  on 
the  harbor  side  of  the  point  from  which  the  jetty  is  to  project,  a  trestle 
about  7,000  feet  long  constructed  across  the  sand  spit  from  the  receiv- 
ing wharf  to  the  jetty  proper,  and  a  large  plant  prepared  for  the  rapid 
execution  of  the  work. 
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Bepart  of  operations. — ^Proposals  were  first  received  on  July  9, 1897, 
for  the  ezecation  of  the  entire  work.  On  account  of  the  lowest  bidders 
being  nnable  to  furnish  stone  of  the  required  size^  and  quality  from 
the  places  specified,  and  for  other  reasons,  all  bids  were  rejected  and 
the  work  readvertised.  Proposals  were  again  received  December  10, 
1897.  The  proposaJ  of  the  Hale  &  Kern  Contract  Company  received 
on  the  latter  date  was  accepted  and  a  contract  entered  into. 

The  winter  months  were  spent  in  the  necessary  preparation  for  the 
work,  and  work  in  the  field  did  not  actually  begin  until  March  10, 1S9S. 
Since  that  time  the  progress  has  been  as  rapid  as  could  be  expected. 
The  preliminary  work,  including  the  building  of  a  large  and  commodi- 
ous receiving  wharf,  bunk  and  mess  houses,  etc.,  and  about  7,000  feet 
of  trestle  across  the  sand  spit  from  the  wharf  to  the  jetty  proper  was 
nearly  completed  and  the  work  put  in  such  a  shax>e  as  to  permit  of  rapid 
progress  in  the  future.  The  south  tongue  of  the  wharf  was  completed 
and  all  the  piles  driven  and  half  the  caps  placed  in  the  north  tongae. 
The  grillage  for  storage  purposes  was  partly  finished.  The  piles  in  the 
trestle  across  the  sand  spit  from  the  wharf  to  the  jetty  proper  were 
driven  all  the  way  firom  the  wharf  to  within  650  feet  of  the  high-water 
line  on  the  ocean  side,  the  caps  and  the  stringers  for  one  track  laid  and 
the  rails  of  one  track  partly  laid. 

A  survey  of  the  bar  was  made  between  June  7  and  June  22, 1898. 

The  amounts  of  material  placed  under  the  contract  are  as  follows: 
03,355  linear  feet  piling,  037,439  feet  B.  M.  lumber,  67.683  tons  steel 
rails,  and  28,203  pounds  iron. 

Becommendations  and  remarks. — ^The  contractors  are  making  their 
plans  to  complete  the  work  in  the  fall  of  1900.  To  do  this  they  are  pro 
viding  a  very  large  and  expensive  plant,  including  seven  seagoing 
barges,  with  a  capacity  of  1,500  tons  each,  and  a  seagoing  tug.  The 
plant  at  the  jetty  will  be  such  as  to  enable  them  to  easily  unlo^  a  fall 
barge  load  of  rock  in  eight  hours,  and  the  plant  at  their  quarry  will  be 
ample  to  load  at  acorresponding  rate.  Theother  work  is  exx>ected  to  pro- 
gress rapidly  enough  to  keep  ahead  of  the  rock  work.  The  aggregate 
estimated  quantity  of  rock  required  is  570,000  tons.  If  the  contractors 
succeed  in  placing  in  the  jetty  an  average  of  20  barge  loads  of  rock  per 
month  for  four  months  this  season,  and  the  same  amount  per  month  for 
eight  months  next  season  and  the  season  thereafter,  they  would  tiien 
finish  the  contract  in  the  fall  of  1900.  There  seems  to  be  no  reason  why 
the  work  should  not  be  carried  on  with  the  plant  which  has  been  spe- 
cially provided  at  least  this  fast.  This  plant  will  when  completed  have 
cost  in  the  neighborhood  of  $200,000,  and  with  such  an  expensive  plant 
it  can  readily  be  appreciated  that  every  effort  will  be  made  to  utilize  it 
to  its  fullest  capacity,  and  if  the  rock  can  be  put  in  more  rapidly  than 
estimated  above,  it  will  be.  It  must  also  be  remembered  that  the  tres- 
tle from  which  the  rock  is  dumped  can  not  be  expected  to  long  with- 
stand the  winter  storms,  and  any  loss  of  the  trestle  is  liable  to  cause  vexa- 
tious delay  in  the  work,  as  well  as  additional  cost.  It  is  therefore 
extremely  important  for  the  interests  of  the  United  States,  as  well  as 
for  the  interests  of  the  contractors,  that  the  work  be  carried  to  comple- 
tion as  rapidly  as  possible. 

The  amount  already  appropriated  is  $370,000.  The  estimated  valae 
of  the  contract  is  $769,870.  In  order  that  the  work  may  not  be  delayed 
from  lack  of  funds,  the  full  amount  required  for  its  completion  should 
be  available  during  the  fiscal  year  ending  June  30, 1900,  and  in  order 
to  cover  the  expenses  of  inspection,  etc.,  as  well  as  the  contract  work, 
an  appropiiation  of  $500,000  is  recommended. 


/ 


tf 


APPENDIX  V  V — REPORT  OP  CAPTAIN  TAYLOR.     3061 

Future  operations. — It  is  expected  that  the  jetty  will  be  extended  sea- 
ward between  2,000  feet  and  3,000  feet  during  the  present  season,  and 
8,000  feet  to  10,000  feet  additional  next  sammer,  and  completed  the  year 
after  that,  or  by  the  end  of  the  season  of  1900,  provided  there  are  funds 
available. 

Money  statement. 

Jnly  1,  1897,  balance  unexpended $368,728.24 

J  nne  30, 1898,  amount  expended  during  fiscal  year 7, 674. 62 

Jnly  1, 1898,  balance  unexpended 361,053.62 

July  1, 1898,  outstanding  liabilities $2, 000. 00 

July  1, 1898,  amount  coYered  by  uncompleted  contracts 766,942.90 

768, 942. 90 

(Amount  (estimated)  required  for  completion  of  existing  project 630, 000. 00 
Amonnttnatcan  beprofitably  expended  in  fiscal  year  ending  June  30, 1900  500, 000.00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Appropria  iiang. 

Act  of  June  3, 1896 $20,000 

Act  of  June  4, 1897 350,000 

Total 370,000 


Ahatraot  of  proposals  received  by  Capt,  Harry  Taylor,  Corps  of  Engineers,  in  response  to 
adverUsement  dated  November  8,  1S97,  for  construction  of  a  jetty  at  Grays  Harbor, 
Washington, 

[Bids  opened  December  10, 1897.] 


MateriAl. 

1.  Wakefield  & 

Jacobsen. 
Portland,  Oreg. 

2.  Philip  Bnehner, 
Portland,  Oreg. 

8.  Heldmaier 

&Nea, 
Chicago,  111. 

4.  Hale  &  Kern 

Contract  Co., 

Portland,  Oreg. 

Bid. 

Amoant. 

Bid. 

Amount. 

Bid. 

Amount. 

Bid. 

Amoant. 

PIlM,  310.000  feet 

2,470,000  feet 

$0.11 
11.00 

$34,100.00 
27, 170. 00 

10.12 
15.00 

$37,200.00 
87,060.00 

$0.13| 

$41,860.00 

$0.11 
11.00 

$34,100.00 
27,170.00 

2,700,000  feet 

15.00 

40.600.00 

Steel  railroad  rails: 

690  tons  SO-poand 

45.00 

26,660.00 

50.00 

29,600.00 

40.00 

23,600.00 

792  tone  iO-poand 

37.40 

.04 
.76 

.781 
.78 
.78 
.72 

29,620.80 

4,000.00 
83,750.00 

98.126.00 

196,250.00 

98,125.00 

60,400.00 

Iron  atirrape   and   bolts, 
100,000  ponnds 

.76 

L16 
1.16 
1.16 
1.16 

8,600.00 
33,750.00 

145. 000. 00 

200. 000. 00 

145,  OOU.  00 

81,200.00 

.06 
.85 

1.11 
1.11 
1.11 
1.11 

6,000.00 
88,260.00 

138,750.00 

277, 600. 00 

138,750.00 

77,700.00 

.04 
1.20 

1.10 
1.10 
1.10 
LIO 

4,000.00 
64,000.00 

187,600.00 

275.000.00 

137,500.00 

77,000.00 

Brush,  46,000  cnbio  yards . . 
Stione: 

SiceA,  126,000  tons.... 

SiseB,  250,000  tons.... 

Sise  C,  126,000  tons  .... 

Sise  D,  70,no  tons 

Total 

a786,270.00 

a780,700.00 

6692,620.80 

a769,870.00 

a  Gauge  of  track,  narrow. 


b  Oaage  of  track,  standard. 


Contract  awarded  to  the  Hale  &  Kern  Contract  Company. 


» 


V 


If 


«-         ■  < 


3062      BEPORT  OF  THE  CHIEF   OF  ENOINEEHS,  U.  8.  ARMT. 


Ah$irQet  of  propoiaU  received  hf  Capi.  Barry  Taylor,  Corps  of  Engineersy  w  reqmuf  U 
adveriiHmefnt  dated  May  10, 1897,  for  oonstruetum  of  a  jelly  at  Grays  Earber,  Wuk- 
iugUm, 

[Bids  opened  July  9, 1897.] 


i 


? 


\    !•. 


y 


f     i 


1  I 


MAteriaL 


Pilen,  262.000  lineM*  feet 

LuDiImT: 

1,8T0.(K0  f«et  B.  M.  for 


n«rriiw  gauge 

2,uri0  0<)0  feet  B.  M.  for 

Btnudanl  fcaage 

Steel  ruilroad  mile : 

452  tons  (30  pounds  per 

yard) 

eoiS  tons  (40  pounds  per 

yardj  

Inm  stirmps  and  bolts,  83,* 

000  poumU 

Brocih,  45,000  cubic  yards  • . 
Stone: 

Size  A,  125.000  net  tons. 
Size  B,  25U.000  net  tons. 
Sice  C,  125.000  net  tons. 
Size  D,  70,000  net  tons. . 


The  Columbia 

Construction  Co., 

Portland,  Oreg. 


Bid. 


Amount. 


$0.15  139,300.00 


10.00 


50.00 


.05 
L25 


Chaa.  £.  Cotton.      Tr„-..*«.   e..»««« 
Oakland,Cal.,and  ^S^Sffn^^I^ 


Bid. 


10.10 


$26,200.00 


29,020.00 


22,fl0a00 


4,150.00 
56,250.00 


1.25  156.250.00 
1. 25  ;312, 500. 00 
1.25  156,250.00 
1.10  105,000.00 


11.00 


32.00 

.03 
1.00 

1.35 

L35 

1.35 

.90 


Amount. 


22,550.00 


Bid. 


Amount. 


Bnehner&Iber- 
kels«ai.  Port- 
land, Or^. 


Bid.  .JLDMGr. 


$0.16i'^43,2SO.OO     $ai2 


11.50 


19,456.00  '  40.00 


Total 


882,220.00 


2,490.00 
45,000.00 

1S8,750.00 

337.500  00 

1(18,750.00 

60, 300. 00 


.03 
.70 

1.53 
1.53 
1.35 
1.20 


i93i.4fe.oo 


23,575.00 


15.00    28.a30.« 


859,996.00 


24,320.00 

2, 490. 00 
31, 500.  OO 

191, 250. 00 

3n2, 500. 00 

168,  7:>0. 00 

84,000.00 


951,615.00 


50.00  I  22,eD0.l» 


.06     4Wr.»» 
.  85    3?  :■*  '•■' 

.9»<t'j44  :::»■'« 

.98^  ®.9»'.iS 


6aTTD.« 


MateriaL 


Piles,  262,000  linear  feet 

liUnilHT: 

1.870,000  feet  B.  M.  for 


narrow  nuge 

2,050,000  feet  B.  M.  for 

standard  gange 

Steel  railroad  rallH : 

452  tons  (30  pounds  per 

yard) -. 

608  tons  (40  pounds  per 

yanl) 

Iron  stirrups  and  bolts,  83,- 

000  pounds 

Brush,  45,000  cubic  yards . . . 
Stone: 

Size  A,  125.000  net  tons.. 
Size  B,  250.000  net  tons . . 
Size  C,  125,000  net  tous.. 
Size  D,  70,000  net  tons. . . 


Total 


Heldmaier  Sc  Ken, 
Chicago,  111. 


Bid.     Amount. 


$ai6  $41,920.00 


15.00 


38.50 

.05 
.60 

.69 
.60 
.60 

.75 


30,750.00 


23,408.00 

4,150.00 
22,500.00 

86. 250. 00 

172,500.00 

86,250.00 

52, 500. 00 


C.  A.  Warren, 

San  Francisco, 

Cal. 


Hale  Sc  Kern  Con- 
tract Co.,  Port- 
land, Oreg. 


Bid. 


$0.11 


13.00 


Amount. 


$28,820.00 


Bid. 


$0.00 


10.00 


$23,580.00  $0.10    :43B.3n.«( 


26,650.00 


24,92&00 

4.150.00 
63,000.00 


41.00 

.05 
1.40 

1.80  162,500.00 
1.30  325.000.00 
1.30  |162,500.00 
1. 20     84, 000.  00 


30.00 


.03 
.80 

1.10 
1.10 
1.10 
1.10 


Amount. 


I.  V.  HflS£.  jr, 
PittBbnrg:  P». 


Bid.  IAbkouiL 


18,700.00 


13,560.00 


2,490.00 
36,000.00 

137. 500. 00 
275, 000. 00 
137.500.00 


10.00 


47.00 


a,50o.«« 


28.576.* 


.02^'   2.«' * 
.70    .  M.5i»» 

L65  206.  y-O* 
1.37  5*2,51"* 
L30     lG,^v* 


520,228.00 


.1881. 


548.00 


77,000.00     1.07    1  :4.»'« 


721,330.00 


.,89S.m<« 

I 


All  bids  rejected. 


List  of  eontraots  in  force  during  fiscal  year  1897-1898. 


Kame  of  contractor. 


Hale  &  Kern  Coiitrsct  Co. 


Date  of 

contract. 


Jan.  26,1898 


Bate  of 
approval. 


Feb.  23,1898 


Time  of  com-      Tiaeof 
menoement.  !  oeoaplctuA- 


May    l,18«iSept.»,l« 
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COSOfEBCIAL  STATISTICS. 


Grays  Harbor  is  in  the  collection  district  of  Paget  Sound.  Aberdeen  is  the  sub- 
port  of  entry. 

A  new  light-house  has  been  constructed  on  the  south  side  of  the  harbor  entrance. 

The  following  information  relatiye  to  the  commerce  of  Grays  Harbor  for  the  cal- 
endar year  1897  was  furnished  by  Mr.  B.  £:  Dawdy,  of  Hoqniam,  Wash. : 


SHIPPING. 


Arrivals  and  departures  of  vessels. 


Depar- 
tares. 


Steamers,  coastwise 

Sailing  vessels,  coastwise. 
Foreign 


Eighty-eight  million  and  twenty  thousand  feet  of  lumber  were  shipped  from  the 
harbor  during  the  year,  of  which  4,238,000  went  foreign. 

The  number  of  passengers  arrived  by  sea  during  the  year  was  124 ;  the  number 
of  passengers  departing,  84. 

The  maximum  draft  of  loaded  vessels  was  17i  feet. 

One  steamer,  draft  13  feet  8  inches,  and  one  schooner^  draft  13  feet,  were  built 
daring  the  year. 

Exports  and  imports. 


Class  of  goods. 

Exports. 

Imports. 

Quantity. 

Value. 

Quantity. 

Value. 

Hanlcet  stock ■ 

Tons. 

1,522 
145,308 

$23,000 
617,003 

Tons. 

LiQiiiber  and  Drodiicts 

'M'ArthinArv  and  hftrdwftra 

256 

3,422 

400 

$36,120 

3M,024 
1.600 

Rtone - 

Total 

U6,830 

640,003 

4^078 

431,744 

RKPOBT  OF  MB.  J.  M.   CLAPP,  ASSISTANT  RNQINEBR. 

Wkstport,  Wash.,  July  11, 1898. 

CAFTAm :  I  have  the  honor  to  make  the  following  report  of  a  survev  of  t]^e  entrance 
to  Grays  Harbor,  made  in  accordance  with  your  instructions.  The  field  work  lasted 
from  June  7  to  June  23. 

The  work  done  included  the  topography  of  the  headland  known  as  Damons  Point, 
on  the  north  side  of  the  entrance,  as  well  as  that  of  tiie  south  headland,  known  as 
Point  Hansen. 

Natural  objects  were  chosen  as  signals  and  others  erected  for  the  same  purpose, 
and  were  used  throughout  the  survey  for  the  location  of  the  position  of  the  Hurvey 
steamer.  These  signals  were  located  by  triangulation  from  the  extremities  of  a  base 
measured  in  an  east  and  west  direction  a  distance  of  5,500  feet  along  the  Point 
Hansen  peninsula.  The  latitude  and  departure  of  each  was  carefully  calculated  and 
their  position  platted  on  a  field  map.  This  map  was  placed  on  a  drawing  board 
made  secure  on  the  house  of  the  survey  steamer.  The  position  of  the  steamer  was 
located  every  two  or  three  minutes,  while  working,  by  position  angles,  simultaneously 
measured  by  two  sextants,  one  angle  to  the  right  and  the  other  to  the  left  of  a  chosen 
central  object  or  signal,  and  such  position  immediately  platted  on  the  field  map. 
About  1,500  locations  were  made  and  about  7,000  soundings  taken. 

Extent  of  survey. — The  soundings  were  made  over  an  area  extending  from  the 
receiving  wharf  of  the  jetty  out  over  the  bar  sufficiently  fax  to  develop  the  6-fathom 
carve.  Soundings  were  made  several  miles  north  and  south  of  a  line  due  west  from 
the  center  of  the  harbor  throat,  the  lines  running  from  deep  water  of  the  ocean 
toward  the  shore,  toward  the  spits,  or  in  over  the  bar,  and  return. 

The  har. — ^A  crescent-shaped  one  extends  from  the  west  end  of  the  south  spit 
toward  the  north,  where  it  j  oins  the  north  spit.    Between  its  J  unction  with  the  sonth 
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spit  mad  a  point  due  irest  from  the  harbor  throat  there  is  a  goyeming  depth  of  abont 
10  feet  at  mean  lower  low  water,  although  a  crooked  channel  ot  greater  depth  might 

be  traced. 

Toward  the  north  the  bar  and  north  spit  are  particularly  lumpy  and  <jaite  shoal 
in  spots,  the  6-foot  depth  heinjf  developed  in  several  places.  From  the  mdicationa 
of  tne  breakins  wave  I  am  inclined  to  think  that  shallower  depths  might  be  foond, 
bnt  which  during  the  progress  of  the  survey  it  was  quite  impracticable  to  devslop. 

I  was  unable  to  run  as  many  lines  of  soundings  out  to  the  north  to  more  careftilly 
dovelop  the  spit  on  account  of  the  draft  of  the  boat  and  continued  heavy  swell. 
The  boat  draws  9^  feet  of  water  and,  on  account  of  her  tonnage,  dips  hea^y  into 
the  swell,  requiring  about  14  feet  of  water  to  float  her  in  such  places  in  safety. 

No  soundings  were  carried  over  the  spits,  either  from  the  steamer  or  small  boats, 
on  account  of  the  breakers,  but  the  steamer  approached  them  from  the  outside  on 
days  when  it  was  most  favorable  and  as  closely  as  was  considered  safe. 

No  soundings  were  carried  inside  the  harbor  toward  Damons  Point,  as  the  channsl 
is  too  narrow  for  such  a  large  steamer  to  be  handled. 

Cano€  Channel, — ^At  its  inner  end  is  simply  a  bay  separated  from  its  outlet  by  a  bar 
or  ^oal,  over  which,  I  should  judge,  the  water  flowed  to  a  depth  of  about  4  feet 
Several  smi^  channels,  separated  by  low  islands  of  sand  bare  only  at  extreme  low 
water,  form  outlets  from  wnat  I  should  call  Canoe  Bay.  The  depth  of  water  in  these 
channels  is  less  than  in  Canoe  Channel. 

The  north  spit  at  extreme  low  water  is  made  up  of  three  main  sand  shoals,  which 
are  then  bare.  They  are  knife-shaped,  that  is,  on  their  inshore  side  thev  have  sa 
elevation  above  extreme  low  water  of  perhaps  a  foot  and  taper  gradually  to  the 
water  edge.  Their  shores  are  more  irregular  on  account  of  little  bays  and  whirlpool- 
like holes.  The  channels  are  all  shallow,  with  the  exception  of  the  one  which  runs 
near  the  shore  at  Damons  Point.  This  channel  is  probably  6  or  6  feet  deep  for  iti 
entire  length.  As  much  of  these  islands  as  could  lie  located  instrumentally  wsi 
done,  the  rest  being  drawn  in  from  sketches. 

Swash  Channel.— ^^cen^ies  the  position  where  the  main  ship  channel  was  during 
the  fall  of  1894.  The  sooth  spit,  to  all  appearances,  remains  practically  the  ssme^ 
with  the  exception  that  it  has  moved  westward  nearly  a  half  mile.  At  extreme  low 
tide  it  consists  of  a  triangular  island  with  its  apex  to  the  west.  It  is  highest  on 
the  channel  side  and  nearer  the  harbor  throat.  Like  the  bar  islands  on  the  nortb 
spit,  it  is  shaped  like  a  knife  blade,  its  thin  edge  being  toward  the  sea  and  its  high 
cage  having  an  elevation  of  about  1^  feet. 

During  the  time  of  the  survey  the  weather  was  not  propitious,  fog,  rain,  wind,  and 
heavy  swells  retarding  progress,  and  consequently  increasing  the  cost  of  the  field 
work. 

A  stronff  littoral  current  of  about  6  miles  per  hour  was  running  northward. 

A  bar  of  less  than  18  feet  was  developed  by  the  soundings  between  the  jetty  wharf 
and  the  harbor  throat. 

During  the  time  soundings  were  made  the  boat  waa  kept  at  a  uniform  rate  of  ahod 
8  miles  per  hour. 

I  respectfully  call  your  attention  to  a  fairly  good,  though  narrow  channel  fros 

No.  1  buov,  which  marks  the  north  spit  near  the  harbor  throat  a  little  north  of  d« 

west,  to  tge  sea.    This  channel  is  separated  from  the  main  harbor  entrance  bv  s  B0^ 

cession  of  lumps,  which  in  stormy  weather  cause  the  swells  to  break  inside  the  bst 

Very  respeotfhlly,  your  obedient  servant, 

J.  M.  Clapp, 

Capt.  Habrt  Taylor, 

Corp9  of  JSngineen. 


VV3. 


mPROVEMENT  OF  CHEHAUS  RIVER,  WASHXNOTOIT. 

(For  previous  history,  see  page  510,  Annual  Beport  of  the  Chief  d 
Engineers  for  1897.) 

Flan  of  improvement. — ^The  plan  of  improvement  oontemplatos  the 
removal  of  snags,  overhanging  trees,  jams,  drift  heaps,  shoals,  wi 
other  obstructions  to  navigation  which  may  from  time  to  time  aocomo* 
late  in  the  portion  of  the  river  regularly  used  by  boats. 

The  cost  of  the  work  is  indeflnite. 
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Results  obtained  during  fiscal  year  ending  June  30j  1898. — ^The  river 
was  cleared  of  most  of  the  obstractions  which  had  accumulated  duriug 
the  precediug  year,  during  which  time  no  work  had  been  done. 

Report  of  operations, — Snagging  operations  were  carried  on  on  the 
river  from  July  6  to  August  7, 1897,  with  an  ordinary  stern-wheel  boat 
fitted  up  with  a  derrick  and  hoisting  engine.  During  this  time  the 
river  was  cleared  of  all  the  most  dangerous  snags  below  a  point  about 
5  miles  above  Montesauo. 

Recommendations  and  remarks. — From  the  nature  of  the  country 
through  which  the  Chehalis  Eiver  runs  it  is  liable  to  be  blocked  with 
snags  after  every  freshet.  To  keep  it  open  and  tolerably  free  from 
obstructions  to  navigation  it  is  necessary  to  go  over  it  at  least  once  a 
year.  Heretofore  the  work  has  been  almost  entirely  confined  to  the 
portion  of  the  river  below  Montesano,  and  for  the  next  4  or  5  miles 
above,  as  this  i>ortion  of  the  river  is  that  principally  navigated.  A 
branch  of  the  Northern  Pacific  Eailroad  parallels  the  river,  and  there 
is  but  little  demand  for  any  navigation  farther  up  the  river  than  where 
the  work  has  been  done.  Even  were  the  river  entirely  clear  of  snags 
above  that  point,  its  navigation  would  be  difiiicult  and  dangerous  on 
account  of  the  swift  current  and  shallow  water.  Future  work  will 
therefore  be  confined  as  heretofore  to  the  lower  part  of  the  river.  An 
appropriation  of  $3,000  is  recommended  as  the  amount  which  can  be 
profitably  expended  on  this  improvement  during  the  fiscal  year  ending 
June  30, 1899. 

Future  operations. — The  river  will  be  gone  over  and  the  dangerous 
snags  removed  as  often  as  the  necessity  demands  and  funds  i>ermit. 

Money  statement 

July  1, 1897,  balance  unexpended $1,518.01 

Jane  30,  1898,  amount  expended  during  fiscal  year 1,070.42 

July  1,  1898,  balance  unexpended 447.59 

July  1,  1^8,  outstanding  liabilities 1.00 

July  1, 1898,  balance  available 446.59 


< 


'Amount  (estimated)  required  for  completion  of  existing  project Indefinite. 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1900      3, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4, 1897. 


Appropriationa, 


Act  of— 

August  2, 1882 $3,000 

July5,1884 2,500 

Augusts,  1886 2,500 

August  11,  1888 2,000 


Act  of— 

September  19, 1890 $3,000 

June3,  1896 3,000 

Total 16,000 


COMMERCIAL  STATISTICS. 

The  commercial  statistics  for  the  ChehaliB  River  were  furnished  by  Bfr.  A.  P.  Stock- 
well,  Aberdeen,  Wash.,  and  are  for  the  calendar  year  1897. 

The  export  and  import  traffic  was  not  given  separately.  It  consisted  principally 
of  general  merchandise  and  farm  prodace. 

(ive  steamers  were  engaged  in  traffic  whose  aggregate  tonnage  was  669  tona  and 
whose  maximum  draft  was  3^  feet. 

The  number  of  pasaengers  carried  was  51,424« 
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Witb  ttie  tanas  mat  nave  oeen  appropnaiea  i;dis  snag  ooai  an< 
fit  have  been  provided,  and  a  large  number  of  snags,  jams,  overha 
trees,  and  other  obstructions  to  navigation  removed.  The  obstrut 
now  in  the  rivers,  with  those  that  come  in  witb  every  freshet,  wfl 
nish  constant  employment  for  the  snag  boat  for  au  indefinite  tim< 

Results  obtained  during  the  fiscal  year  ending  June  30, 1898. — The 
boat  was  kept  continuously  at  work,  and  daring  the  year  removed 
the  channels  of  the  various  rivers  on  which  she  worked  8,445  s 
ranging  in  diameter  from  8  inches  to  15  feet,  and  having  an  aggr 
length  of  218,GG5  feet;  and  cut  from  the  banks  where  they  are  lis! 
fall  into  the  streams  and  become  obstructions  to  navigation  1,480 
with  trunks  ranging  in  diameter  from  6  inches  to  8  feet,  and  havL 
aggregate  length  of  128,496  feet.  As  a  result  of  the  snagging  c 
tions  during  the  year  the  Skagit  River  was  kept  open  for  navig 
throughout  the  year  and  its  navigation  at  all  seasons  greatly  impr 
and  the  navigation  of  the  other  streams,  when  work  was  done,  impr 
Surveys  of  the  Skagit,  Duwamish,  and  Pu^^allup  rivers  were  made 
a  view  to  deternnniug  what  work,  other  than  snagging,  coald  m 
tageously  be  done. 

Report  of  operations. — The  work  of  the  snag  boat  was  confined  cl 
to  the  Skagit  Eiver,  the  largest  and  most  important  river  flowing 
Puget  Sound.  During  the  greater  part  of  the  year  her  work  wai 
ordinary  routine  kind,  clearing  out  the  old  snags  wliich  had  ace 
lated  in  previous  years,  when  the  stage  of  the  river  was  favorabl 
such  work,  taking  out  an  occasional  new  snag  wherever  one  was  f 
and  trimming  the  banks  of  trees  which  were  in  danger  of  falling  ii 
becoming  obstructions.  In  the  middle  of  November  there  occuire 
highest  water  known  in  the  Skagit  River  for  many  years.  This  in 
caused  several  very  bad  jams,  which  practically  closed  the  rivi 
navigation.  The  sna^  boat  immediately  went  to  work  on  these  j 
and  in  a  few  days  had  openings  through  them  sufficient  for  the  pas 
of  boats,  but  it  required  constant  work  for  over  two  months  to  < 
pletely  clear  them  away,  and  it  has  been  necessary  to  give  more  or 
attention  to  the  localities  where  the  jams  formed  ever  since  on  accc 
of  the  shoaling  which  occurred  during  the  time  the  jams  remained 
the  consequent  tendency  to  catch  more  snags. 

The  folio  win  fir  is  a  summarv  of  the  onerations  of  the  sna£r  boat  dad 
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LarfieBt  diameter feet..  15 

Smallest  diameter inches..  8 

Total  length feet..  218,665 

Trees  chopped: 

Skaffit  River 1,209 

North  Fork 13 

Snohomish  River 258 

Total 1,480 

Largest  diameter feet..  8 

Smallest  diameter inches..  6 

Totallength feet..  128,496 

Recommendatumts  and  remarks. — The  work  which  has  beeu  done  on 
the  rivers  flowing  into  Puget  Sound  has  been  confined  to  those  which 
How  into  it  from  the  east.  These  streams  all  have  their  sources  in  the 
mountains,  which  are  covered  with  a  heavy  snowfall  in  the  winter. 
The  upper  parts  of  the  streams  are  in  the  nature  of  mountain  torrents, 
subject  to  rapid  iiuctuations.  The  lower  parts  of  the  rivers  have  a  flat 
slope,  run  through  a  country  which  was  formerly  completely,  and  is 
still  partially,  covered  with  heavy  forests,  and  they  generally  empty 
into  Puget  Sound  through  a  number  of  mouths,  forming  wide  deltas. 
These  conditions  favor  the  rapid  accumulation  of  snags  and  drift  in  the 
lower  parts  of  the  rivers.  It  is  of  great  importance  to  keep  these  snags 
out  for  the  safety  of  navigation  and  to  prevent  the  outlets  becoming 
completely  blocked  and  causing  disastrous  overflows.  To  do  this,  it  is 
necessary  that  the  snag  boat  should  be  kept  steadily  at  work. 

Previous  to  last  year  there  had  never  been  sufficient  money  to  permit 
of  this  being  done,  and  the  work  accomplished  had  simply  been  to 
remove  those  snags  which  most  interfered  with  navigation.  During 
the  past  two  years,  the  available  funds  having  been  sufficient  to  permit 
it,  the  snag  boat  has  been  kept  continuously  at  work,  with  the  result 
that  the  rivers  worked  on  are  now  in  better  condition  than  they  have 
been  for  many  years.  There  is  still  work  enough  in  sight  to  keep  the 
snag  boat  busy  for  a  couple  of  years,  and  with  what  new  snags  come  in 
it  will  be  an  indefinite  time  before  the  rivers  will  be  entirely  clear. 
Had  it  not  been  for  the  snag  boat's  work  during  the  past  year,  naviga- 
tion on  the  Skagit  Eiver,  at  least,  which  is  the  most  important  river 
flowing  into  Puget  Sound,  would  have  been  entirely  suspended  part  of 
the  year  and  carried  on  at  great  risk  the  remainder.  This  would  have 
had  an  important  effect  on  the  freight  rates  and  so  on  the  prosperity  of 
the  country  surrounding  it. 

The  popular  idea  in  regard  to  the  improvement  of  these  rivers  has 
been  that  if  they  could  be  opened  up  so  as  to  permit  the  water  to  flow 
freely  through  all  the  various  channels  at  their  mouths  the  floods  in  the 
valleys  could  be  avoided.  1  have  always  doubted  the  correctness  of 
this  view,  and  as  a  result  of  a  careful  study  of  the  problem  duiing  the 
past  year,  I  am  now  thoroughly  convinced  that  the  best  thing  that  could 
be  done  would  be  to  close  all  the  mouths  of  each  river  except  one.  The 
rivers  carry  water  enough  to  keep  one  good  channel  open,  but  when 
the  river  spreads  out  in  several  channels  no  one  keeps  open,  but  all  shoal 
BO  that  they  are  poor  channels  for  navigation  and  readily  become  clogged 
with  snags.  The  continued  snagging  operations  are  absolutely  neces- 
sary for  the  protection  of  the  navigation  of  the  rivers  and  the  country 
adjacent,  and  for  these  operations  alone  an  appropriation  of  $25,000  is 
necessary,  and  this  amount  is  recommended. 

Future  operations. — Snagging  operations  will  be  continued  and  such 
other  work  done  as  appears  advantageous  and  the  fonda  ^^Etoi^ 
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Money  statement, 

Jnly  1, 18d7,  balance  unexpended $60,02(113 

June  30, 1898,  amount  expended  during  fiscal  year 16,182.S1 


July  1, 1898,  balance  unexpended. .. 
July  1, 1898,  outstanding  babilities. 


43,8a  82 

39a  00 


July  1, 1898,  balance  available 43,513.e 

'Amount  (estimated)  required  for  completion  of  existing  project. ......  IndefiDite. 

Amoum  thatcan  be  profitably  expended  in  fiscal  vear  ending  June  30, 1900  $25^  f^^  ^ 
^  Submitted  in  compliance  witb  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  June  4,  ISBlm 


Appropriatian$. 


Aet  of— 

June  14, 1880 $2,500 

August  2,  1882 20,000 

July5,1884 10,000 

August5, 1886 10,000 

August  11, 1888 15,000 

September  19, 1890 12,000 


Act  of— 

July  13, 1892 $15,0i8 

August  18,  1894 14,000 

June  3, 1896 75,O0D 

Total 173;W 


COMMVRCIAL  STATISTICS, 


The  following  oommeroial  statistics  for  the  calendar  year  1897  were  fhrniM 
by  Lilly,  Boganlus  &  Co.,  the  La  Conner  Trading  and  Transportation  Cooopanf  ^ 
Seattle,  Wash.,  and  Mr.  F.  U.  Brownell,  manager,  Everett  Land  Company,  of  Evenft 
Wash.: 

ExporU  and  importe  {Skoffii  Biver), 


Class  of  goods. 

Kzports. 

Imports 

Qnaatlty. 

Value. 

Quantity. 

YalK 

Grain 

Tms. 
8,615 
4,200 
987 

172,800 
88,800 
<8,180 

Tont, 

Hay 

IffArahAiidiiiA -•- 

S.120 

8151^9 

Total 

8,802 

180,060 

S.120 

IK* 

Three  steamboats  plied  most  of  the  year  on  the  Skagit  River;  averagD  tonnagib 
198  tons;  average  draft,  5  feet;  maximum  draft,  7  feet. 

Passengers  carried,  4,926. 

On  the  Snohomish  River,  five  steamboats  were  engaged  in  passenger  and  fttofji^ 
traffic,  and  in  towing. 

Twenty-four  thousand  eight  hundred  '^nd  three  passengers  were  carried  betire* 
Everett  and  Snohomish. 

Fifteen  million  feet  of  logs  were  floated  down  the  Snohomish 


■/ 


BXPOBT  OF  MB.  X.  H.  JXFFXR80K,  MASTBB  OF  SNAO  BOAT. 

n.  S.  Skag  Boat  Skagit, 

'    Mount  Vernon,  WaeK,  Jnly  16,  JSS8. 

Captain:  I  have  the  honor  to  submit  the  following  report  of  operations  of  tb» 
snag  boat  at  "  Improving  Puget  Sound  and  tributary  waters,  Wasnington,  for  th« 
fiscal  year  ending  June  30,  1898.'' 

At  the  commencement  of  the  vear  the  snag  boat  was  operated  on  the  Snohomiik 
River,  where  she  continued  working  till  August  16,  on  which  date  she  left  for  tbe 
Skagit  River,  stooping  at  the  mouth  of  the  Stillaguamish  on  the  way,  where  t«« 
days  were  devoted  to  clearing  the  channel  of  snag  obstructions.  Angnst  19  optf*' 
tions  were  oommanAo^  qbl  ^SbA  ^kaii^  ^vy«c  and  prosaonted  till  Ootober  25|  doriil 
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which  time  the  snaff  boat  was  nsed  by  AjBsistant  Engineer  Clapp,  to  make  the  neces- 
sary soandings  on  tne  Skagit  tide  flats,  to  complete  his  sarvey  of  the  river. 

On  the  25th  October  atrip  was  made  to  Sollivan  Slough  and  the  Nurth  Fork  of  the 
Skagit,  where  certain  obstructions  were  removed.  Return  was  made  to  the  Skagit 
on  the  27th,  and  work  prosecated  there  till  December  22,  when  another  trip  was  made 
to  the  Stlllagaamish  for  the  purpose  of  removing  obstructions  from  the  channel  in 
the  vicinity  of  Stanwood  deposited  by  recent  freshet.  The  boat  returned  to  the 
Skagit  again  the  next  day,  and  operations  continued  there  till  March  1,  1898,  on 
which  date  a  trip  was  made  to  Hat  Slough  and  the  mouth  of  the  Stillaguamish ;  the 
entrance  to  these  two  streams  were  cleared  of  obstructions,  and  on  the  4th  of  same 
month  the  sna^  boat  again  returned  to  the  Skagit,  where  work  was  resumed  and 
continued  till  the  31st  same  month,  when  another  trip  was  made  to  the  Stillaguamish, 
and  the  north  and  south  forks  of  that  river  again  sleared  of  obstructions ;  returning 
to  the  Skagit  River  on  April  1,  operations  there  were  continued  till  June  16,  when 
another  trip  to  the  Stillaguamish  occurred.  After  clearing  the  channel  at  the  mouth 
of  this  stream  aflrain  the  snag  boat  returned  to  the  Skagit,  where  work  was  prose- 
cuted till  the  end  of  the  fiscal  year. 

During  this  period  a  great  deal  of  important  work  has  been  done  and  some  of  the 
heaviest  work  the  snag  ooat  has  ever  done.  The  different  rivers  and  sloughs  of  the 
district  haye  been  kept  clear  of  accumulating  obstructions  and  navigation  made 
safer  and  easier. 

During  the  month  of  November,  1897,  the  greatest  freshet  the  Skagit  River  ever 
experienced  occurred,  which  in  addition  to  doing  great  damage  to  settlers  along  the 
river  caused  two  formidable  Jams  of  drift  to  form  in  the  river,  completely  blocking 
navigation— one  at  the  Great  Northern  Railway  crossing  and  the  other  down  near 
the  river's  mouth,  at  tide  water,  the  latter  being  the  largest,  tilling  the  stream  from 
bank  to  bank  for  a  distance  of  about  800  yards. 

In  some  places  it  was  packed  clear  to  the  bottom  of  the  channel  with  d<^bris  of 
every  description,  consisting  principally  of  immense  stumps,  some  of  which  would 
average  16  feet  in  diameter,  and  giant  spruce  trees  200  feet  and .  more  long,  with 
innumerable  limbs  and  branches,  some  of  which  were  as  lar^re  as  ordinary  trees. 
Pile  dolphins,  bridge  piers,  sections  of  houses  and  barns,  barbed-wire  fences,  and 
booms  of  saw  logs  were  component  parts  of  this  jam.  It  took  a  month  or  more 
to  completely  break  up  this  jam,  during  which  time  a  side  channel  or  slough  was 
improved  so  as  to  serve  the  purposes  of  navigation  temporarily. 

The  jam  at  the  Great  Northern  Railway  crossing  was  broken  in  about  a  week's 
time.  If  it  had  not  been  for  the  snag  boat,  navigation  in  the  Skagit  River  would 
be  closed  yet  and  thousands  of  acres  of  tillable  farm  lands  overflowed  and  ruined. 

During  the  seasons  of  low  water  the  channels  of  the  8kagit  and  other  rivers  have 
been  pretty  thoronghlv  cleared  of  snags  as  far  as  steamboats  generall}*  go,  and  dur- 
ing this  summer's  high  water  the  overhanging  trees  in  the  bends  that  are  continu- 
ally eroding  have  been  chopped  down,  trimmed,  and  sectioned  as  far  upstream  in 
the  Skagit  as  practicable,  and  many  side  jams  of  drift  have  been  broken  up  also. 

I  consider  that  the  work  of  the  snag  boat  has  been  very  beneficial  this  year;  in 
fact  I  do  not  see  how  her  services  could  have  been  dispensed  with.  River  men  in 
general  speak  in  complimentary  terms  of  the  good  work  she  performed  last  winter 
after  the  flood. 

The  towing  of  logs  from  upriTcr  points  has  never  been  so  easy  and  safe  as  at 
present.  It  is  now  done  by  boats  of  light  power  that  would  not  attempt  it  a  few 
years  ago. 

The  regular  steamer  from  Seattle  has  recently  been  making  or  extending  her  trips 
to  Sedro  for  the  first  time  in  years,  and  I  understand  has  brongtit  the  railroad  rates 
to  that  point  down  a  few  pe^s,  all  of  which  is  an  indication  of  a  better  and  easier 
river  to  navigate ;  but  it  reiiuires  the  constant  attention  of  the  snag  boat  to  maintain 
these  conditions. 

It  will  be  noticed  by  the  foregoing  record  that  the  greater  part  of  the  boat's  time 
is  spent  on  the  Skagit  River;  this  is  because  the  Ska^iit  is  the  largest  and  most 
important  of  all  the  rivers  of  this  district.  More  drift  and  obstructions  are  brought 
down  by  the  i>eriodical  freshets  of  this  river  than  that  of  all  the  other  streams  com- 
bined, and  consequently  more  work  is  required  to  keep  it  sale  for  navigation. 

Following  is  a  summary  of  the  work  between  the  dates  of  June  30, 1897,  and  June 
30,1898: 

Number  of  snags  and  drift  disposed  of: 

Skagit  River 7,828 

Snohomish  River  .: 453 

Stillaguamish  River 125 

HatSlongh 23 

Sullivan  Slough 5 

North  Fork,  Skagit 11 

Total 8^445 
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Total  length'. feet..  21S,66 

Lareest  diameter do...  IS 

Smwest  diameter inches..  8 

Namber  of  trees  chopped  froiii  the  banks: 

Skaflrit  River l,2ffl 

Snohomish  River 258 

North  Fork,  Skagit 13 

Total 1.4>« 

Total  length feet..  128, 4D6 

Largest  diameter do...  8 

Smallest  diameter inches..  6 

III  addition  to  the  regular  Bnaggin<7  operations  the  boat  has  been  kept  cleaned 
an<l  repaired,  and  the  tools  and  gear  kept  in  working  order. 

On  toe  Skagit  River  at  prenent  two  Bteamers  are  regularly  employed,  one  of  then 
making  three  trips  per  week  from  Seattle  via  Stillagnamish  River  points.  This  boat 
goes  as  far  as  Sedro,  25  miles  from  the  mouth  of  rivor,  and  occasionally  farther.  Th« 
other  one  is  engaged  in  log  towing  almost  exclusively,  from  points  as  far  up  u 
Lyman,  36  miles. 

The  Snohomish  River  has  three  steamers  employed  regularly — one  from  Sesttk 
twice  per  week:  one  between  the  cities  of  Everett  and  Snohomish,  three  trips  per 
daiy,  and  the  otner  from  Snohomish  to  upriver  points  on  the  Snohomish  and  Sdo- 
quiilmie  rivers,  when  business  and  the  stage  of  wat-er  serve. 

The  Nooksack  River  is  still  bfooked  by  Jam  at  its  mouth  and  no  boats  find  busiuw 
there. 

The  Skagit  River  boat  generally  does  the  business  for  the  Stillagnamish  River, 
though  there  is  a  towing  boat  that  makes  its  headquarters  at  Stan  wood. 

The  Duwamish  River  has  no  regular  steamboat;  jobbing  boats  occasionally  go  op 
as  far  as  the  head  of  tido  water  after  hay  and  other  produce. 

The  character  of  the  fn^ght  carried  by  all  of  these  boats  is  principally  farm  prod- 
uce and  general  merchandise.  A  great  many  passengers  are  transported  by  8o» 
of  them. 

During  the  season  when  the  crops  of  oats  and  hay  are  transported  to  market 
several  irregular  or  jobbing  boats  tind  jprofitable  emplovment  from  the  many  ti<Ui 
Hlonghs  composing  the  delta  of  the  Skagit  and  Snohomish  rivers,  and  irom  the  mm 
rivers,  too. 

Very  respectfully,  your  obedient  servant, 

£.  H.  Jkffrrson, 
Master  of  Snag  BoaL 

Capt.  Harky  Taylor, 

CorpB  of  Engineers,  U.  8.  A, 


VV  5, 


IMPROVEMENT  OF  HARBOR  AT  OLYMFIA,  WASHINGTON. 

(For  previous  history,  see  page  512,  Annaal  Bejiort  of  the  Chief  of 
Engineers  for  1897.) 

IHan  of  improvemenU, — It  is  proposed  by  the  plan  of  improvemeot 
adopted  to  dredge  a  channel  250  feet  wide  and  12  feet  deep  at  the  mean 
ot  the  lower  low  waters  from  the  vicinity  of  the  Fourth  Street  Bridge 
to  deep  water  in  Budd  Inlet.  Near  its  inner  end  the  channel  is  to  be 
widened  out  to  500  feet,  so  as  to  provide  a  turning  basin  for  boats 
using  it. 

The  estimated  cost  of  the  work  was  $275,000. 

Report  of  operations.—There  were  no  operations  and  no  results 
obtained  during  the  fiscal  year  ending  June  30, 1898. 

A  report  on  a  survey  of  the  Deschutes  Biver  at  its  entrance  in  Olympic 
Harbor  was  submitted. 

Recommendations  and  remarks, — The  importance  of  Olympia  lies  in 
the  fact  that  it  is  the  capital  of  the  State.  The  only  commerce  carried 
on  by  water  is  the  local  commerce  between  Olympia  and  other  cities  oa 
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Paget  Sound.  This  local  traffic  is  carried  by  the  ordinary  light-draft 
stern-Trheel  boats,  and  as  the  depth  and  width  of  channel  and  basin 
already  secured  are  ample  for  the  accommodation  of  this  class  of  boats, 
the  project  is  completed,  as  far  as  the  main  and  immediate  benefit  to  the 
city  is  concerned.  The  projected  depth  is  12  feet  at  '*mean  lower  low 
water."  The  datum  used  in  the  determination  of  the  depths  obtained 
by  dredging  is  "extreme  low  water."  The  relation  between  these  two 
planes  does  not  seem  to  have  been  established  at  the  time  the  project 
was  made,  but  recent  observations  indicate  that  "extreme  low  water" 
is  about  2  feet  below  "mean  lower  low  water."  Such  being  the  case 
the  project  is  completed,  so  far  as  the  basin  is  concerned.  There  are 
l)ractically  no  boats  plying  in  these  waters,  except  possibly  towboats, 
with  a  draft  between  that  of  the  boats  now  running  to  Olympia  and 
that  of  the  deep-draft  coasting  vessels,  20  feet  or  more.  If  the  latter 
class  of  vessels  is  to  be  accommodated,  for  which  there  appears  to  be 
no  reason  at  present,  the  projected  depth  should  be  increased.  If  not, 
the  depths  already  obtained  in  the  basin  and  in  the  outer  end  of  the 
channel  will  serve  practically  every  purpose  which  depths  2  feet  greater 
will.  It  might,  however,  be  of  some  slight  advantage  to  increase  the 
depth  throughout  the  part  of  the  channel  now  6  feet  deep  to  8  feet,  so 
as  to  have  all  parts  of  the  channel  of  a  uniform  depth.  It  is  also  prob- 
able that  there  will  be  some  shoaling  of  the  depths  already  obtained, 
and  as  it  is  important  to  maintain  these  depths,  an  appropriation  of 
$20,000  is  recommended  as  the  amount  that  can  be  profitably  expended 
during  the  fiscal  year  ending  June  30, 1899. 

Future  operations, — Future  work  will  depend  upon  the  funds  appro- 
priated. 

Money  statement 

July  1, 1897,  balance  nnexpended $3, 074. 12 

Juue  30y  1898,  amount  expended  during  fiscal  year 842. 57 

July  1, 1898,  balance  unexpended 2, 231. 55 

July  1, 1898,  outstanding  liabilitiee 4.47 

July  1,  1898,  balance  available 2,227.08 

[  Amount  (estimated)  required  for  completion  of  existing  project. ..' 168, 000. 00 

!  Amonntthat  can  be  profitably  expendedin  fiHcalyear  ending  J  line  30, 1900    20, 000. 00 
]  Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
t     harbor  acts  of  1866  and  1867  and  of  sundry  civU  act  of  June  4,  1897. 


AppropriatiotiB, 
Act  of— 

July  13,  1892 $35,000 

August  18,  1894 40,000 

June  3, 1896 32,000 

Total 107,000 


COMMERCIAL  STATISTICS. 

Olympia  Harbor  is  in  the  collection  district  of  Puget  Sound. 

The  returns  were  furnished  by  the  Olympia  Chamber  of  Commerce,  Charles  D. 
King,  secretary. 

There  are  three  steamboats  engaged  in  traffic  on  the  Olympia  Harbor,  with  an 
aggregate  tonnage  of  601  tons. 

The  maximum  draft  of  the  vessels  is  4  feet. 
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ExporlM  and  importt. 


Clftu  of  goods. 


B«er 

Grain 

H*y 

Hops 

Live  stock 

Lumber  and  products 

Koat».  drf fised 

Merchsudise,  general 
SheUflsh 

Total 


Qaantity. 


Value. 


Tons. 
720 


50 

100 

140 

22,400 

125 

1,615 

1,200 


$57,800 

1,200 

400 

16.000 

7,000 

66,000 

17,500 

106,700 

40,000 


Quantity, 


TlUM. 


Tall 


tn 


26,400 


812,400 


900 


2,500 


S,400 


m 


m 


V  V  6. 

IMPROVEMENT  OF  WATERWAY  CONNECTING    PUGET   SOUND  WITi 

LAKES  UNION  AND  WASHINGTON. 

(For  previous  history,  see  page  513,  Annual  Beport  of  the  Chief 
Engineers  for  1897.) 

The  river  and  harbor  bill  of  September  19,  1890,  contained  an  it< 
directing  the  appointment  of  a  board  of  three  oflBcers  of  the  Corps 
Engineers  upon  whom  should  devolve  the  duty  of  selecting  and  si 
veyiug  the  most  feasible  location  and  of  estimating  the  expense 
constructing  a  ship  canal  to  connect  the  waters  of  Lakes  Union,  Was 
ington,  and  Sammamish  with  Puget  Sound,  and  appropriating  $10,01 
for  the  necessary  expenses. 

Flan  of  improvenienU — ^The  plan  outlined  in  the  report  of  the  bo« 
consisted  in  dredging  a  channel  through  the  flat«  of  Shilshole  Bay  fin 
deep  water  in  Puget  Sound  to  the  mouth  of  Salmon  Bay,  and  th6 
building  a  lock  to  overcome  the  differences  of  elevation  between  ti 
Sound  and  Lake  Union. 

The  lock  with  a  dam  would  bring  the  waters  of  Salmon  Bay  to  d 
elevation  of  Lake  Union. 

The  plan  further  provided  for  dredging  in  Salmon  Bay  to  gixt  t^ 
requisite  depth  for  a  deep-sea  harbor,  and  for  the  dredging  of  a  caei 
to  connect  Salmon  Bay  with  Lake  Union,  and  the  necessary  dredgii<( 
in  Lake  Union  to  reach  the  head  of  the  lake.  Communication  betvefl 
Lakes  Union  and  W^ashington  was  provided  for  by  a  canal  with  a  W 
to  overcome  the  difference  of  elevation  between  the  lakes,  and  ^ 
dredging  through  the  shallows  of  Lake  Washington  to  deep  water. 

A  variation  of  the  plan  was  to  throw  a  dam  across  the  outlet  of  Ss^ 
nion  Bay  and  dig  a  canal  from  Salmon  Bay  to  Smiths  Cove,  and  tbeff 
dredge  a  channel  to  deep  water  in  Elliott  Bay,  building  a  lock  to  om- 
come  the  difference  of  level  between  the  waters  of  Elliott  Bay  and  Lai* 
Union. 

The  total  length  of  the  waterway  from  the  inner  end  of  the  lock  nearei^ 
Lake  W  ashington  to  the  outer  end  of  the  lock  nearest  Paget  Sound  viQ 
be  about  6.2  miles  by  the  Shilshole  Bay  route  and  somewhat  less  hj^ 
Smiths  Cove  route. 

The  estimated  cost  of  a  double-track  canal,  with  masonry  locks,  as^ 
including  the  necessary  right  of  way,  was  $2,900,000  by  the  Shilsbefe 
Bay  route,  or  $3,500,000  by  the  Smiths  Cove  route;  and  of  asingi^ 
track  canal,  with  composite  locks,  and  exclusive  of  any  right  of  v^Tj^ 
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was  $1,781,167  by  the  Shilshole  Bay  roate,  or  $2,316,167  by  the  Smiths 
Cove  route. 

Since  the  original  estimates  of  the  cost  of  this  improvement  were 
made  several  changes  in  the  plan  have  been  adopted,  all  of  which  mate- 
rially afiect  the  cost,  and  the  original  estimates  can  no  longer  safely 
be  considered  even  approximate.  It  is  probable,  however,  that  an 
estimate  at  the  present  time  wonld  be  less  than  the  original  maximum 
estimate. 

No  funds  have  been  available  for  the  preparation  of  plans  or  for  car- 
rying on  the  work  required  before  an  estimate  can  be  properly  made, 
and  so  no  estimate  is  attempted. 

Report  of  operations. — Under  the  date  of  March  1, 1898,  a  board  of 
officers,  consisting  of  Gapt.  W.  L.  Fisk,  Gapt.  Harry  Taylor,  and  Lieut. 
Ghas.  L.  Potter,  all  of  the  Gorps  of  Engineers,  was  appointed  by  the 
authority  of  the  Secretary  of  War  to  consider  and  report  upon  the  most 
feasible  route  for  this  waterway,  with  special  reference  to  the  terminal 
I>oint  at  the  Sound  end. 

Under  date  of  March  23, 1898,  the  above  Board  submitted  a  report 
recommending  that  the  waterway  enter  Pnget  Sound  through  Shilshole 
Bay,  and  that  the  outer  lock  be  drawn  back  about  2,000  feet  from  the 
location  given  by  the  former  Board.  These  recommendations  were 
approved  and  what  is  known  as  the  Shilshole  Bay  route  adopted  by  the 
Secretcury  of  War  under  date  of  April  14, 1898. 

During  the  year  the  county  commissioners  of  King  Gounty  have  been 
acquiring  the  title  to  the  land  needed  for  the  right  of  way  and  obtain- 
ing releases  from  damages  from  the  lands  which  will  be  affected  by  the 
construction  of  the  waterway,  for  the  purpose  of  transferring  them  to 
the  United  States  free  of  cost,  as  required  by  the  act  of  August  17, 
1894,  making  the  first  appropriation  for  this  work,  which  contained  the 
following  clause: 

No  part  of  said  amount  shall  be  expended  on  tbe  improvement  of  the  waterway 
connecting  the  waters  of  Paget  Soand  with  Lakes  Union  and  Washington  until  the 
entire  right  of  way  and  release  from  all  liabilitv  to  adjacent  property  owners  have 
been  secured  to  the  United  States  free  of  cost  ana  to  the  satisfaction  of  the  Secretary 
of  War. 

These  proceedings  have  now  advanced  so  that  the  county  prosecuting 
attorney  states  that  be  expects  to  have  the  title  to  all  the  right  of  way 
and  all  the  releases  from  damages  ready  to  transfer  to  the  United  States 
about  August  1, 1898. 

Recommendations  and  remarks. — As  no  money  has  been  available  for 
work  on  detailed  plans,  no  consideration  has  been  given  them.  It  is 
probable  that  the  title  to  the  right  of  way  and  the  required  releases 
from  damages  will  be  transferred  to  the  United  States  within  a  short 
time,  and  actual  construction  can  be  commenced  as  soon  as  proper 
detailed  plans  are  prepared.  The  selection  of  the  Shilshole  Bay  route 
and  the  change  in  the  location  of  the  lock  materially  reduce  the  uncer- 
tainties connected  with  the  plans  and  put  the  general  project  in  such  a 
shape  that  some  work  can  safely  be  commenced  soon  after  the  title  to 
the  right  of  way  is  transferred  to  the  United  States.  But  before  any- 
thing except  a  little  excavating  can  safely  be  undertaken  full  plans 
must  be  prepared.  This  will  be  an  undertaking  of  some  magnitude, 
and  if  any  construction  work  is  commenced  in  advance  of  the  comple- 
tion of  such  plans  there  is  a  possibility  of  changes  being  required, 
making  unnecessary  expense  and  eventually  delaying  the  completion 
of  the  work. 
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Future  (^^atians. — ^As  soon  as  the  money  becomes  available  detailed 
plans  will  be  prepared.  The  amoant  of  money  that  can  prbfltably  be 
spent  upon  this  improvement  during  the  next  fiscal  year  depends  upoa 
the  time  actual  construction  can  be  commenced.  If  it  is  commenced 
early  in  the  year,  $200,000  can  be  profitably  expended  in  addition  to  tbe 
amount  on  hand« 

Money  statement. 

Jaly  1, 1897,  balance  unexpended $170,COQlOO 

July  1,  ISdS,  balance  anezpended ITQ^OOaiX) 

f  Amoant  ^eetimated)  reqaixed  for  oompletion  of  existing  piojeot UncerUn. 
Amount  uiat  can  be  nrontabl^  expended  in  fiscal  year  endins  Jane  30, 1900  200, 000. 00 
Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  civil  act  of  Jane  4^  1897. 


Appropriatums, 

Act  of— 

August  18, 1894 $35^006 

Junes,  1896 150,0011 


Total 175,000 


COMMERCIAL  8TATISTIC8. 


The  following  commercial  statistics  for  the  calendar  year  1897,  pertaining  \o^ 
commeroe  of  Seattle  and  Ballard,  Wash.,  were  compiled  from  information  fumlM 
by  The  Trade  Register  of  Seattle. 

BSATTLB  8HIPPINO. 

Fort v-seven  vessels  are  engaged  in  the  regular  traffic  of  this  port,  consisting  of  13 
steamships,  31  steamers,  2  barks,  and  1  ship.    The  gross  tonnage  is  37,248  tons. 

The  statistics  show  but  little  of  the  local  commerce  carried  on  by  the  abo^e  Ytmtk 
as  no  record  of  their  cargoes  has  been  kept. 

The  arrivals  of  steam  vessels  were  302,  and  of  sail  vessels  102.  The  departsni 
wore  the  same.    The  registered  net  tonnage  was  441,980. 

Twenty  steam  and  17  sail  vessels  were  constructed  during  the  year,  with  an  aggn- 
gate  gross  tonnage  of  2,481  tons. 

Exparti  and  imporU  (water  $hipmenU). 


Claas  of  goods.  . 


Cotton 

Coal 

Fish 

Flour 

Wheat 

Lumber  and  ahinglea 

Tea 

MiacellaneooB 


Total 


Bxports. 


Quantity. 


Tont. 

4,616 
287,883 


11,530 
40,133 
66,515 


78,80d 


488,885 


Valoe. 


1728.186 
863,649 


374,637 

1.037,358 

876,578 


Imports. 


Quantity. 


TonM. 

"sjiio 


7.880,900 


11, 261, 808 


2,684 

67,643 


75,516 


Yt3» 


PU,9» 


7»,«S 
6,T6iW 


7,  BE,* 


*i 


rU 


APPENDIX  V  V — REPORT  OP  CAPTAIN  TAYLOR.     3075 

V  V  7. 

n  IMPROVEMENT  OF  EVERETT  HARBOR,  WASHINGTON. 
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(For  previous  history,  see  page  515,  Annual  Beport  of  the  Ohief  of 
Engineers  for  1897.) 

Plan  of  improvement — ^The  plan  of  improvement  adopted  for  this 
work  may  be  generally  described  as  follows: 
_        First,  to  excavate  a  harbor  basin  in  the  shallows  and  tide  lands 
^    adjoining  deep  water  near  the  river's  mouth ;  second,  to  dredge  a  chan- 
nel from  this  through  the  tide  flats  and  the  Old  Eiver  mouth  to  deep 
s     fresh  water  in  Snohomish  Biver,  this  channel  being  designed  to  bring 
fresh  water  to  the  harbor  basin  and  to  afford  facilities  for  navigation 
about  the  peninsula  and  iuto  the  deep  water  bounding  the  peninsula  on 
the  east;  and,  third,  to  protect  and  maintain  this  harbor  and  channel 
across  the  tide  flats  by  a  bulkhead  interposed  between  them  and  the 
open  waters  of  the  sound,  the  bulkhead  to  act  as  a  retaining  wall  for 
the  materiid  dredged  from  the  harbor. 

The  proper  conduct  of  the  work  required  that  the  bulkhead  for  retain- 
ing the  dredged  material  should  be  built  previous  to  doing  any  dredg- 
ing. A  map  of  Everett  Harbor,  showing  the  plan  of  improvement,  was 
published  in  the  Beport  of  the  Ohief  of  Engineers  for  1895,  opposite 
page  3434. 

The  estimated  cost  of  the  improvement  is  $372,000. 

Itesults  obtained  during  the  fiscal  year  ending  June  30 ^  1898. — "So  work 
was  done  during  the  fiscal  year  ending  June  30, 1898,  and  no  results 
were  obtained. 

Recommendations  and  remarks, — l^o  material  benefit  has  resulted  from 
the  work  done  thus  far,  and  none  will  result  until  the  channel  has  been 
dredged  through  the  flats  from  deep  water  outside  to  deep  water  inside. 
Until  the  dike  is  backed  up  with  the  dredged  material,  repairs  will  be 
necessary  with  every  appropriation.  Therefore,  the  longer  the  work  is 
in  being  completed  the  longer  will  the  benefits  to  be  received  from  it 
be  delayed  and  the  more  the  work  will  cost. 

The  commercial  statistics  for  Everett  Harbor  were  this  year  again 
famished  by  Mr.  F.  H.  Brownell,  and  as  usual  were  very  complete  and 
satisfiEictory. 

An  appropriation  of  $150,000  is  recommended  as  the  amount  which 
can  be  profitably  expended  on  the  project  during  the  fiscal  year  ending 
Jane  30, 1900. 

Future  operations. — ^The  dike  will  be  repaired  and  added  to  from  time 
to  time  as  may  be  necessary,  and  the  dredging  continued,  so  as  to  give 
such  relief  to  shipping  as  the  funds  will  permit. 

Money  statement. 

July  1, 1897y  balance  unexpended $791.77 

JuiieS^,  18943,  amount  expended  during  fisoal  year 316.50 

July  1,  1898,  balance  unexpended 475.27 

JnJy  1,  1898,  outstanding  habilities .71 

JuJyl;  1898,  balance  available 474.56 


I  AiaO^^z,  ji  In  compliance  with  requiremente  of  sections  2  of  river  and 
Sabf'^^  ^tB  of  1^^  *^d  ^^'^  ^^  o^  sundry  civU  act  of  June  4, 1897. 
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Act  of— 

August  18, 1894 $10,000 

Junes.  1896 20,000 

Total 30,000 


COHMBBCIAL  8TATI8TIG8. 

Everett  is  in  the  coUeotlon  distriot  of  Puffet  Sound,  and  is  a  snbport  of  entry. 

The  following  returns  were  furnished  by  Mr.  F.  H.  BrowneU,  Yice-presidentEventt 
Land  Company,  and  are  for  the  calendar  year  1897. 

There  are  4  seagoing  steamers  of  the  propeller  type,  with  an  aggregate  tonnage  of 
7,920  tons,  and  15  river  steamers,  mostly  of  the  stem-wheel  class,  with  an  aggregile 
tonnage  of  about  2,000  tons,  that  are  engaged  in  the  Everett  commerce. 

The  maximum  draft  of  the  steamers  is  24  feet. 

The  number  of  passengers  carried  during  the  year  was  64,980. 

EsDporU  and  imporU  {waUr  •ftipmenti). 


CImb  of  goods. 


BleMhinff  powder 

Box  ahooka 

Bullion 

Coke 

Grain,  feed,  eto 

Lime  rook 

Lumber  and  producta. 
Merchandiae,  general . 

Nalla 

Ore 

Paper 

Wire  rods 


Total 


Szporto. 


Quantity. 


IbffM. 


9,000 
4,000 


2,025 

i'.iii 


2.858 

"i'ioo 


30.089 


Value. 


$24,000 
1,400,000 


52,500 


110, 361 
'i63,'338 


1,787,541 


Importe. 


QuanUty. 

ValiM. 

Ton», 
400 

|25,aM 

7.066 

4S.W 

9,600 

11,« 

10,679 

800,0 

15,000 

u^m 

2.202 

68,W 

44»871 


i.i88;« 


VV8. 

IMPROVEMENT  OP  SWINOMISH  SLOUGH,  WASHINGTON. 

(For  previous  history,  see  page  516,  Annual  Seport  of  the  Chief  of 
Engineers  for  1897.) 

Plan  of  improvement — ^The  plan  of  improvement  adopted  is  to  dredge 
a  channel  4  feet  deep  and  100  feet  wide  from  deep  water  in  Saratoga 
Passage  across  Skagit  Flats,  through  the  shoals  of  the  slough  proper, 
and  across  the  flats  of  Padilla  Bay  to  deep  water,  and  to  build  dikes 
in  Skagit  and  Padilla  bays  to  direct  the  ebbing  and  flooding  watos 
through  the  dredged  channels. 

The  estimated  cost  of  the  work  is  $122,000. 

A  report  of  a  survey  of  Swinomish  Slough,  upon  which  the  plan  of 
improvement  is  based,  is  printed  with  a  general  map  in  House  Ex.  Doe. 
No.  31,  Fifty-second  Congress,  first  session,  and  reprinted  without  niap 
in  the  report  of  the  Chief  of  Engineers  for  1892,  pages  2753-2762. 

Maps  showing  parts  of  the  improvement  are  also  published  in  the 
Report  of  the  Ohief  of  Engiueers  for  1894,  opposite  page  2615,  and  for 
1896,  opposite  page  3377. 

Results  obtained  during  the  fiscal  year  ending  June  30y  1898, — ^A  short 
spur  dike  was  added  to  the  dike  between  McGlinns  Island  and  GaU^ 
hers  Point. 

Report  of  operations. — During  September  and  October,  1897,  a  spur 
dike  7d6  foQ»\i  \oii%^^&  \yai\^iQ^  the  purpose  of  scouring  away  a  8h(xd 
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which  had  formed  in  the  channel  a  short  distance  inside  the  ''Hole  in 
the  Wall.''  There  were  placed  in  this  dike  4,834  linear  feet  piling,  105.6 
cords  of  brush  fascines,  148.1  cords  brush,  650  pounds  wire,  17,000  feet 
B.  M.  lumber,  1,740  pounds  spikes,  and  453«26  tons  of  stone,  at  a  total 
cost  of  $1,499.09. 

Recommendations  and  remarks. — ^The  work  done  the  past  year  com- 
pletes the  work  contemplated  by  the  project  as  far  as  Laconner,  the 
principal  town  on  Swinomish  Slough,  and  considerable  immediate  bene- 
fit is  derived  from  the  work  already  done;  but  as  all  the  work  so  far 
done  has  been  on  the  southern  half  of  the  slough,  no  benefit  is  derived 
by  boats  having  their  destination  north  of  Laconner. 

The  route  through  Deception  Pass  and  around  the  west  side  of  Fidalgo 
Island  is  a  particularly  dangerous  one,  as  the  island  is  high  and  cuts 
off  the  wind  to  such  an  extent  that  a  severe  wind  may  be  blowing  out- 
side and  but  little  intimation  of  it  felt  on  the  inside.  At  certain  stages 
the  tide  running  through  Deception  Pass  resembles  a  mountain  torrent 
more  than  a  tidal  flow.  On  the  ebb  this  tide  running  into  a  west  wind 
raises  a  dangerously  heavy  sea.  A  boat  once  started  through  the  Pass 
can  not  turn  back,  but  must  go  through  and  meet  whatever  sea  there 
may  be  on  the  outside. 

It  is  thertstbre  very  desirable  that  the  slough  be  fully  opened  with 
the  least  delay  practicable,  and  it  is  recommended  that  the  full  amount 
to  complete  the  project  be  appropriated. 

Future  operations. — Work  in  accordance  with  the  project  will  be 
extended  north  of  Laconner  as  fast  as  avsdlable  funds  permit. 

Money  statement. 

Jaly  1, 1897,  balance  nnezpended $2,169.75 

June30^1S98,  amoant  expended  daring  fiscal  year 2,005.61 

Jnly  1, 1898,  balance  nnexpended • 164.14 

Jaly  1, 1898,  oatstandlng  IiabiUties 9.00 

Jaly  1, 1898,  balance  available 155.14 

{Amonnt  (eetimated)  reqnired  for  completion  of  existing  project 47, 000. 00 
Amount  that  can  be  profitably  exjiended  in  fiscal  jear  ending  Jane  30, 1900    47, 000. 00 
Submitted  in  compliance  with  reqnirements  of  sections  2  of  river  and 
harbor  acts  of  1866  and  1867  and  of  sundry  oiYU  act  of  June  4, 1897. 


Appropriations. 
Act  of— 

July  13, 1892 $25,000 

August  18,  1894 25,000 

Jnne3, 1896 25,000 

Total 76,000 


COMICRRCIAL  STATISTICS. 

Bwinomish  Slough  is  in  the  collection  district  of  Paget  Sound.  The  nearest  port 
of  entry  is  Port  Townsend,  Wash. 

The  following  statistics  were  furnished  by  Mr.  John  Poison,  treasurer  of  the  La- 
oonner  Board  of  Trade,  and  are  for  the  calendar  year  1897: 

One  daily,  and  a  number  of  transient  steamers  are  engaged  in  trafiic  at  this  point. 
"Xbe  average  tonnage  is  about  250  tons.    The  maximum  clraft  is  10  feet. 

Six  thousand  passengers  were  carried  during  the  year. 

No  new  industries  have  been  reported. 
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Mxport9  and  imporU. 


Agriooltjml  implemenU 

Batter 

Cabbage  seed 

5gg« 

FUmr 

Fruit 

Fish 

Furs 

Oratn 

Hay 

Hides 

Hops 

Live  stoek 

Lumber 

Merchandise 

Potatoes 

Wood.oord 

Wool 


Ezi»orts. 


Qnantity. 


Tons. 


100 

20 

15 

200 

40 

1,600 

2 

20.000 

5,000 

50 

50 

1.500 

11,250 


Total 


5,000 

15,000 

2 


Valne. 


130, 

10, 

2. 

8, 

1. 
00. 

6. 

400, 

60, 

10, 

8. 

75, 

«0, 


OOO 
000 
000 

ooo 

000 
000 
009 
000 
000 
000 
000 
000 
000 


40, 

15. 
4. 


000 
000 
000 


60,729 


778,000 


Imports. 


Qnantity. 


TonB. 
850 


500 


Yslm. 


^W^i^^W 


iim 


8,400  i      34d,0N 


4,750        412.000 


V  V  9. 

raPROVEMENT  OF  KOOTENAI  RIVER,  IDAHO,  BETWEEN  BONNERS 
FERRY  AND  THE  INTERNATIONAL  BOUNDARY  LINE. 

The  appropriation  for  this  work  was  made  in  the  river  and  harbor  ad 
of  Jane  3, 1896. 

Description  of  original  condition. — ^The  portion  of  the  Kootenai  Bi?er 
for  which  this  appropriation  is  available  is  about  60  miles  in  lengtii, 
has  a  gentle  current,  and  a  depth  sufficient  for  navigation,  but  wtf 
obstructed  by  many  snags,  which  had  lodged  in  the  river. 

A  description  of  this  part  of  the  river  is  published  in  the  Beport  of 
the  Chief  of  Engineers  for  1893,  pages  3456-3458. 

Plan  of  improvement, — ^The  plan  of  improvement  is  to  remove  the 
snags  in  the  river  and  the  leaning  trees  on  the  banks  which  are  liable 
to  foil  in  and  become  obstructions. 

The  estimated  cost  of  the  improvement  is  $5,000. 

Results  obtained  during  the  fiscal  year  ending  June  30y  l^P^.— Tb« 
entire  stretch  of  river  embraced  within  the  limits  of  the  project  was 
worked  over  and  all  the  snags  in  the  channel  taken  out. 

Beport  of  operations, — Snagging  operations  were  carried  on  fros 
August  14  to  September  22, 1897,  during  which  time  401  snags  wert 
removed  irom  the  river. 

Recommendations  and  remarks. — ^At  the  time  snagging  oi>eratioiis 
were  suspended,  the  channel  had  been  practically  cleared  of  snags, 
but  from  the  nature  of  the  stream  and  the  surrounding  country  it  is 
certain  that  other  snags  will  accumulate  with  every  high  water.  The 
balance  of  the  appropriation  will  suffice  for  only  one  more  general 
clearing  out  of  the  channel  and  in  a  few  years  the  stream  will  again  be 
lulled  with  snags.  With  the  advent  of  the  railroads  the  importance  of 
this  part  of  the  Kootenai  Biver  as  a  navigable  stream  has  greaUy 
diminished,  and  only  an  occasional  boat  now  plys  on  this  stream,  sd 
such  boats  as  there  are  are  all  of  British  register. 

As  the  appropriations  amount  to  the  estimated  cost  of  improvem^t, 
no  recommendation  is  made  in  regard  to  future  appropriations. 

Future  operat'i(ya%.— Whenever  it  may  be  necessary  the  snags  in  the 
river  wVW  b^  ta\icii  ou\.  ^^\«v\^  id&  n^^s.^^.  ^x^xsAa  last. 
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Money  statement 

Jaly  1, 1897, balance  unexpended $2,836.97 

June  SO,  189iB,  amonnt  expended  during  fiscal  year 2,091.61 

July  lyl898|  balance  unexpended 745.46 


Appropriation, 


Act  of  June  3, 1896. 


$5,000 


OOMMERCIAL  8TATISTIG8. 

The  oommercial  statistics  for  this  improyement  were  ftimished  by  Mr.  F.  M. 
liucas  and  David  0.  Browne,  collector  of  customs,  and  aie  for  the  calendar  year 
1897. 

ExpwrU  a«ci  tmporto. 


Bxporto. 

Imports. 

Quantity. 

Valne. 

Quantity. 

Valne. 

Orain... 

Torn, 
400 
500 
860 
603 
160 
1 
178 

$8,000 
5,000 
1.000 

14,600 
600 

10.000 
8,625 

Ton$. 

H«v 

T*nilt  Anil  ▼AflmlAlilAA  . ....•...••-. 

Wood rr. 

Fara 

M1fM^11anfK>ai ............................ ...i........tt-.,-- 

30 

11,500 

Total 

2,182 

47,626 

30 

1,600 

Of  the  above  values,  $39,306  worth  of  exports  and  $1,104  worth  of  imports  passed 
through  the  hands  of  the  collector  of  customs,  port  of  Great  Falls,  Mont. 

Two  sawmills  with  a  capacity  of  90,000  feet  of  lumber  and  50,000  shingles  per 
day  have  been  built  at  Bonners  Ferry,  and  a  stone  quarry  opened  1  mile  below. 

Ten  steamboats  pl^  on  this  part  of  the  river  whose  tonnage  runs  from  7  to  320 
grosa  tona.    The  maximum  draft  is  3  feet  6  inches. 


V  Vxo. 

IMPROVEMENT  OP  KOOTENAI  RIVER,  ABOVE  JENNINGS,  MONTANA. 

Description  of  original  condition, — ^The  Kootenai  Elver  between  Jen- 
nings and  the  international  boundary  line,  a  distance  of  65  miles,  is 
fairly  good  for  purposes  of  navigation.  At  extreme  low  water  it  is 
obstmcted  at  several  places  by  shoals  over  which  there  is  not  safficient 
water  for  navigation.  At  the  higher  stages  the  only  obstruction  of 
any  consequence  was  in  a  canyon  about  5  miles  above  Jennings,  where 
the  rock  walls  of  the  river  approach  each  other  to  such  an  extent  as  to 
produce  a  very  marked  damming  effect  upon  the  river,  causing  a  heavy 
fall  and  swift  currents.  Large  rocks  were  scattered  about  in  the  river 
and  along  the  shores  rendering  the  ascent  of  boats  difficult  and  the 
descent  extremely  dangerous.  The  best  channels  through  the  rocks 
were  about  80  feet  wide. 

Plan  of  improvement. — ^The  project  adopted  for  this  improvement  is 
to  break  up  and  remove  the  dangerous  rocks,  and  by  cutting  off  the 
XK>ints  which  produce  the  damming  effect  so  increase  the  channel  as  to 


.{ 


|i 


1 


1 

I 


1 
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season  of  tne  year.  worK  was  startea  on  uctooer  29,  and  fiDisbec 
November  26, 1897.  The  work  was  considerably  interfered  with 
nnusnally  cold  weather  and  an  almost  nuprecedented  rise  in  the  r 
for  that  season  of  the  year,  bnt  all  the  work  planned  for  that  Mi 
accomplished.  Daring  the  time  work  was  in  progress,  there  i 
removed  and  disposed  of  1,859  cnbic  yards  of  rock,  increasing  the  wi 
of  the  river  at  high  water  from  150  feet,  its  original  width,  to  200  f 

Recommendations  and  remarks, — ^The  rocks  which  were  particnls 
complained  of  when  the  project  was  made  were  all  removed  last  fleas 
The  removal  of  those  rocks  will  nndoubtedly  cause  snch  a  chaDgi 
the  currents  as  to  make  other  rocks  obstructions  under  the  chaoj 
conditions  which  were  formerly  not  noticeably  in  the  way.  Ooe  b 
son's  navigation  will  develop  what  additional  work  is  needed,  and  i 
balance  of  the  appropriation  will  suffice  for  this  additional  work. 

The  appropriation  amounts  to  the  estimated  cost  of  the  work, 
recommendation  is  made  in  regard  to  fixture  appropriations. 

Future  operations. — Such  rocks  as  may  prove  to  be  obstructions  i 
be  removed. 

Money  statement 

Amonnt  aUotted  by  act  of  July  19,  1897 $5,(W 

Jane  30, 1898,  amount  expended  daring  fiBoal  year S,56i 

July  1, 1898,  balance  unexpended 1,431 

July  1, 1898,  outstanding  liabilities 15. 

July  ly  1898,  balance  available 

Appropriation, 
Act  of  July  19,  1897 H^l 


COMMERCIAL  STATISTICS. 

The  following  commercial  statiBtica  were  furnished  by  Mr.  J.  D.  Miller  and  Dn 
G.  Browne^  collector  of  customs^  and  are  for  the  calendar  year  1887 : 


ExnorU  amd  imnorim. 
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No  pTGYions  report  of  statistics  Las  been  made  for  this  work. 

Of  the  above  valaes  $42,373  worth  of  exports  and  $127,548  worth  of  imports  passed 
throagh  the  hands  of  the  collector  of  customs,  port  of  Great  Falls,  Mont. 

Three  steamers  plied  on  the  river  part  of  the  year — the  North  Star,  379  tons; 
GwendoUney  158  tons,  and  Ruth,  368  tons.    The  maximum  draft  is  3  feet  6  inches. 

One  thousand  and  eighty -seven  passengers  were  carried. 

The  steamers  Gwendoline  and  Buth  were  wrecked  on  May  7, 1897. 


V  V  IX. 

IMPROVEMENT  OF  FLATHEAD  RIVER,  MONTANA. 

The  first  appropriation  for  this  work  was  made  in  the  river  and  har- 
bor act  of  June  3, 1896. 

Description  of  original  condition. — The  portion  of  the  Flathead  River 
incladed  within  the  limits  for  which  this  appropriation  is  available  is 
about  27  miles  in  length.  This  portion  of  the  river  is  of  very  gentle  slope, 
running  with  many  turns  through  a  large  area  of  low-lying  lands,  and 
has  a  minimum  depth  of  about  10  feet,  but  is  obstructed  by  a  large 
number  of  snags  which  have  accumulated  in  the  river. 

Plan  of  improvement. — The  plan  of  improvement  is  to  remove  the 
snags.    The  language  of  the  act  making  the  appropriation  is  as  follows : 

Improving  Flathead  River,  Montana,  ten  thousand  dollars,  which  sum  shall  be 
expended  in  snagging  from  Demersville  to  the  Flathead  Lake,  in  accordance  with 
the  plan  submitted  in  the  Annual  Report  of  the  Chief  of  Engineers  for  eighteen 
hundred  and  ninety-five. 

No  estimate  of  the  cost  of  this  improvement  has  been  made,  and  firom 
its  nature  none  can  be  made. 

A  description  of  this  work  is  given  In  the  Beport  of  the  Ohief  of  En- 
gineers for  1895,  pages  3480-3484. 

Results  obtained  during  fiscal  year  ending  June  30j  1898. — ^The  entire 
stretch  of  river  within  the  limits  of  the  project  was  worked  over  and  the 
greater  part  of  the  worst  snags  removed. 

Report  of  operations, — Snagging  operations  were  carried  on  from  Sep- 
tember 30  to  Kovember  25, 1897,  when  they  were  suspended  on  account 
of  the  freezing  up  of  the  river,  and  from  March  16  to  April  28, 1898, 
when  they  were  suspended  on  account  of  high  water.  The  snagging 
was  done  with  a  small  stem- wheel  boat  fitted  up  with  an  ^^A"  frame, 
tackle,  and  a  hoisting  engine.  During  the  time  the  work  was  carried  on 
there  were  removed  from  the  river  846  snags. 

Recommendations  and  remarks. — The  entire  stretch  of  river  embraced 
within  the  limits  of  the  project  has  been  worked  over  and  the  greater 
part  of  the  snags  which  were  obstructions  to  navigation  removed  for  less 
than  half  the  sum  already  appropriated.  The  river  can  be  thoroughly 
cleared  of  all  the  obstructions  now  in  it  with  part  of  the  balance  of  the 
appropriation,  but  from  the  nature  of  the  river  and  the  surrounding 
country  new  snags  will  soon  come  in  and  form  new  obstructions,  so 
that  the  river  must  be  occasionally  gone  over  in  order  to  keep  it  in 
proper  shape.  The  funds  on  hand  will,  however,  be  sufficient  to  keep 
the  river  clear  for  the  next  two  years,  and  no  appropriation  is  recom- 
mended for  this  improvement  for  the  fiscal  year  ending  June  30, 1900. 

Future  operations. — The  remaining  snags  in  the  river  will  be  taken 
out  and  the  river  kept  clear  so  long  as  the  funds  will  permit. 
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Money  statement 

Jnly  1, 1897,  balance  unexpended $10,000.00 

JnneSO,  1898,  amount  expended  dnring  fiscal  year 4,47L03 

Jnly  1, 1898,  balance  unexpended 5,528.97 

July  1, 1898,  ontetanding  liabilities 10.00 

Jnly  1, 1888,  balance  available 5,618.97 

r  Amount  (estimated)  required  for  completion  of  existing  project Indefinite. 

I  Submitted  in  compliance  with  requirements  of  sections  2  of  river  and 
t    barbor  acts  of  im  and  1867. 


Appropriation, 
Actof  Junes,  1896 $10,000 


COlfMBRCIAL  STATISTICB. 

The  following  statistics  for  the  calendar  year  1897  were  furnished  by  Mr.  George 
P.  Stannard,  KalispeU,  Mont. : 

But  one  steamer,  with  a  draft  of  3  feet,  is  engaged  in  traffic  on  the  river  and  lake, 
and  the  business  of  the  steamer  is  not  classed  as  exports  and  imports. 

Three  hundred  and  sixty-three  tons  of  freight,  consisting  of  general  merchandise, 
lumber,  hay,  and  grain,  and  282  passengers  were  carried  between  local  points. 

Owing  to  the  snagging  operations  on  the  river,  some  20,000  ties  were  run  out,  and 
this  will  probably  constitute  one  of  the  industries  of  the  country. 


V  Via. 


PRELIMINART  EXAMINATION  OF  NEAH  BAY.  WASHINGTON,  WITH  A  VIEW 
TO  ITS  IMPROVEMENT  AS  A  HARBOR  OF  REFUGE. 

[Printed  in  Boom  Doo.  No.  ISO,  Fifty-fifth  Congnu,  seoond  aeisioii.] 
OFPIOE  OP  THE  OHIEP  OP  ENGINEERS, 

United  States  ArmT| 
Washingtanj  D.  (7.,  December  6j  1897. 

Sir  :  I  have  the  honor  to  snbmit  the  accompaQying  report  of  Noyem- 
ber  10, 1897,  with  map,*  by  Gapt.  Harry  Taylor,  Corps  of  Engineers, 
of  the  reealts  of  a  preliminary  examination  of  Feah  Bay,  Washington, 
with  a  view  to  its  improvement  as  a  harbor  of  refage,  made  to  comply 
with  the  requirements  of  the  river  and  harbor  act  of  June  3, 1896. 

Oaptain  Taylor  states  that  from  the  conditions  under  which  the  com- 
merce passing  through  the  Straits  of  Fuca  is  carried  on,  as  described 
in  his  report,  and  the  number  of  wrecks  which  have  occurred,  it  seems 
that  this  commerce  does  frequently  need  a  harbor  of  refuge;  that  Neah 
Bay  is  the  best  and  most  suitable  place  for  such  a  harbor  of  refuge; 
that  in  his  opinion  the  locality  is  worthy  of  improvement  ^^  as  a  harbor 
of  refuge,"  and  that  the  improvement  is  justified  by  the  interests  of 
commerce  involved.  His  views  are  concurred  in  by  the  Division  Engi- 
neer, Ool.  Ghas.  R.  Suter,  Gorps  of  Engineers. 


*  Kot  roptvuteOi.  Yt\\\\A!>^va.Roiia«  Doc.  No.  139,  Fifty-fifth  CongreBSy  second  soesion. 
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It  is  estimated  that  a  sarvey  necessary  for  preparation  of  plans  and 
estimates  for  improvement  will  cost  $500,  and  in  my  opinion  the  condi- 
tions justify  such  a  survey  as  will  furnish  the  detailed  information 
necessary  for  determining  the  cost  of  the  proposed  work  and  its  rela- 
tion to  the  interests  of  commerce  involved. 

Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.j  Chief  of  Engineers^ 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 


report  of  gapt.  harry  taylor,  corps  of  engineers. 

United  States  Engineer  Office, 

Seattle^  Wa8h.j  November  10, 1897. 

General:  I  have  the  honor  to  submit  the  following  report  of  a 
preliminary  examination  of  Neah  Bay,  Washington,  <<with  a  view  to 
its  improvement  as  a  harbor  of  refuge,"  made  in  compliance  with  the 
river  and  harbor  act  of  June  3, 1896,  and  assigned  to  my  charge  by 
your  letter  of  June  16, 1896. 

The  advisability  of  improving  Keah  Bay  so  as  to  convert  it  into  a 
harbor  of  refuge  depends  upon  several  considerations,  principal  among 
which  are: 

First.  Whether  any  harbor  of  refuge  is  needed  in  the  general  locality. 

Second.  If  a  harbor  of  refuge  is  needed,  is  Neah  Bay  the  best  and 
most  suitable  place  for  itf 

Third.  The  cost  of  constructing  a  harbor  of  reftige  at  Keah  Bay. 

Whether  any  harbor  of  refuge  is  needed  will  depend  upon  the  amount 
of  commerce  in  the  vicinity  which  might  seek  such  a  harbor  in  case  of 
need,  and  whether  the  conditions  are  such  as  to  make  it  probable  that 
such  cases  of  need  would  often  happen  if  the  commerce  were  there. 

Neah  Bay  is  located  at  the  outer  end  of  the  Strait  of  Fuca,  through 
which  passes  practically  all  of  the  deep-sea  shipping  arriving  at  or 
departing  from  Puget  Sound  or  British  Golumbia  ports.  Enormous 
quantities  of  lumber  and  coal  are  continually  being  exported,  and  dur- 
ing the  fall  and  winter  large  quantities  of  wheat  are  also  exported. 
In  addition  to  carrying  these  exports  and  the  miscellaneous  merchan- 
dise imported  for  local  consumption,  the  shipping  passing  through  the 
strait  has  direct  connection  with  three  transcontinental  railroads — ^the 
Northern  Pacific^  the  Great  Northern,  and  the  Canadian  Pacific.  Each 
one  of  these  railroads  has  a  separate  and  independent  transpacific 
connection. 

The  present  indications  are  that  the  commerce  passing  through  the 
straits  will  rapidly  and  constantly  increase  in  volume  and  value  in  the 
fiiture.  Within  the  past  year  a  new  steamship  line  between  Seattle 
and  Japan  has  been  established.  The  gold  finds  in  Alaska  within  the 
past  few  months  seem  to  point  to  a  large  commerce  with  that  Territory 
in  the  near  future,  much  of  which  will  pass  through  the  straits. 

I  give  here  a  summary  of  the  arrivals  at  and  departures  from  United 
States  porto  for  the  two  years  ending  June  30,  1897.  This  list  was 
furnished  through  the  kindness  of  Col.  H.  D.  Heustis,  collector  of 
customs.  Port  Townsend.  This  represents  the  tonnage  entering  and 
clearing  at  United  States  porto  only.  It  is  probable  that  a  similar  list 
for  British  Columbia  ports  would  show  a  tonnage  nearly  equal  to  this. 
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ClearatuM  July  /,  1896,  fo  Jimo  90y  18S7. 


8t«am 
vessels. 

Sailing 
▼esaels. 

Hailing 

for 

foreign 

ports. 

HaiUng 

for 

domeatlo 

porta. 

Total 
olearing. 

Tonnage, 
foreign. 

Tonnaee, 
domestic. 

Tqtsl 
tonnsee 
cleared. 

Total  for  last  six 

months,  1895 

ToUl  for  firnt  six 

months,  1890 

Total  for  last  six 

months,  1890..... 
Total  for  fln*t  six 

months,  1897 

1,018 
860 

1,163 
888 

107 
140 
144 
112 

1,120 
1.000 
1,807 
1,000 

09 

150 
119 
116 

1,219 
1.159 
1,420 
1.115 

080,871 
640.814 
003,740 
652,904 

107,579 
120,801 
117.000 

100,775 

744,450 
061,675 
720, 8U 
002,079 

Grand  total.. 

8,033 

503 

4.430 

483 

4,919 

2,834.888 

456,284 

2, 789,  OS 

Entered  July  1, 1895,  to  June  SO,  1897. 


Steam 
ressels. 

Sailing 
Tosaela. 

Hailing 
firom 

foreign 
porta. 

Hailing 
ftt>m 

domestic 
ports. 

Total 
entering. 

Tonnage, 
foreign. 

TOnnai^ 
domeatlo. 

Total 
tonnage 
entered. 

Total  for  last  six 

months,  1895 

Total  for  first  six 

months,  1890 

Total  for  laat  alx 

months,  1890 

Total  for  first  six 

months,  1897 

1,016 
868 

1,166 
878 

78 

82 

157 

92 

1,094 
940 
1,823 
.     070. 

138 
147 
140 
123 

1.231 
1,087 
1,403 
1,003 

689,300 
485.471 
029.012 
618,060 

144,341 
148,689 
121.005 
128,103 

733.611 
634,000 
751.517 
640,233 

Grand  total.. 

8,018 

409 

4,827 

649 

4,874 

2,222,452 

642,906 

2, 705, 45* 

It  thus  appears  that  the  commerce  in  the  locality  is  a  large  and  grow- 
iDg  one.  Are  then  the  conditions  sach  as  to  make  it  probable  that  this 
commerce  woald  be  likely  to  need  the  harbor  f 

Throaghoat  the  Straits  of  Faca  there  is  an  abundant  depth  of  water 
and  very  few  dangers  In  the  way  of  rocks  isolafted  firom  the  shore. 

The  real  dangers  which  beset  vessels  come  from  thick  weather,  fog, 
rain,  and  smoke,  which  are  very  prevalent;  winds;  the  set  and  strength 
of  the  heavy  cross  seas  off  the  entrance,  which  departing  vessels  roast 
encounter  or  return  some  50  miles  to  a  place  of  safety;  and  the  lack  of 
anchorage  and  sheltered  positions  to  which  to  retire  in  case  of  storm  or 
trouble. 

About  the  entrance  to  the  strait  the  rainfall  is  very  great;  at  Neah 
Bay  it  averages  about  100  inches  per  year,  while  it  has  been  known  to 
rain  132  inches  in  a  single  year. 

At  Port  Townsend  and  Victoria,  at  the  eastern  end  of  the  strait,  the 
rainfall  is  only  about  20  inches  per  year. 

When  not  raining  about  the  entrance  it  is  apt  to  be  very  foggy,  the 
foggiest  months  being  July,  August,  and  September.  The  fogs  are 
densest  near  the  entrance,  and  decrease  in  frequency  and  intensity 
toward  the  inner  end  of  the  straits. 

Added  to  the  rain  and  fog  is  a  dense  smoke  which  hangs  over  the 
country,  often  for  considerable  periods.  This  comes  from  forest  fires 
and  clearing  fires  about  the  straits  and  Sound. 

This  prevalenceof  thick  weather  indicates  the  desirability  and  neces- 
sity of  a  multiplicity  of  guiding  signals  along  the  shore  of  the  straits. 

During  the  summer  but  little  trouble  is  exi)erienced  from  the  winds, 
but  in  winter  the  strong  southeast  winds  draw  directly  out  and  create 
a  very  heavy  cross  sea  off  the  entrance,  the  great  south  «eest  swell 
meeting  that  gomf^  out. 
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In  snch  cases  sailing  vessels  going  oat  to  sea  are  in  great  peril.  The 
alternative  is  to  pat  back  to  Port  Angeles  or  Eoyal  Boads^  some  50 
miles,  and  wait  for  a  change  of  wind.  Neah  Bay  is  also  sometimes  ased 
by  vessels  in  which  to  ride  oat  rough  weather.  Olallam  Bay  is  also 
occasionally  used  for  this  purpose. 

The  currents  run  through  the  straits  with  great  velocity,  the  average 
being  about  3  miles  per  hour.  Off  the  Bace  Bocks  and  Beechy  Head 
it  often  reaches  6  miles  per  hour. 

There  is  a  peculiar  set  to  the  currents  which,  combined  with  the  pre- 
vailing heavy  swells  and  the  southwest  winds  of  winter,  make  it  dan- 
gerous to  get  near  the  northern  shore  of  the  straits  about  the  entrance. 
If  a  ship  near  the  entrance  gets  beyond  control,  she  is  almost  certain, 
unless  rescued,  to  bring  up  on  the  shores  of  Vancouver  Island. 

The  water  in  the  Straits  of  Fucais  of  great  average  depth.  In  some 
places  bottom  was  not  found  with  a  150fathom  line.  The  deep  water 
continues  close  up  to  shore,  as  a  geueral  thing.  The  only  anchorage  on 
the  south  shore  of  the  straits  near  the  entrance  is  in  !Neah  Bay.  This 
anchorage  is  very  imperfect,  on  account  of  the  bay  being  open  to  the 
swells  to  the  northwest  and  because  of  the  strong  currents  through  it. 

The  next  anchorage  is  at  Clallam  Bay,  which  is  24  miles  inside  Gape 
Flattery.  This  anchorage  is  entirely  open  to  the  north,  but  is  protected 
from  the  south  and  to  a  limited  degree  from  the  east  and  west. 

The  next  anchorage  is  a  similarly  situated  bay,  called  Freshwater 
Bay,  about  55  miles  in  from  Gape  Flattery.  The  nearest  well- protected 
anchorage  to  the  entrance  to  the  straits  is  Port  Angeles,  65  miles  from 
Flattery. 

On  account  of  the  conditions  above  described  sailing  vessels,  as  a 
role,  are  towed  between  Gape  Flattery  and  Port  Townsend,  a  distance 
of  nearly  100  miles.  Even  with  a  powerful  tug  the  time  occupied  by 
such  a  tow  is  about  twelve  hours.  Sudden  storms  are  of  frequent  occur- 
rence in  the  vicinity  of  Gape  Flattery,  especially  in  the  winter  season, 
and  a  vessel  may  leave  Port  Townsend  with  the  indications  favorable 
for  a  fair  passage  clear  of  the  straits  only  to  arrive  at  the  entrance  and 
find  a  violent  storm  raging. 

The  telegraphic  communication  with  Gape  Flattery  is  very  frequently 
broken  during  the  winter,  and  in  that  case  the  condition  of  the  weather 
at  the  entrance  is  not  known  even  when  the  vessel  starts  from  Port 
Townsend,  as,  on  account  of  the  high  mountain  range  between  Pnget 
Sound  and  the  ocean,  the  character  of  the  weather  on  the  Sound  at 
any  time  is  apt  to  be  a  poor  guide  as  to  what  it  may  be  on  the  coast. 
Under  the  existing  conditions,  with  no  safe  harbor  within  many  miles, 
a  vessel  once  at  the  entrance  of  the  straits  will  almost  invariably  put 
to  sea  no  matter  what  the  storm  may  be  and  take  the  chances  of  clearing 
land  rather  than  take  the  long  tow  back.  With  steam  vessels  the 
same  is  true,  only  to  a  lesser  extent,  as  they  make  the  passage  to  the 
entrance  in  less  time  and  can  more  readily  turn  back  if  they  desire  to. 
They  also  run  less  risk  of  being  blown  onto  Vancouver  Island  in  a  south- 
west storm,  the  prevailing  direction  of  winter  storms. 

Neah  Bay  in  its  present  condition  is  not  a  safe  anchorage,  as  it  is 
entirely  exposed  to  the  northwest,  and  in  heavy  northwest  weather  the 
seas  break  entirely  across  it.  Tugs  frequently  anchor  there,  but  sail- 
ing vessels  very  seldom,  for  a  sailing  vessel  caught  in  there  in  a  sudden 
shift  of  wind  to  the  northwest  would  be  in  a  very  dangerous  position. 

Under  date  of  January  1, 1895,  Gapt.  Thomas  W.  Symons,  Gorps  of 
EngineerSi  submitted  a  report  of  a  preliminary  examination  of  Glailam 
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Bay,  Washington,  which  was  published  in  House  Ex.  Doc.  No.  226,  Fifty- 
third  Congress,  third  session.  This  report  contained  a  list  of  wrecks 
and  disasters  occurring  in  the  Straits  of  Fuca  and  off  Gape  Flattery 
and  adjacent  coast  between  the  years  1874  and  1894  (pp.  7,  8,  and  9, 
said  report). 
The  summary  of  this  table  was  as  follows: 


CMuslttee. 


Vessels  stranded  in  heaTj  gales  and 

otherwise. 
Vessels  foundered 

Vessels  eapsixed  and  abandoned 

Vessels  leaking  and  otherwise  disabled 

by  storms. 
Vessels  in  odlUsion 

Vessels  bnmed 

Vessels  missing 

Vessels  foundered  or  stranded 

Total 


Bemarka. 


Of  this  number  84  oocarred  In  Straito  of  Jnsn  da 

Fuca. 
Of  this  number  2  oocurred  in  Straito  of  Juan  da 

Fuoa. 
All  occurred  off  Cape  Flattery. 
Of  this  number  10  ooourred  off  Cape  Flattsfy. 

Of  this  number  8  ooourred  in  Str^to  of  Juao  de 

Fuca. 
Of  this  number  2  occurred  in  Stnito  of  Juan  it 

Fuoa. 
Outside  of  Gape  Flattery. 
Along  southwest  shores  of  Vanoouver  Island;  tx* 

aet  location  not  recorded. 


The  following  wrecks  and  disasters  are  known  to  have  occurred  in 
the  vicinity  since  those  reported  by  Captain  Symons: 


Kama. 

Big. 

Flag. 

Date. 

Nature  of  casualty. 

Location. 

LOM. 

Moonlight 

lAelrose.  ....>.. 

Sohooner . 
Bark 

United 
Stotes. 
...  .do ... 

Sept,    18M 

Not.,      ISH 
Deoa,      18M 

.....do  •....• 
Mar.   8,1895 

May  12,1805 

Aug.,     1895 

Oct.,       1895 
Deo.,      1885 

Deo.  28, 1895 
Deo.,      1895 

Deo.  81,1895 

Jan.,      1896 

Jan.  28,1896 

Feb.    5,1896 
July,      1806 
Oct.  24,1896 

Not.,     1896 

Apr.,      1897 
Oot.,       1897 

* 
Sprung  a  leak  — 

.....  do  ............ 

Off   Cape    Flat- 
tery. 

StraitaofFuca.. 

Off   Cape    Ftat- 
tery. 

.....do  •••••■.•••• 

Partial. 
Da 

Southern  Chief. 
Scottish  Dales. 

*  •  •  •  •  CIO  •  •  •  • 

Ship 

steamer  .. 

Tug 

Steamer.. 

.....  do  •  a  a  . 

...  .do ... 

British  . 
United 
States. 
— do  ... 

British  . 

...  .do  ... 

Abandoneid  at  sea 
in  a  water- 
logged condi- 
tion;   setter- 
wards  towed  to 
Port  Townsend. 

Partly  dismasted . 

Budder  disabled.. 

Put  ashore  in  dis- 
tress. 
Stranded  ....w.... 

VanoouTsr 

Mogul 

20  miles  from 

Victoria. 
2  miles  west  of 

NeahBay. 

Vanoouyer  Is- 
land. 

Pacifio  Ocean.... 

StraitaofFuca.. 

do  -•-•....... 

TotsL 
Da 

Warrimoo . . .  - . 

PartJiL 

Stmthnevis. ... 

Lost  propeller.... 
Cargo  shifted  dur- 
ing heavy  gale. 
Swent  bv  seas .... 

Da 

Waohusett 

Siiraal 

Ship 

Steamer  . . 
Barken- 

tine. 
Ship 

Sohooner  . 
Ship 

United 
States. 

do  . . . 

....do  ... 

British. 

.•••do ... 
•  ■  •  .do  ... 

Da 
Da 

Marion 

J^anet  Cowan . . . 

Swept  by  seas  and 

partly  filled. 
Stranded 

Outride     Cape 
FlattM7. 

Point,    Van- 

oouver  Island. 

Ontaide     Gape 

Flattery. 
do  ...• 

Da 
Total 

Maybell 

Kineyeh....... 

Foundered 

Dismantled  and 

abandoned. 
Stranded 

Da 
Da 

ICllbrannon .... 

**•**«'  «•••.. 

...  .do  .  •  • 
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BBMABKS. 

SirathnevU, — Taken  in  tow  by  steamer  Miawera  December  18.  On  December  23  tow- 
line  parted  near  Cape  Flattery  during  gale.  December  24  taken  in  tow  by  steamer 
Mineola,  and  towed  to  Port  Townsend. 

Witohusett. — Put  into  Port  Angeles  December  22  with  a  6-foot  Ust,  leaking  badly, 
and  with  6  feet  of  water  in  hold.  Lightened  200  tons  of  cargo  and  made  temporary 
repairs. 

MarioH. — Jettisoned  deck  load  daring  heaTy  gale. 

8amaria.SBiled.  from  Seattle  March  30.  Wreckage  of  house,  boat,  and  life  buoy 
with  name  Samaria  came  ashore  on  Cape  Disappointment  April  24. 

Schooner  Louisa  D.  arrived  at  San  Francisco  April  27, 1897,  and  reported  that  on 
April  20,  when  30  miles  southeast  of  Cape  Flattery,  passed  through  a  large  quantity 
of  wreckage,  and  picked  up  two  doors  and  portion  of  camphor-wood  chest. 

Steamer  JClla  Roklffa  arrived  at  Fort  Wrahgell  April  2, 1897,  and  reported  that  on 
March  30,  when  110  miles  off  Cape  Flattery,  passed  through  wreckage,  evidently  of 
a  smaU  schooner. 

Wreckage  reported  by  Nicaragoan  bark  Dominion,  80  miles  southwest  of  Cape 
Flattery,  January  5, 1895. 

Hull  of  a  large  doable-decked  vessel  reported  near  the  entrance  to  the  Straits  of 
Fuca,  January  28, 1895. 

The  ship  Ivahhoe,  given  by  Captain  Symons,  Corps  of  Engineers,  as  ''missing.''  is 
now  known  to  have  foundered  in  a  gale  off  Cape  Flattery,  probably  a  very  snort 
time  after  passing  out. 

Steamers  MonUerrat  and  Keweenaw  lost  off  Cape  Flattery  December,  1894.  Both 
steamers  loaded  with  coal  for  San  Francisco. 

From  the  conditions  under  which  the  commerce  passing  through  the 
Straits  of  Fuca  is  carried  on^  as  described  above,  and  the  number  of 
wrecks  which  have  occurred,  it  seems  that  this  commerce  does  fre- 
quently need  a  harbor  of  refuge. 

Is,  then,  Neah  Bay  the  best  and  most  suitable  place  for  such  a  harbor 
of  refuge  f  As  to  this  there  seems  to  be  no  doubt.  Neah  Bay  is  within 
5  miles  of  the  extreme  point  of  Gape  Flattery,  practic^ly  at  the  very 
entrance  to  the  straits.  There  is  no  harbor  of  any  kind  nearer  the 
entrance.  The  nearest  inside  is  Clallam  Bay,  which  has  already  been 
unfavorably  reported  upon,  partly  on  account  of  its  distance.  And 
there  is  no  possible  location  for  a  harbor  of  refuge  within  100  miles  south 
of  the  enlarance;  in  fact  there  is  no  harbor  of  any  sort  worth  mentioning 
within  that  distance.  Therefore,  if  there  is  to  be  a  harbor  of  refoge, 
Keah  Bay  must  be  the  place. 

What  will  be  the  cost  of  constructing  a  harbor  of  refuge  at  Neah 
Bay  f  No  attempt  has  been  made  to  make  any  estimate  as  to  the  cost, 
as  sufficient  data  are  not  available.  In  a  general  way,  however,  it  may 
be  stated  that  the  expense  will  not  be  excessive.  Neah  Bay  proper  is 
approximately  a  mile  deep  below  the  general  coast  line  and  2  miles 
wide.  Lying  to  the  northeast  of  the  bay  is  an  island  somewhat  over 
half  a  mile  in  length.  This  island  lies  in  such  a  manner  as  to  partially 
close  the  bay  to  the  northeast,  so  that  with  the  bay  proper  and  the 
water  protected  by  the  island  a  basin  about  a  mile  and  a  half  deep  is 
formed  with  a  narrow  opening  to  the  east  and  an  opening  about  a  mile 
and  a  half  wide  to  the  northwest.  A  breakwater  located  so  as  to  pro- 
tect the  bay  from  the  northwest  would  therefore  afford  all  the  protec- 
tion required.  There  is  no  stone  in  the  immediate  vicinity  which  could 
be  used  for  such  a  breakwater,  but  it  is  believed  that  ample  suitable 
stone  can  be  found  on  Puget  Sound,  so  that  the  cost  per  ton  will  be 
reasonable;  and  as  the  length  of  the  breakwater  would  probably  not 
exceed  a  mile,  the  cost,  as  stated  above,  should  not  be  excessive. 

I  am  therefore  of  the  opinion  that  Neah  Bay  is  worthy  of  improve- 
ment ^'as  a  harbor  of  refuge,"  and  that  the  improvement  is  justified  by 
the  interests  of  commerce  involved. 
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I  inclose  herewith  a  tracing  from  a  Coast  and  Geodetic  Sorvey  charts 
showing  Neah  Bay  and  its  immediate  vicinity. 

It  is  estimated  that  to  make  the  reqaisite  sarvey  and  prepare  plam 
and  estimates  for  the  improvement  will  cost  $500. 
Very  respectfolly,  your  obedient  servant, 

Harry  Taylor, 
Captaiiij  Corps  of  EngineerL 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  8.  A. 

(Through  the  Division  Engineer.) 

[First  indorsement.] 

XJ.  S.  Engineer  Opfiob, 

Pacific  Division, 
San  Francisco y  CaLj  November  22^  1897. 

Bespectfhlly  forwarded  to  the  Chief  of  Engineers,  United  States 
Army. 
I  concur  in  the  opinion  of  the  district  officer. 

Chas.  E.  Sutbe, 
Colonel  of  Engineers,  Division  Engineer. 


VV13. 


SURVEY  OF  MOUTH  OF  WILLAPA  RIVER  AND  MAILBOAT  SLOUGH. 

WASHINGTON.  ^ 

[Pzinted  in  Honae  Doo.  No.  100,  Fifty-fifth  Congress,  seoond  session.] 

Office  of  the  Chief  op  Engineers, 

United  States  Army, 
Washington,  D.  C,  December  2, 1697. 
Sir:  I  have  the  honor  to  submit  the  accompanying  report  of  Aagost 
20, 1897,  with  map,*  by  Oapt.  Harry  Taylor,  Corps  of  Engineers,  of  the 
results  of  a  survey  of  mouth  of  Willapa  River  and  Mailboat  Slough, 
Washington,  made  to  comply  with  provisions  of  the  river  and  harbor 
act  of  June  3, 1896. 

The  river  is  obstructed  by  two  bars  between  South  Bend  and  the 
mouth,  and  the  plan  of  improvement  proposed  by  Captain  Taylor  is  to 
dredge  these  two  bars  to  a  depth  of  20  feet  at  mean  lower  low  water- 
the  width  through  the  lower  bar  to  be  200  feet  and  through  the  upper 
bar  100  feet.  He  estimates  that  the  work  proposed  will  cost,  in  roand 
numbers,  $80,000.  ^ 

In  submitting  his  report  Captain  Taylor  states  that,  in  his  opinion, 
the  proposed  improvement  is  a  worthy  one  and  is  justified  by  the  inter 
ests  of  commerce  involved.    This  opinion  is  concurred  in  by  the  division 
engineer.  Col.  Charles  E.  Suter,  Corps  of  Engineers. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
BHg.  Oen.j  Chief  of  Engineers, 

„       _  C  S.  Armi/. 

Hon.  B.  A.  Aloeb, 

Secretary  of  War. 


•Not  reprinted.    Printed  in  HouAe  Doc.  No.  100,  Fifty-fifth  Congresa,  second  B&m». 
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bepoet  of  gapt.  habby  taylob,  ooeps  of  engineebs. 

United  States  Enoineeb  Office, 

Seattle^  Wash.y  August  20y  1897. 

Genebal:  I  have  the  honor  to  submit  the  following  report  of  a  sar- 
vey  of  the  month  of  the  Willapa  Biver  and  Mailboat  Slough,  Washing- 
ton, made  in  compliance  with  the  river  and  harbor  act  of  June  3, 1896, 
and  assigned  to  my  charge  by  your  letter  of  September  5, 1896. 

Willapa  River  empties  into  the  Pacific  Ocean  through  Willapa  Har- 
bor about  25  miles  north  of  the  mouth  of  tbe  Columbia  Biver.  The 
entrance  to  Willapa  Harbor  from  the  ocean  has  for  many  years  main- 
tained a  depth  of  over  18  feet  at  mean  lower  low  water,  and  at  the  pres- 
ent time  has  a  depth  of  about  21  feet  at  mean  lower  low  water. 

The  mouth  of  the  Willapa  Biver  is  considered  to  be  in  the  harbor 
about  12  miles  in  a  direct  line  from  the  ocean  bar.  From  the  ocean  bar 
to  this  point  the  deptbs  are  ample  for  any  class  of  vessels,  ranging  from 
27  feet  to  as  much  «s  70  feet  at  mean  lower  low  water.  Near  its  mouth 
the  Willapa  Biver  is  joined  by  the  North  Biver,  which  flows  in  a  course 
nearly  at  right  angles  to  that  of  the  Willapa.  Just  above  the  junction 
of  these  two  streams  is  a  bar  having  a  ruling  depth  of  water  over  it  of 
about  16  feet  at  mean  lower  low  water.  The  bottom  of  the  river  at  this 
bar  is  lumpy  and  the  material  forming  it  appears  to  be  fine  hard  sand 
and  silt.  This  bar  separates  the  deep  water  of  Willapa  Harbor  from 
the  deep  water  of  that  part  of  Willapa  Biver  below  Mailboat  Slough, 
which  is  a  small  cut-off  channel,  leaving  the  Willapa  Biver  about  one- 
half  mile  above  Southbend,  the  principal  city  on  this  harbor,  and 
joining  it  again  about  1^  miles  below  the  city.  Immediately  above  the 
lower  end  or  mouth  of  Mailboat  Slough  is  another  bar,  having  a  con- 
trolling depth  of  about  14}  feet  at  mean  lower  low  water.  These  two 
bars  have  existed  with  about  the  same  depths  which  they  have  to-day 
since  the  earliest  recorded  surveys  of  this  harbor  were  made,  except 
that  the  upper  bar  has  scoured  away  from  2  to  3  feet  since  1892,  when 
the  Government  began  the  construction  of  a  dike  closing  the  upper  end 
of  Mailboat  Slough. 

The  principal  businesses  of  Willapa  Harbor  are  the  lumber  business 
and  the  fish  and  oyster  business.  Located  at  Southbend  are  three 
sawmills,  whose  combined  aggregate  daily  capacity  is  about  150,000 
feet.  It  is  reported  that  two  of  these  mills  are  to  be  rebuilt,  with  largely 
increased  capacities. 

The  lumber  is  mostly  shipped  to  San  Francisco  in  small  schooners,  as 
deep-draft  vessels  are  denied  charter  for  cargo  from  this  harbor  on 
account  of  the  two  bars  above  mentioned.  It  is  claimed  that  were  these 
two  bars  removed  the  mills  located  on  this  harbor  would  be  able  to 
compete  with  the  mills  of  Puget  Sound,  Columbia  Biver,  and  other 
deep-water  Pacific  coast  ports  in  the  foreign  lumber  trade.  Whether 
the  lumber  business  of  this  harbor  would  be  so  extended  or  not  may  be 
questioned,  but  there  can  be  no  question  but  that  the  present  trade 
would  be  materially  benefited,  as  the  vessels  which  now  carry  the  lum- 
ber experience  delays  on  account  of  these  bars.  One  flood  tide  is 
required  for  loaded  vessels  to  cross  the  two  bars.  Before  the  harbor 
throat  (distant  about  19  miles  from  Southbend)  is  reached  the  tide  is 
ebbing.  As  insurance  companies  prohibit  vessels  towing  to  sea  on  an 
ebb  tide,  they  are  forced  to  lie  at  anchor  in  a  rather  poor  roadstead, 
called  North  Cove,  for  about  twenty-four  hours.    During  the  winter 
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• 

southwest  storms  frequently  spring  np  and  vessels  may  be  bar  hod 
from  one  day  to  a  week  or  more  after  leaving  Sonthbend. 

I  am  of  the  opinion  that^  the  most  advantageous  and  eoononool 
method  of  improving  these  bars  is  to  dredge  a  channel  through  te 
to  a  depth  of  20  feet  at  mean  lower  low  water.  Near  the  lower  sbni 
mud  flat«,  which  are  covered  at  a  2-foot  stage  of  tide,  extend  sto 
If  miles  to  the  north  and  about  1  mile  to  the  south.  At  high  tide  tb 
forms  a  wide  expanse  of  water,  and  for  this  reason  tiie  channel  throofi 
the  lower  shoal  should  not  be  less  than  200  feet  wide.  The  diaoM 
through  the  upper  shoal  may  be  udaced  to  100  feet  in  width.  & 
waters  of  Willapa  Biver  carry  but  little  sediment  in  suspension,  il 
course  is  short,  and  for  12  miles  above  Sonthbend  it  is  a  tid^  streai. 
For  these  reasons  it  is  believed  that  a  dredged  channel  would  befiUj 
permanent. 

The  estimated  cost  of  this  improvement  is  as  follows: 

Dredging  at  lower  sboal, 250,000  onbio  yards,  at  20  cents $50* 

Dredging  at  upper  shoal^  100,000  oabic  yards,  at  20  cents.  -II{  JT'IJ"! !!!!!.  30, (U' 
Engineering, contingenoies, etc 11111111111.!.!!!    7,*^' 

Total 77,» 

or  in  ronnd  numbers,  (80,000. 

Forwarded  herewith  is  a  tracing,  niK>n  which  are  shown  the  tw 
shoals  and  a^acent  portions  of  the  river  and  the  location  of  the  p 
posed  dredging. 

Very  respectftilly,  your  obedient  servant, 

Habby  Taylor, 

_  ,     _       ^         ,,  ,„  ^^ptain^  Corps  ofUnaineen. 

Brig.  Gen.  John  M.  Wilson,  x-  y     v 

Chief  of  Engineersy  U.  8.  A. 


V  V  14, 


SURVEY  OP  QUILLAYUTE  HARBOR  AND  RIVER,  WASHINGTOS. 
[Printed  in  House  Doc  No.  180^  Fil|y-flith  OongzvM.  aeoond  aeasiflii.] 

Offiob  op  the  Ohisf  OP  Bnoinebrs, 

United  States  Abmt, 
Washingtany  JD.  C,  December  4, 1897. 
SiB:  I  have  the  honor  to  submit  the  accompanying  copy  of  repo^ 
with  map^*  dated  November  5, 1897,  by  Oapt.  Harry  Taylor  Goqx  ^ 
Engineers,  upon  the  results  of  a  survey  of  Qnillayute  Harbor  and  Bif«< 
Washington,  made  to  comply  with  the  provisions  of  the  river  and  h«i»f 
actof  June3, 1896. 

The  plan  of  improvement  submitted  provides  for  the  dosing  of  ^ 
present  river  mouth  by  means  of  a  dike,  the  reopening  of  the  old  moott 
the  protection  of  the  sand  spit  between  the  existing  lagoon  and  ^ 
ocean,  and  the  making  of  a  cut  across  the  sand  spit  to  the  south  of  tke 
lagoon  into  Quillayute  Harbor.  The  cost  of  the  work  is  estimated  it 
•20,000. 


*  Kot  reprinted.    Printed  in  Hoose  Doo.  No.  130,  Fifly-fifth  Congreea  second 


Si  APPENDIX  V  V — REPORT   OP   CAPTAIN   TAYLOR.            3091 

m  The  essential  features  concerning  the  plan  of  improvement  presented 

i^  are  referred  to  in  the  report. 

m  Very  respectfolly^  your  obedient  servant, 

s^  John  M.  Wilson, 

H  Brig.  Gen.,  Chief  of  Engineers^ 

sv  U.  S.  Army. 

2 :  Hon.  B.  A.  Alger, 

Secretary  of  War. 


report  of  OAPT.  harry  TAYLOR,  CORPS  OF  ENGINEERS. 

United  States  Engineer  Office, 

SeattUy  WasKj  November  5, 1897. 

General:  I  have  the  honor  to  submit  the  following  report  of  a 
survey  of  Quillayute  Harbor  and  Biver,  Washington,  mfMle  in  compli- 
ance with  the  river  and  harbor  act  of  June  3, 1896,  and  assigned  to 
my  charge  by  your  letter  of  September  5, 1896: 

Quillayute  Harbor  is  an  inaccessible  portion  of  the  State  of  Wash- 
ington, being  a  small  rock-bound  arm  of  the  Pacific  Ocean,  30  miles 
south  of  Cape  Flattery.  The  ordinary  means  of  reaching  Quillayute 
Harbor  is  by  boat  to  Olallam  Bay,  thence  over  a  rugged  mountain  trail 
to  a  small  town  on  the  QuiUayuto  Biver  about  2  miles  above  its  mouth, 
thence  down  the  river  by  canoe.  At  the  mouth  of  the  river  is  a  small 
Indian  town,  known  as  ^^Lapush."  In  calm  weather  passengers  can  be 
taken  from  this  town  by  the  Indians  in  a  canoe  outside  in  the  open 
ocean  to  a  i>oint  just  south  of  Gape  Flattery,  from  whence  is  a  trail 
which  leads  over  to  Neah  Bay  on  the  Straits  of  Fuca,  where  boats 
occasionally  call. 

Quillayute  Biver  proper  is  only  about  5  miles  in  length.  It  has  a 
number  of  tributaries,  but  all  of  them  are  shallow  and  navigable  only 
by  canoes.  They  are,  however,  suitable  for  logging  during  six  or  eight 
months  of  the  year.  The  principal  tributaries  of  the  Quillayute  Biver 
rise  in  the  Olympic  Mountains  and  flow  in  a  generally  southwesterly 
direction,  their  courses  being  parallel  for  the  greater  part  of  their 
length.  Two  of  these  tributaries  are  about  50  mOes  in  length,  each  is 
navigable  for  canoes  for  about  half  the  distance,  and  it  is  reported  that 
logs  can  be  driven  down  these  streams  from  near  their  head  waters. 

The  total  drainage  area  of  the  Quillayute  and  its  tributary  rivers  is 
about  650  square  miles.  The  greater  part  of  this  is  mountainous 
country  covered  with  a  lieavy  growth  of  fir  and  spruce  timber.  The 
valleys  and  river  bottoms  cover  probably  100  square  miles,  and  in  addi- 
tion there  are  several  plains  or  <^ prairies"  on  which  there  is  no  timber 
and  the  soil  of  which  is  extremely  fertile.  The  largest  of  these,  which 
is  locally  known  as  the  ^^  Quillayute  Prairie,"  is  4f  miles  in  length  and 
one-half  mile  wide  and  contains  about  1,500  acres.  The  second  in 
importance  is  Forks  Prairie,  and  contains  probably  1,000  acres.  The 
third  is  known  as  ^^Tyee  Prairie,"  and  contains  about  500  acres.  There 
are  several  other  such  prairies  of  smaller  area. 

The  country  is  at  present  sparcely  settled,  the  population  being 
probably  350.  A  large  part  of  the  land,  however,  has  been  taken  up 
in  homesteads  and  timber  claims,  but  many  of  the  settlers  have  left  the 
country  during  the  past  two  or  three  years  during  the  prevailing  hard 
times,  due  to  the  difficulty  of  making  a  living  in  a  region  so  inaccessible 
from  the  markets  of  the  world  and  the  bases  of  supply. 
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In  addition  to  the  white  population  there  are  abont  250  Indians  of  the 
Qnillaynte  tribe,  most  of  whom  live  in  the  village  called  Lapnsh,  on 
the  ocean  beach  near  the  month  of  the  river,  where  this  tribe  has  been 
settled  for  a  century  or  more.  These  Indians  subsist  almost  entirely 
by  fishing,  whaling,  and  sealing;  but  owing  to  the  great  diminution  in 
the  number  of  seals  the  last-named  industry  has  practically  ceased  to 
exist  during  the  last  few  years. 

The  greatest  drawback  to  the  Qnillaynte  country  is  the  inaccessibility 
of  the  region  and  the  difficulty  and  expense  of  getting  goods  in  and 
out.  At  the  present  time  everything  must  be  brought  into  the  country 
over  the  trail  from  Clallam  Bay,  on  the  Straits  of  Fuca,  or  by  way  of 
Lapush.  Most  of  the  merchandise  which  is  brought  into  the  country 
comes  by  the  way  of  Olallam  Bay.  Little  is  brodght  by  way  of  Lapnsh 
except  such  supplies  as  are  brought  in  by  the  Washington  Fur  Com- 
pany, which  maintains  a  post  at  that  i)oint.  This  company  owns  its 
own  schooner  and  brings  goods  directly  to  Lapush  several  times  a  year, 
the  schooner  lying  at  anchor  in  the  harbor  while  the  goods  are  brought 
ashore  by  Indians  in  canoes.  The  cost  of  bringing  goods  in  by  way  of 
Olallam  Bay  is  about  $20  per  ton  for  packing  from  Clallam  Bay  to  Qnil- 
layute  Biver,  in  addition  to  $5  per  ton  from  Seattle  to  Clallam  Bay. 
These  rates  keep  the  imports  down  to  the  lowest  limit  and  practically 
prohibit  any  exporting.  The  white  settlers  in  the  country  are  cMefly 
engaged  in  general  farming. 

If  there  were  any  easy  means  of  exxK>rting,  it  is  probable  that  a  sav- 
mill  would  be  established  at  the  mouth  of  the  QuiUayute  Biver.  Then 
is  an  abundance  of  good  timber  in  the  country,  and  a  good  site  for  a 
mill  could  be  found  at  or  near  the  mouth  of  the  river.  There  is  do 
doubt  that  ample  inducements  would  be  offered  by  the  settlers  to  any 
company  offering  to  build  a  sawmill  in  the  country,  as  its  establishment 
would  not  only  enable  them  to  dispose  of  their  timber,  but  would  pennit 
them  to  obtain  supplies  from  the  outside  world  at  considerably  lower 
freight  rates. 

A  map  of  the  QuiUayute  Harbor  and  Biver,  which  is  forwarded  here- 
with, shows  that  the  harbor  is  well  sheltered  on  the  northwest,  but  opeo 
to  the  southwest,  which  renders  the  harbor  useless  in  winter,  as  the 
prevailing  winds  are  from  that  direction.  Although  the  harbor  is 
hemmed  in  by  precipitous  cliffs  and  high  rocky  islands,  it  is  itself 
entirely  free  from  rocks.  Its  prevailing  depth  is  12  feet  at  low  tide, 
800  feet  from  the  low-water  line  of  the  beach,  and  the  bottom  slopes 
regularly  toward  the  ocean.  At  the  entrance  to  the  bay  there  is  a  gen- 
eral depth  of  6  to  7  fathoms.  The  mean  range  of  tide  is  about  8  feet 
The  mouth  of  the  river  was  formerly  at  the  north  end  of  this  bay,  bot 
about  twenty  years  ago  this  mouth  became  closed  up  and  the  riTer 
broke  through  a  narrow  sand  spit  into  the  ocean  three-fourths  of  anile 
farther  north,  forming  a  new  month,  which  varies  in  width  according 
to  the  seasons  of  the  year  and  according  to  the  water  flowing  throogh 
it.    At  the  time  of  the  survey  it  was  but  little  over  40  feet  wide. 

The  bay  into  which  the  river  now  flows  is  rocky,  exposed,  and  danger- 
ous, and  there  is  a  bar  just  off  the  mouth  of  the  river.  No  improvement 
of  this  present  mouth  seems  feasible. 

The  improvement  desired  by  the  inhabitants  of  the  Qnillaynte  conn- 
try  is  the  reopening  of  the  old  month  of  the  river.  The  lagoon  which 
formerly  formed  part  of  the  river  is  separated  from  the.ocean  by  a  nar- 
row sand  spit  350  feet  wide  at  high  water  and  having  a  maximum  eleva- 
tion of  about  12  feet  at  mean  lower  low  water.  This  lagoon  at  the  soatb 
end  \iaa  ^  de^Wi  oi  ^L^n^t  ^t  mean  lower  low  water,  as  referred  to  that 
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datum  in  the  ocean,  bat  the  actual  depth  is  about  8  feet,  as  the  surface 
of  the  water  in  the  lagoon  is  4  feet  higher  than  the  ocean  when  the  tide 
is  out,  on  account  of  the  north  end  of  the  lagoon  having  been  choked 
up  with  sand  to  a  height  of  4  feet  above  mean  lower  low  water.  To 
reopen  the  old  mouth  of  the  river  it  would  be  necessary  to  close  the 
present  mouth  by  a  dike,  to  protect  the  sand  spit  between  the  existing 
lagoon  and  the  ocean,  and  to  make  a  cut  across  the  sand  spit  to  the 
south  of  the  lagoon  iuto  the  Quillayute  Harbor. 
The  estimate  cost  of  this  improvement  is  as  follows: 

Dike  of  piles,  brush,  and  stone,  1,000  feet,  at  $5  per  foot $5,000 

Protection  sill  of  brush  and  stone,  4,400  feet,  at  $2  per  foot 8, 800 

Excavating  cut  across  sand  spit ^ 3,200 

Removing  snags  and  other  obstructions  by  blasting 1, 200 

Engineering,  superintendence,  and  contingencies,  10  per  cent 1, 820 

Total : 20,020 

or,  in  round  numbers,  $20,000. 

In  the  summer  the  river  is  low  and  does  not  carry  much  water.  In 
the  spring  and  fall,  however,  the  water  is  high  and  the  current  rapid. 
The  ttiU  freshets  are  due  to  heavy  rains  and  the  spring  freshets  to  the 
melting  of  snow  in  the  mountains.  The  river  reaches  its  greatest  height 
of  about  10  feet  above  the  low-water  stage  during  the  fall  freshets, 
usually  in  November.  It  is  probable  that  if  the  improvement  as  out- 
lined above  were  made  during  the  summer  the  fall  freshets  would  scour 
out  the  channel  through  the  lagoon  and  across  the  sand  spit  into  the 
Quillayute  Harbor,  as  the  material  at  the  north  end  of  the  lagoon 
would  be  readily  moved  by  the  current,  and  the  sand  spit  between  the 
south  end  of  the  lagoon  and  the  harbor  would  be  easily  scoured  away. 

The  reopening  of  the  old  river  mouth  is  the  most  practicable  and 
feasible  schemeof  improvement  of  this  river  and  would  probably  afford 
considerable  relief  to  the  settlers,  but  I  am  not  of  the  opinion  that  it 
would  accomplish  all  of  the  results  which  are  desired  or  anticipated 
by  them.  The  outlet  of  the  proposed  channel  is  into  the  Quillayute 
Harbor,  where  it  is  protected  from  the  northwest  winds,  but  is  com- 
pletely exposed  to  the  southwest  winds,  which  are  the  prevailing  winds 
during  the  winter  and  are  the  ones  blowing  during  the  most  violent 
storms.  Heavy  seas  would  break  directly  into  the  mouth  of  the  river 
and  would  close  all  but  a  space  barely  sufficient  to  allow  the  water 
flowing  in  the  river  at  the  time  to  flow  through.  Indications  are  that 
the  river  carries  considerable  sediment  and  drift  during  its  higher 
stages,  and  with  the  present  outlet  of  the  river  closed  there  would  be 
an  excellent  opportunity  for  the  deposition  of  sediment  and  the  collec- 
tion of  drift  in  the  river  above  the  dike.  It  is  probable  that  the  pro- 
posed improvement  would  afford  a  safe  outlet  to  any  logs  which  might 
be  cut  and  put  into  the  river,  and  if  a  sawmill  were  erected,  it  would 
afford  an  opi>ortunity  to  float  any  sawed  timber  out  on  lighters  to  ves- 
sels which  might  lie  at  anchor  in  the  outer  harbor.  It  is  not  probable, 
however,  that  a  channel  would  be  scoured  out  and  maintained  which 
would  permit  vessels  of  any  size  tx>  enter  the  river  under  any  but  the 
most  favorable  conditions  of  high  water  and  still  weather. 
Very  respectfully,  your  obedient  servant, 

Habby  Taylor, 
Captainj  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Welson, 

Chief  of  Engineers^  U.  8.  A. 
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V  V  15. 

SURVEY  OF  DESCHUTES  RIVER  AT  ITS  ENTRANCE  IN  OLYMPIA  HARBOB, 

WASHINGTON. 

[Printed  in  Honse  Doo.  No.  104,  Fifly-fiftli  CongreM,  aeooBd  seaalon.] 
OfFICB  OF  THE  OHIEF  OF  EnGINSERS, 

United  States  Army, 
Washingtofij  D.  C,  December  2^  1897, 

Sir:  The  river  and  harbor  act  of  Jane  3, 1896,  provides,  in  the  item 
of  appropriation  for  improving  Olympia  Harbor,  Washington,  that  a 
survey  be  made  of  the  Deschates  Biver  at  its  entrance  in  Olympia 
Harbor,  and  the  cost  of  its  improvement  to  be  estimated. 

The  dnty  of  making  the  survey  thus  called  for  was  assigned  to  the 
charge  of  Capt.  Harry  Taylor,  Corps  of  Engineers,  and  I  have  now 
the  honor  to  submit  his  report,  with  map,*  dated  July  27, 1897,  upon 
the  subject. 

The  harbor  of  Olympia  is  now  being  improved  by  the  General  Gov- 
ernment in  accordance  with  a  plan  which  provides  for  dredging  a  chan- 
nel 250  feet  wide  and  12  feet  deep  at  the  mean  of  the  lower  low  waters 
from  the  vicinity  of  the  Fourth  Street  Bridge  to  deep  water  in  Badd 
Inlet.  Provision  is  also  made  in  the  existing  project  for  a  tnrning  basin 
near  the  inner  end  of  the  channel. 

Two  methods  of  improvement  are  suggested  in  the  accompanylDg 
report,  one  by  dredging  a  channel  sufficient  to  accommodate  shallow 
draft  boats,  and  the  other  to  form  a  fresh- water  harbor  south  of  Fonrtli 
street.  The  former  method  is  estimated  to  cost  $264,000,  and,  Oaptain 
Taylor  reports,  would  facilitate  the  export  of  beer  and  possibly  in  the 
future  some  other  manufactures.  The  latter  plan  is  estimated  to  cost  in 
excess  of  (1,000,000,  and,  Captain  Taylor  states,  might  result  in  stimo 
lating  the  lumber  industry  of  Olympia.  The  essential  featares  of  botb 
plans  are  set  forth  in  the  report. 

In  the  opinion  of  Captain  Taylor  and  of  the  division  engineer,  CoL 
Charles  B.  Suter,  Corps  of  Engineers,  neither  form  of  improvement  i^ 
justified  by  the  interests  of  commerce,  nor  is  any  improvement  of  the 
Deschutes  Biver  or  Olympia  Harbor,  other  than  that  which  is  already 
nearly  completed,  justified  by  the  interests  of  commerce  involved. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  JSngineerSj 

U.  8.  Army, 
Hon.  B.  A.  Algeb, 

Secretary  of  War. 


bepobt  of  oapt.  habby  taylob,  cobps  of  engineebs. 

United  States  Engineeb  Office, 

Seattlej  WasKj  July  27j  1897. 

Genebax:  I  have  the  honor  to  submit  the  following  report  of  a  but- 
vey  of  the  Deschutes  Biver  at  its  entrance  in  Olympia  Harbor,  made  in 
compliance  with  the  requirements  of  the  river  and  harbor  act  of  Jane 
3, 1896. 

•  ISot  ropiViitci^.  YT\\i\ft^\iiL'^w»fc\i^^«'^^A<^^ Fifty-fifth  Congreas,  aeoond  w&da^ 
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The  item  in  accordance  with  which  this  sorvey  was  made  is  as  follows: 

ImproTiDg  Olympia  Harbor,  Washington:  Continuing  improvement,  $32,000;  and 
that  a  survey  be  made  of  the  Deechntes  River  at  its  entrance  in  Ol^pia  Harbor, 
and  the  cost  of  its  improvement  be  estimated. 

The  Deschutes  Biver  rises  in  the  foothills  of  the  Cascade  MoantainSy 
and,  flowing  in  a  generally  northwesterly  coarse,  empties  into  the  npper 
or  soath  eii^  of  Budd  Inlet  at  Tamwater,  where  it  meets  tide  water. 
Olympia  is  located  on  Budd  Inlet,  about  2  miles  north  of  Turn  water; 
and  the  part  of  Budd  Inlet  in  the  vicinity  of  the  city  is  known  as 
Olympia  Harbor. 

At  Tumwater,  just  before  it  meets  tide  water,  the  Deschutes  Biver 
plunges  over  three  falls,  having  an  aggregate  height  of  about  84  feet. 
The  river  above  these  falls  is  unnavigable.  The  water  power  of  these 
falls  is  partially  developed  at  present,  being  made  use  of  to  furnish  the 
necessary  power  for  an  electric-light  plant  and  for  the  operation  of  a 
street  railway  in  the  city  of  Olympia,  and  for  a  brewery,  ice  factory, 
flour  mill,  and  sawmill  located  at  the  falls.  The  products  of  all  the 
establishments  at  Tumwater  are  consumed  in  Olympia,  except  those  of 
the  brewery,  part  of  which  is  shipped  to  other  points  on  Puget  Sound. 

The  survey  was  limited  to  the  part  of  the  Deschutes  Biver  below  the 
falls,  as  it  was  understood  that  this  was  the  intent  of  the  law. 

The  improvement  to  be  made  and  its  cost  will  depend  largely  upon 
the  object  to  be  attained.  If  the  object  is  to  obtain  a  channel  to  the 
falls,  so  that  the  products  of  the  manufactories  located  there  can  be 
shipped  directly  by  water,  the  most  advantageous  and  economical 
improvement  would  be  to  dredge  a  channel  sufficient  to  accommodate 
the  ordinary  stern-wheel  boat  common  to  these  waters.  The  harbor 
lines  of  Olympia  Harbor  have  been  fixed  by  the  Secretary  of  War. 
What  is  called  the  Deschutes  Waterway  extends  nearly  to  the  foot  of 
the  falls.  To  dredge  this  waterway  to  a  depth  of  6  feet  at  extreme  low 
water  to  the  full  width  of  the  waterway,  from  a  connection  with  the 
present  dredged  channel  in  front  of  Olympia  to  Tumwater  would,  it  is 
estimated,  cost  $264,000. 

While  this  improvement  would  be  proper  for  the  purpose  of  obtain* 
ing  a  channel  to  Tumwater,  it  would,  in  my  opinion,  affect  the  harbor 
and  city  of  Olympia  disadvautageously.  The  Deschutes  Biver  in  times 
of  flood  carries  a  large  amount  of  sediment,  which  is  deposited  as  soon 
as  tide  water  is  met  Previous  to  last  year  there  had  been  considerable 
shoaling  in  the  channel  already  dredged  to  the  Olympia  docks,  due  to 
the  fact  that  the  river  partially  emptied  into  the  harbor  through  the 
Capitol  Waterway.  This  waterway  extended  from  the  sonthern  part 
of  the  turning  basin,  now  forming  part  of  the  improvement  of  the  har- 
bor, south  beyond  Fourth  street.  In  1896  the  harbor  lines  were  modi- 
fied, the  Capitol  Waterway  closed  at  Fourth  street  by  a  bulkhead,  and 
the  Deschutes  Biver  entirely  turned  over  into  the  Deschutes  Water- 
way. Bunning  down  this  waterway  is  a  shallow  channel,  which  the 
river  now  follows  and  deposits  its  sediment  on  the  side  of  the  harbor 
away  from  the  part  improved.  To  dredge  out  the  Deschutes  Waterway 
and  again  turn  the  river  into  the  improved  channel  would  be  to  again 
bring  about  the  conditions  which  favored  filling  the  channel  already 
improved.  In  other  words,  the  improvement  under  consideration  would 
extend  the  navigable  channel  of  the  Deschutes  Biver  above  Fourth 
street  in  Olympia  to  the  disadvantage  of  the  part  below  it. 

Fourth  Street  Bridge  originally  contained  a  draw,  which  was  located 
across  the  Capitol  Waterway.  For  some  years  past  one  of  the  city 
water  mains  was  laid  across  this  draw,  from  which  it  may  be  inferred 
that  there  was  not  much  use  for  the  draw.    At  present  there  is  no  dmaw 
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in  tbis  bridge.  The  Korthem  Pacific  Bailroad  also  crosses  the  harbor 
about  hsJf  a  mile  south  of  Fourth  street  on  a  trestle  without  any  draw 
in  it  Should  the  improvement  under  consideration  be  made  it  would 
necessitate  draw  spans  in  both  bridges. 

Another  form  of  improvement  which  I  have  been  informed  is  desired 
is  to  form  a  fresh  water  basin  south  of  Fourth  street.  It  is  desired 
that  the  bulkhead  under  the  Fourth  Street  Bridge  shall  be  used  as  a 
dam,  and  a  lock  be  put  in  the  Deschutes  Waterway,  so  as  to  maintain 
the  level  of  the  water  south  of  Fourth  street — a  level  above  high  tida 
Detailed  estimates  of  the  cost  of  an  improvement  of  this  character  ba?e 
not  been  made,  but  sufficient  data  have  been  obtained  to  indicate  that 
the  cost  would  be  in  excess  of  $1,000,000.  Fourth  street  originally 
crossed  the  harbor  on  a  pile  trestle. 

During  the  time  the  improvement  of  the  harbor  has  been  going  on 
the  excavated  material  has  been  largely  deposited  under  this  bridge, 
until  now  it  is  filled  solid  from  the  eastern  side  of  the  harbor  to  the 
Deschutes  Waterway  and  to  about  extreme  high  tide.  This  fiUing, 
which  consisted  of  sand  and  mud,  has  been  retained  in  place  by  plank 
and  brush  bulkheads,  provided  principally  by  the  city.  While  this 
bulkhead  stands,  so  long  as  the  water  pressure  is  practically  the  same 
on  the  two  sides,  it  is  not  adapted  to  serve  as  a  dam.  Borings  made  in 
the  vicinity  of  this  bulkhead  indicate  that  the  bottom,  to  a  depth  of  at 
least  15  or  20  feet,  is  of  soft  sand  and  mud.  The  extreme  variation  of 
the  tide  at  Olympia  is  about  21  feet.  The  construction  of  a  dam  to 
resist  the  pressure  to  which  it  would  be  subjected  would,  under  the  cir- 
cumstances, be  an  extremely,  difficult  piece  of  engineering.  I  was,  how- 
ever, informed  by  a  prominent  city  official  that  this  was  the  improve- 
ment desired,  and  that  it  was  hoped  that  if  it  were  made  a  sawmill 
could  be  induced  to  locate  on  the  fresh-water  basin  thus  formed,  as  it 
would  form  a  fine  storage  basin  for  logs. 

I  have  also  understood  that  it  is  desired  by  others  to  have  the  fill 
under  Fourth  street  raised  some  3  feet  or  more  to  the  street  grade  and 
protected  by  stones.  This  might  be  of  advantage  to  the  street  and 
save  the  city  the  expense  of  occasionally  replanking  the  street,  bat  I 
am  unable  to  see  that  it  would  have  any  effect  upon  the  harbor. 

During  the  progress  of  the  last  contract  for  dredging  the  ^ty  officials 
endeavored  to  have  the  dredger  deposit  some  of  the  dredged  material 
along  the  line  of  the  street  so  as  to  raise  the  fill,  but  as  the  cil^  officials 
and  contractors  were  unable  to  agree  ui)on  the  price  to  be  paid  it  was 
not  done. 

Inclosed  herewith  is  the  report  of  my  assistant, who  made  the  survey, 
and  a  tracing  of  the  harbor. 

Very  respectfully,  your  obedient  servant, 

Habrt  Tayi-ob, 
Captain,  Corps  of  Engineen. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers,  U.  S.  A, 

(Through  the  Division  Engineer.) 

[First  indonement.] 

U.  S.  Enginbeb  Officb,  Pacific  Division, 

San  FrancisoOj  CoL,  August  2^  1897, 

Respectfully  forwarded. 

I  concur  in  the  views  of  the  district  officer. 

Ohas.  B.  Sxttbb, 
OoVvM^l  of  Enqineersj  Division  Engineer. 


APPENDIX  V  V — REPORT  OF  CAPTAIN  TAYLOR.     3097 

RKPORT  OF  MR.  JOHN  ZUO. 

Seattle,  Wash.,  July  16, 18S7, 

Captain:  I  have  the  honor  to  submit  the  following];  report  of  an  examination  and 
Bnrvey  of  the  Deschutes  River  at  its  entrance  in  Olympia  Harbor,  made  under  your 
directions,  to^^ether  with  estimates  for  its  improvement: 

The  Deschutes  River  rises  in  the  foothills  of  the  Cascade  Mountains,  and,  flowing 
in  a  generally  northwesterly  course,  empties  into  the  upper  end  of  Budd  Inlet,  at 
Tumwater,  where  it  meets  tide  water.  Here,  within  a  short  distance  of  each  other, 
are  three  waterfalls,  having  an  aggregate  fall  of  84  feet.  The  water  power  of  these 
falls  is  partially  developed  at  present,  bei'n^  made  use  of  to  furnish  the  necessary 
power  t<>  operate  a  street  railway  and  electric-light  system  for  the  city  of  Olympia. 
The  maximum  capacity  of  the  middle  falls,  where  the  power  house  is  locateu,  is 
400  horsepower.  The  maximum  capacity  of  the  three  falls  when  fully  developed 
will  reach  4,000  horsepower.  The  chief  industries  located  here  are  a  brewery, 
ice  factory,  flour  mill,  and  sawmill.  The  products  of  all  these  establishments  are 
used  for  local  consumption,  except  the  first  named,  which,  in  addition  to  supplying 
the  city  of  Olympia,  ships  a  considerable  portion  of  its  output  to  various  points  on 
Puget  Sound. 

The  entrance  of  the  Deschutes  River  is  considered  to  be  that  portion  of  Budd 
Inlet  between  Fourth  street,  Olympia,  and  Tumwater,  which  is  about  2  miles  in 
length.  The  survey,  however,  covered  the  entire  harbor  of  Olympia.  The  survey 
was  made  by  taking  approximately  parallel  lines  of  soundings  across  the  harbor  and 
locating  the  ends  of  the  lines  by  means  uf  sextant  observations  to  establish  sig- 
nals on  shore.  Where  the  lines  were  very  long,  intermediate  observations  were 
taken  to  insure  accuracy  of  location.  These  lines  were  taken  generally  about  200  feet 
apart  and  the  soundings  aion^  each  line  at  intervals  of  about  50  feet.  The  same 
plane  of  reference  used  in  previous  surveys  of  Olympia  Harbor  was  adopted,  and  a 
new  tide  gauge,  with  its  zero  set  exactly  at  the  north  end  of  Percival's  Dock  at 
Olympia. 

I  transmit  herewith  a  map  showing  the  present  condition  of  the  Deschutes  River 
entrance  and  the  harbor  of  Olympia.  A  larger  map  has  also  been  prepared,  which 
shows  the  results  of  the  survey  in  greater  detail.  Sounding  are  expressed  in  feet, 
and  indicate  the  depth  at  extreme  low  water.  Plus  soundings  indicate  elevations 
above  the  established  datum.  It  should  be  observed  that  "extreme  low  water"  is 
about  2  feet  below  '-'mean  lower  low  water."  The  depths,  therefore,  if  referred  to 
the  latter  plane,  would  be  about  2  feet  greater. 

A  series  of  borings  was  made  at  the  north  end  of  the  Deschutes  River  entrance  to 
determine  the  character  of  the  bottom.  An  iron  pipe  three-quarters  of  an  inch  in 
diameter  and  about  25  feet  long,  having  a  sharp  steel  point,  was  used  in  making 
these  borings.  In  most  cases  no  difficulty  was  experienced  in  penetrating  from  15 
to  20  feet,  as  the  material  was  found  to  be  very  soft.  That  on  top  is  composed  of 
sand,  mud,  and  shells,  and  it  may  be  safely  assumed  that  the  material  is  of  similar 
character  for  a  depth  of  12  feet  below  mean  lower  low  water  throughout  the  Des- 
chutes River  entrance,  except  at  the  extreme  south  end,  where  there  is  some  rock. 

Under  the  approved  project  for  the  improvement  of  Olympia  Harbor  a  channel 
250  feet  in  width  and  12  feet  deep  at  mean  lower  low  water  is  provided  for,  with  a 
basin  1,600  feet  long  and  250  to  500  feet  wide  at  the  inner  or  south  end.  Work  has 
been  done  on  this  project  since  1893,  and  the  channel  and  basin  have  been  excavated 
to  the  necessary  width,  but  the  full  depth  has  not  yet  been  made  except  in  the 
basin.  About  125,000  yards  of  material  remain  to  be  removed  from  the  channel  to 
complete  this  project. 

The  project  proposed  for  the  improvement  of  the  Deschutes  River  entrance  con- 
eista  of  dredging  a  channel  300  feet  in  width  and  6  feet  deep  at  mean  lower  low  water, 
the  location  to  conform  te  the  established  lines  of  the  Descnutes  Waterway,  as  shown 
on  map.  This  channel  will  connect  with  the  basin  already  excavated  in  Olympia 
Harbor  under  the  approved  project  of  Septembei  19, 1891,  and  will  extend  to  the 
head  of  Budd  Inlet,  at  Tumwater.  This  projeci  will  require  the  excavation  of  about 
1,500,000  cubic  yards  of  material,  which,  at  an  estimated  price  of  16  cents  per  yard, 
will  cost  $240,000.  This  9stimate  is  based  on  the  assumption  that  the  work  would  be 
done  by  hydraulic  dredges,  and  no  estimate  for  bulkheading  is  included. 

The  plan  which  has  been  suggested,  of  constructing  a  ffesh-water  basin  in  this 
locality  and  providing  locks  and  other  necessary  works,  would  be  very  costly.  No 
detailed  estimate  of  the  cost  has  been  made. 

Very  respectfully,  your  obedient  servant,  John  Zuo. 

Capt.  Harry  Taylor, 

Corps  of  Engineert,  U,  S,  A» 


1 


n 


r  ■ 


1!1 

1  ! 


1 1 


I      I 


'     t 


'i! 


rli 


r    ■  [    ' 


<    1 


I  ! 


(      • 


t  • 


I        J 


{    ! 


J. 


3098      BEPORT  OP   THE  CHIEF   OP   ENGINEERS,  U.  8.  ARMY. 

V  V  x6. 

SURVEY  OP  MOUTH  OF  PUYALLUP  RIVER,  WASHINGTON. 
[Pzinted  in  Hoom  Doo.  Ko.  845,  Fiftj-fiftli  CongrasB,  second  Bossion.] 

Office  of  the  Ghief  of  Enginesbs, 

United  States  Arky, 
Washington^  D.  0.,  March  9, 1898. 

Sir:  I  have  the  honor  to  sabmit  the  accompanying  report  of  Feb- 
ruary 16, 1898,  with  map,*  by  Oapt.  Harry  Taylor,  Corps  of  Engineers, 
of  the  resalts  of  a  survey  of  mouth  of  the  Puyallup  River,  Washing- 
ton, made  to  comply  with  the  requirements  of  the  river  and  harbor  act 
of  June  3, 1896. 

One  improvement  desired  appears  to  have  for  its  object  the  control 
of  the  flood  waters  to  prevent  overflow  of  adjacent  land,  and  another 
the  dredging  of  two  waterways  deep  enough  to  accommodate  ocean- 
going vessels,  one  to  be  called  the  Puyallup  Waterway,  the  other  the 
City  or  West  Waterway,  at  Tacoma,  Wash. 

Captain  Taylor  presents  a  project  for  deepening  the  Payallup  Water- 
way to  25  feet  at  low  water  throughout  its  entire  length  and  width  by 
the  removal  of  3,241,400  cubic  yards  of  material,  at  a  cost,  including 
bulkheading,  engineering,  etc.,  estimated  in  round  numbers  to  be 
$570,000.  In  his  opinion  the  land-reclamation  project  should  not  be 
undertaken  by  the  Government  as  part  of  river  and  harbor  improve- 
ments, and  no  estimate  is  presented  for  the  City  Waterway  for  the  reason 
that  it  is  not  part  of  the  mouth  of  the  Puyallup  Biver  at  the  present 
time. 

In  his  letter  transmitting  this  report  Captain  Taylor  states  that  in 
his  opinion  the  proposed  improvement  is  not  a  worthy  one  and  is  not 
justified  by  the  interests  of  commerce  involved.  His  views  are  con- 
curred in  by  the  division  engineer,  Col.  Charles  B.  Suter,  Corps  of 
Engineers. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 
Acting  Chief  of  Engineers. 

Hon.  E.  A.  Alger, 

Secretary  of  War. 


report  of  oapt.  harry  taylor,  corps  of  enolneera 

United  States  Engineer  Office, 

Seattle^  Wash.^  February  16^  1898. 

General:  I  have  the  honor  to  submit  the  following  report  of  » 
survey  of  the  *'  mouth  of  the  Puyallup  Eiver,  Washington,''  made  in 
compliance  with  the  requirements  of  the  river  and  harbor  act  of  Jane 
3, 1896,  and  assigned  to  my  charge  by  your  letter  of  September  5, 1896. 

The  Puyallup  Kiver  is  a  stream  about  50  miles  in  length,  having  its 
source  on  the  west  slope  of  Mount  Eainier,  and  emptying  into  Paget 
Sound  near  the  city  of  Tacoma. 

The  Puyallup  and  its  several  forks  drain  an  area  estimated  at 
450  square  miles.  About  10  miles  from  its  mouth  it  is  joined  by  tbe 
Stuck  Eiver,  which  is  one  of  the  outlets  of  the  White  Biver,  the  main 

*  Not  TepxmtAd.  Printed  in  House  Doc.  No.  345,  Fifty-fifth  Congreas,  aeoond  seaioii' 
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part  of  which  drains  into  the  Dawamish.  At  low  water  the  Stnck 
Siyer  is  a  small  stream,  bat  at  high  water  it  is  said  that  it  takes  about 
one-third  of  the  water  of  the  White  Eiver  from  the  Dawamish  into  the 
Pnys^ap.  The  White  Biver  drains  aboat  the  same  area  as  the  Payallap, 
and  as  one-third  of  the  flood  water  of  the  White  Biver  finds  its  way 
into  the  Payallap  throagh  the  Stack  Biver  it  makes  the  aggregate  area 
drained  by  the  Payallap  and  all  of  its  tribataries  eqaivalent  to  aboat 
600  sqaare  miles. 

At  its  soarce  the  Payallap  consists  of  several  forks  and  creeks.  For 
the  last  14  miles  of  its  length  its  waters  are  confined  to  one  channel, 
the  average  width  of  which  is  aboat  150  feet.  To  within  aboat  7  miles 
of  its  moath  the  Payallap  Biver  is  simply  a  moantain  torrent,  carrying 
at  low  water  a  comparatively  small  volnme  of  water.  Its  fall  is  rapid, 
its  carrent  swift,  and  its  channel  too  shallow  for  navigation.  For  the 
last  7  miles  of  its  length  its  fall  is  aboat  3  feet  to  the  mile,  its  carrent 
is  swift,  its  shoals  changeable,  and  its  bends  tortaoas,  all  of  which  tend 
to  make  navigation  for  any  kind  of  craft  slow,  tedions,  and  hazardoas. 
For  the  last  4  miles  of  its  length  the  river  is  affected  by  the  tide.  Below 
its  janction  with  the  Stack  Biver  it  winds  through  an  alluvial  bottom 
land,  timbered  in  places  with  vine  maple,  cottonwood,  and  alder.  Its 
concave  banks  are  perpendicalar  and  show  marked  signs  of  erosion. 
As  the  banks  wear  away,  the  trees  growing  upon  them  fall  into  the 
river  and  form  obstructions  which  interfere  with  the  free  flow  of  the 
water  until  such  time  as  they  are  driven  to  the  sound  or  become 
embedded  in  the  bottom  of  the  river. 

Daring  freshets  the  water  carries  in  suspension  a  large  amount  of 
sediment,  which  is  dropped  when  the  tide  water  is  met.  Around  the 
mouth  of  the  river  are  extensive  tide  flats  and  marsh  lands  which  have 
been  built  up  by  the  sediment  brought  down  by  the  river  and  deposited 
in  the  quiet  water  at  its  mouth.  Immediately  outside  the  tide  flats  the 
water  increases  very  rapidly  in  depth. 

Originally  the  river  found  its  way  into  Puget  Sound  throagh  two  or 
more  main  outlets  or  mouths.  Several  years  ago  the  Tacoma  Land 
Company  constructed  a  dam  at  the  point  where  the  river  divided  and 
thereby  turned  the  entire  water  of  the  river  throagh  the  east  channel, 
the  present  mouth  of  the  river.  Since  the  dam  was  first  built  it  has 
been  reenforced  by  a  bulkhead  or  fill  of  slabs  and  other  waste  lumber,, 
antil  it  is  now  somewhat  over  600  feet  in  width.  It  was  built  to  pre- 
vent.the  sediment  of  the  river  filling  up  the  channel  then  being  dredged 
by  private  enterprise  alon^  the  Tacoma  water  front. 

In  1891  complaint  was  made  in  regard  to  this  dam.  An  official  inves- 
tigation was  made  by  Capt.  Thomas  W.  Symons,  Corps  of  Engineers. 
He  reported  that  its  construction  was  beneficial  to  the  interests  of  nav- 
igation, and  recommended  that  its  location  and  construction  be  officially 
approved. 

As  I  was  uncertain  what  improvement  was  contemplated  as  the  result 
of  this  sarvey,  I  instructed  my  assistant  during  the  survey  to  ascertain 
as  fally  as  possible  the  views  of  those  who  would  probably  be  inter- 
ested in  the  improvement  as  to  what  improvement  was  desired.  Pre- 
vions  to  that  time  I  had  also  made  a  number  of  inquiries,  and  the 
results  of  those  investigations  are  as  follows: 

It  is  generally  admitted  that  the  Puyallup  Biver  is  a  useless  stream 
as  far  as  commerce  is  concerned,  as  there  is  no  commerce  upon  it  at  the 
present  time,  no  prospect  of  any,  and  no  reason  why  there  should  be 
any.  At  flood  time,  however,  it  is  reported  to  be  a  very  troublesome 
stream,  overflowing  the  lands  along  its  banks,  and  the  most  general 
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desire  seems  to  be  sncli  improveinent  as  will  relieve  these  lands  fion 
overflow.  The  lower  part  of  the  river  flows  through  the  Payallap  hidka 
lieservation.  In  fact,  the  entire  coarse  of  the  Payallap  Eiver,  exoei^ 
such  parts  of  it  as  may  be  termed  a  '^  moantain  torrent,"  are  within  tk 
limits  of  this  reservation. 

The  Indian  commissioner^  Mr.  G.  A.  Snowden,  desires  sach  impTOT» 
meat  to  be  made  as  will  prevent  inundation  of  the  reservation  laods. 
He  states  that  he  desires  any  improvement  which  will  prevent  sath 
overflow,  and  suggested  that  the  outlet  of  the  river  be  deepened  <^ 
that  its  course  be  changed  to  a  direct  one  at  some  point  above  its 
mouth. 

Mr.  Frank  G.  Eoss,  who  is  interested  in  property  at  the  month  of  tbe 
river,  states  that  since  the  closing  of  the  west  channel  his  interests 
have  sufl'ered  considerably,  by  drift  and  flood  water,  and  he  desdres 
that  the  course  of  the  river  be  changed  at  a  point  near  the  city  of 
Puyallup,  to  follow  a  sink  at  the  foot  of  the  bluflf  which  flajiks  flie 
Puyallup  Valley  on  its  northeasterly  side.  This  sink  joins  Hyleboe 
Creek  where  that  stream  joins  the  bottom  land  and  becomes  a  tid^ 
slough.  He  states  that  the  soil  along  this  sink  is  a  deep,  rich,  allnviftl 
deposit,  and  thinks  that  if  a  comparatively  small  ditch  is  excavated 
a  distance  of  about  4  miles  that  a  start  would  be  made  carrying  the 
flood  waters  of  the  Payallap  Biver  off,  and  in  the  conrse  of  two  or 
three  years  the  floods  in  the  Puyallup  Biver  would  cat  such  a  channd 
as  to  take  the  entire  river  into  Paget  Sound  by  this  course.  He  cli- 
mates that  this  improvement  can  be  made  for  $20,000  outside  of  the 
necessary  right  of  way  and  release  from  damages. 

As  a  land-reclamation  scheme  this  seems  a  very  good  project,  in  £ael 
much  the  best  suggested;  but  I  do  not  see  that  it  can  be  considered  as 
the  duty  of  the  Government  to  undertake  such  a  scheme  as  part  of  the 
river  and  harbor  improvements. 

The  St.  Paul  and  Tacoma  Lumber  Company,  which  has  its  mill  and 
wharf  near  the  mouth  of  the  river,  is  one  of  the  large  lumber  exporters 
on  Paget  Sound.  One  of  the  members  of  this  firm  was  consulted  and 
expressed  himself  as  desirous  of  having  the  flood  waters  of  the  Paj* 
allup  controlled  in  some  way.  He  described  the  stream  as  a  regular 
cataract  where  it  joined  tide  water.  He  desires  to  have  the  conrse  of 
the  river  changed  to  a  more  direct  one  at  some  favorable  point  near  its 
mouth  or  have  the  river  widened  at  a  point  near  the  head  of  old  west 
channel  to  conform  with  the  proposed  State  harbor  line. 

Mr.  I.  W.  Anderson,  manager  Tacoma  Land  Ck>mpany,  desires  the 
dredging  of  two  waterways  deep  enough  to  accommodate  ocean-going 
vessels,  one  of  these  to  be  called  the  Puyallup  waterway,  the  other  the 
city  or  west  waterway. 

As  the  city  waterway  is  not  part  of  the  mouth  of  the  Puyallup  Biver 
at  the  present  time,  no  estimate  is  given  for  its  improvement.  It  » 
estimated,  however,  that  the  Puyallup  waterway  could  be  deepened 
throughout  its  entire  length  and  width  to  25  feet  at  low  water  by  tbe 
removal  of  3,241,400  cubic  yards  of  material.  The  cost  of  this  is  esti- 
mated to  be: 

3,241,400  cubic  yards,  at  16  cents - $518,624.00 

Bnlkheading,  engineering,  etc.,  10  per  cent -II.-IlIll'      51^ 862.^ 

Total 570,486.40 

Or  in  round  numbers^  $570,000. 
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As  nearly  as  I  can  judge  from  the  wording  of  the  item  in  accordance 
with  which  this  survey  was  made,  this  seems  to  be  the  nearest  to  the 
intent  of  the  law  of  any  of  the  improvements  suggested  or  desired. 

It  therefore  appears  that,  aside  from  the  dredging  of  the  Puyallup 
waterway,  the  only  improvement  of  the  Puyallup  River  desired  is  simply 
and  solely  for  the  prevention  of  overflows  on  the  lands  of  the  Puyallup 
Indian  Reservation,  and  that  the  interests  of  commerce  are  not  affected 
in  the  slightest  degree  by  any  improvement  of  the  river  proper.  The 
improvement  of  the  Puyallup  waterway  would  directly  benefit  only  its 
immediate  surroundings.  Indirectly  it  would  benefit  the  city  of  Tacoma 
to  a  certain  degree.  On  account  of  the  sudden  increase  of  depth  along 
the  Tacoma  water  frt)nt  the  available  room  for  building  wharves  is  very 
limited. *  Outside  the  low-water  line  the  depth  increases  rapidly  up  to  200 
feet  or  more,  so  that  it  is  difficult  for  ships  to  even  find  anchorage  ground. 
The  wharves  of  Tacoma  are  strung  along  a  narrow  strip  of  laud  at  the 
foot  of  steep  bluffs  on  the  west  side  of  the  harbor.  This  land  is  prin- 
cipally tide  land  which  has  been  filled  above  high  tide  with  material 
obtained  by  dredging  along  thefront  of  the  wharves  or  by  hydraulicking 
down  the  steep  blufi^'s  back  of  it. 

The  deepening  of  the  Puyallup  waterway  would  give  additional  room 
for  building  wharves ;  but  in  my  opinion  this  is  not  the  proper  wi^erway 
to  deepen  for  the  greatest  benefit  to  the  commerce  of  Tacoma.  It  will 
be  noticed  that  two  waterways  are  shown  upon  the  map  herewith,  upon 
which  the  outer  harbor  line  of  the  harbor  of  Tacoma  is  shown.  The 
line  shown  full  is  that  recommended  by  Oapt.  W.  L.  Fisk,  Corps  of 
Engineers,  under  date  of  March  7,  1896,  for  adoption  by  the  War 
Department,  in  compliance  with  an  indorsement  by  the  Chief  of  Engi- 
neers, dated  January  15, 1896.  The  records  of  this  office  do  not  show 
what  action,  if  any,  has  been  taken  on  this  matter.  The  line  shown 
broken  extending  the  city  or  west  waterway  farther  south  than  shown 
by  the  frill  line  is  the  line  established  by  the  State  land  commission. 

The  estimate  given  for  deepening  the  Puyallup  waterway  is  for  deep- 
ening it  its  full  width  to  a  depth  of  25  feet  at  low  water,  for  the  reason 
that  if  any  improvement  is  undertaken  it  should  be  with  this  end  in 
view.  Practically  no  advantage  would  be  derived  from  an  improve- 
ment which  stopped  with  less  water,  as  less  depth  would  not  accommo- 
date ocean-going  craft,  and  there  is  no  reason  for  its  improvement  for 
the  benefit  of  any  other  class  of  vessels. 

The  sediment  of  the  river  will  be  deposited  in  any  channel  which  may 
be  dredged  in  this  waterway,  and  a  considerable  sum  must  be  spent 
annually  for  its  maintenance.  The  deposition  of  the  sediment  would  in 
itself  be  ample  reason  why  a  shallow  channel  should  not  be  dredged, 
as  it  would  be  practically  filled  up  after  two  or  three  floods. 

As  bearing  on  this  subject,  the  following  extracts  from  letters  received 
by  Capt.  T.  W.  Symonsj  Corps  of  Engineers,  in  1891,  in  regard  to  the 
closing  of  the  west  channel,  are  quot^: 

[Sztraot  from  letter  from  Mr.  Wm.  F.  Proeser,  ohairman  harbor  line  oommistlon.] 

We  fonnd  that,  certain  works  and  dredging  operations  for  the  improvement  of 
Tacoma  Harbor  having  been  undertaken  by  the  Tacoma  Land  Company,  it  was 
found  that  owing  to  the  large  amount  of  silt  brought  down  by  a  branch  of  the 
Puyallup  River,  which  flowed  into  the  channel  being  dredged,  that  the  same  was 
being  rapidly  filled  up  and  the  dredging  operations  rendered  practically  nugatory. 
To  prevent  this  damage,  said  channel  was  closed  by  a  pile  and  earth  dam  at  the 
bifurcation  of  the  river,  and  the  waters  of  the  river  compelled  to  flow  through 
another  channel  and  empty  into  Commencement  Bay  at  a  point  where  it  is  claimed 
the  deposition  of  sUt  prodaoes  no  serious  oomplioations. 
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ThU  oommiftBion  has  approved  the  dredging  operationa  mentioned  and  approved 
the  general  propoBition  to  ezclade  the  Payallap  River  from  said  dredged  channel. 

[Srtnoi  flram  totter  fimn  Hr.  Isaao  W.  Andenon,  feneral  maiiAger  Taoonui  Land  CompMiy.] 

That  before  the  commencement  by  this  company  of  its  improvementa  at  the  head 
of  said  bay  the  Payallap  River  had  its  coarse  through  three  channels,  one  of  said 
channels  being  south  of  lot  2  of  said  section  3,  the  second  of  said  channels  being  east 
of  lot  2  and  between  lots  1  and  2  of  said  section  3,  which  last-mentioned  d^nnel 
was  again  divided  and  took  its  oourse  south  of  lot  5  of  said  section  3. 

That  the  original  channel  of  said  river  was  that  flowing  east  of  lot  2  and  between 
lots  1  and  2  of  said  section  3. 

That  the  channel  of  said  river  flowing  soath  of  said  lot  2  was  shallow,  and  from 
the  easterly  end  of  lot  2  to  the  westerly  end  of  lot  8  of  section  4  was  filled  with 
snags,  stamps,  and  sand,  and  was  not  navigable  for  any  purpose,  exoept  possiblj 
that  of  a  canoe,  and  the  sand  and  mud  was  washed  down  the  said  channel  and 
deposited  between  the  mainland — that  is,  the  land  of  the  Judson  donation  land 
claim  and  lot  8  of  section  4 — ^and  from  there  out  toward  deep  water.  This  sediment 
has  been  deposited  so  rapidly  that  the  bay  has  been  noticeably  filled  in  within  the 
past  few  years. 

That  at  times  of  low  tide  it  was  im]^ ossible  for  vessels  of  any  draft  to  reach  higher 
than  a  few  hundred  feet  above  the  point  marked  on  said  map  ''  R.  R.  Wharf.'' 

That  north  of  section  4  and  in  front  of  section  33  the  mnd  flats  lying  in  said  hsy 
were  bare  at  low  tide  and  there  was  not  sufficient  depth  of  water  north  of  section  4 
to  float  a  small  canoe.  That  the  water  bordering  on  section  32  was  extremely  deep, 
as  showp  by  the  said  map. 

That  when  the  Northern  Pacific  Railroad  Company  located  its  terminus  here  tiie 
land  company  conceived  the  idea  of  improving  that  part  of  the  water  front  1  ving  in 
front  of  section  33  and  section  4  by  dredging  a  channel  from  deep  water  for  the  par- 
pose  of  enabling  vessels  to  get  as  far  south  as  nossible,  and  to  construct  between 
the  channels  and  the  mainland  suitable  docks  and  wharves.  That  in  order  to  accom- 
plish this  purpose,  and  with  the  consent,  agreement,  and  approval  of  the  St.  Psol 
and  Tacoma  Lumber  Company,  the  owner  of  lot  2  in  section  3,  and  the  Commence- 
ment Bay  Land  and  Improvement  Company,  the  owner  of  lot  1  in  said  section,  it 
caused  to  be  constructed  two  dams,  one  to  extend  from  the  southerly  end  of  said 
lot  to  the  northerly  border  of  lot  3,  thereby  closing  the  south  channel  of  said  river; 
another  to  be  constructed  from  the  southerly  end  of  lot  5  to  the  northerly  border  of 
lot  2  in  said  section,  thereby  closing  the  middle  channel  of  said  river  and  causing 
all  of  the  water  of  said  river  to  flow  through  what  is  known  as  the  easterly  or  orig- 
inal channel  of  said  river. 

The  construction  of  these  dams  was  for  the  purpose  of  improving  all  of  the  land 
lying  at  the  mouth  of  the  said  river  by  causing  tne  water  thereof  to  flow  throng 
its  original  channel,  and  also  for  the  purpose  of  stopping  the  debris  and  sediment 
from  being  carried  through  the  southerly  channel  and  deposited  between  the  center 
of  section  4  and  the  mamland  or  between  the  center  of  section  4  and  deep  water. 
Tliat  because  of  the  washing  and  depositing  of  debris  and  sediment  it  would  have 
been  impossible,  without  the  closing  of  the  south  branch  of  said  river,  to  have  made 
a  channel  to  extend  ftom  deep  water  in  front  of  section  33  and  section  4  bordering 
upon  the  mainland. 

Very  respectfally,  your  obedient  servant, 

Harrt  Taylor, 
Captain^  Corps  o/JBngineen. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers  J  U.  8.  A. 

(Through  the  Division  Engineer.) 

[First  indorsement.) 

U.  S.  Engineeb  Office,  Paoifio  Division, 
San  Francisco^  CaLj  February  26y  1S98. 

Eespectftilly  forwarded  to  the  Chief  of  Engineers,  United  States 
Army. 
I  concur  in  the  views  of  the  district  officer. 

Ohas.  B.  Suteb, 
OoUmel  of  Engineers^  Division  Engineer. 
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VV  17. 

SURVEY  OP  DUWAMISH  RIVER  AND  ITS  TRIBUTARIES,  WASfflNGTON. 
[Printed  in  House  Doo.  No.  895,  Fifty-fifth  Congress,  second  sesion.] 

Office  op  the  Chief  of  Engineers, 

XJnitbd  States  Army, 
Washingtouj  D.  0.,  March  29^  1898. 

SiR>  I  have  the  honor  to  submit  the  accompanying  copy  of  report 
dated  March  5, 1898,  with  map,*  by  Oapt.  Harry  Taylor,  Oorps  of  Engi- 
neersy  giving  the  resalts  of  a  survey  of  Duwamish  Eiver  and  it§  tribn^- 
ries,  Washington,  made  to  comply  with  the  provisions  of  the  river  and 
harbor  act  of  June  3, 1896. 

The  improvement  of  the  Duwamish  Biver  is  carried  on  from  time  to 
time  under  an  appropriation  provided  by  Congress  for  improving  Puget 
Sound  and  its  tributary  waters,  the  operations  consisting  of  the  removal 
of  snags,  logs,  trees,  and  other  obstructions  to  navigation.  The  stream 
is  formed  by  the  junction  of  the  Black  and  White  rivers,  and  there  is 
at  present  no  navigation  on  any  of  the  rivers  of  the  Duwamish  system. 

Captain  Taylor  states  that  any  demand  that  there  may  be  for  the 
improvement  of  this  river  does  not  originate  in  a  desire  to  increase  its 
navigable  capacity,  nor  to  improve  its  navigability,  but  in  a  desire  to 
have  the  bottom  lands  along  its  course  protected  from  overflow ;  but 
the  conditions  surrounding  the  Duwamish  Biver  make  the  problem  of 
protecting  these  bottom  lands  from  overflow  an  exceedingly  difficult 
one  to  solve  at  an  expense  that  would  not  be  far  greater  th&n  would 
be  warranted  by  the  present  value  of  the  lands  concerned,  and,  in  the 
opinion  of  Captain  Taylor,  the  only  possible  way  of  affording  such  pro- 
tection is  by  a  complete  and  thorough  system  of  '^ikes,  but,  for  the 
reasons  stated  in  the  report,  it  does  not  appear  that  such  work  should 
be  undertaken  by  the  General  Government. 

In  forwarding  the  report  to  this  office  the  local  officer  expressed  the 
opinion  that  the  interests  of  the  commerce  involved  do  not  justify  any 
improvement  of  the  Duwamish  Biver  at  the  present  time  other  than  a 
small  amount  of  snagging,  which  can  be  done,  whenever  navigation  so 
requires  it,  with  the  funds  appropriated  for  improving  Puget  Sound 
and  its  tributary  waters,  and  these  views  were  concurred  in  by  the 
division  engineer,  Col.  Charles  B.  Suter,  Corps  of  Engineers. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig,  Oen.y  Chief  of  UngineerSy 

U.  8.  Army. 
Hon.  B.  A.  Alger, 

Secretary  of  War. 


report  of  oapt.  HARRT  TAYLOR,  OORPS  OF  ENGINEERS. 

United  States  Engineer  Office, 

SeattlCj  Wash.j  March  5, 1898. 

General:  I  have  the  honor  to  submit  the  following  report  of  a  sur- 
vey of  the  ^^Duwamish  Bive^r  and  its  tributaries,  Washington,"  made 
in  compliance  with  the  river  and  harbor  act  of  June  3,  1896,  and 
assigned  to  my  charge  by  your  letter  of  September  5, 1896. 

*  Not  reprinted.    PriDted  in  House  Doc.  No.  395^  Fifty-fifth  Congress,  second  session. 
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The  Duwamish  Biver  is  a  stream  16  miles  long,  formed  by  the  jimo- 
tion  of  the  Black  and  White  rivers,  emptying  into  Dawamish,  or  Elliott, 
Bay,  one  of  the  indentations  on  the  eastern  shore  of  Pnget  Sound.  The 
city  of  Seattle  is  located  on  the  eastern  shore  of  the  bay,  aboat  2  miles 
from  the  mouth  of  the  river. 

In  former  years,  before  the  advent  of  the  railroads  which  now  trav- 
erse the  valleys  of  the  Duwamish  and  its  tributaries,  the  Duwamisli 
and  its  principal  tributary,  the  White  Biver,  were  regularly  navigated, 
and  sms^l  boats  have  occasionally  been  taken  over  the  Black  Bjver  to 
and  from  Lake  Washington.  As  it  was  presumed  that  this  survey  was 
directed  iu  the  interests  of  navigation,  it  was  limited  to  those  tributa- 
ries of  the  Duwamish  which  had  once  been  navigated  and  which  could 
again  be  navigated  should  occasion  demand  it.  A  full  description  of 
all  the  principal  tributaries  of  the  Duwamish  is  given  in  the  report  of 
my  assistant,  Afr.  B.  H.  Ober,  who  was  in  charge  of  the  survey.  His 
report,  which  is  herewith,  also  contains  many  interesting  details  in 
regard  to  the  river  and  its  immediate  surroundings. 

The  tributaries  of  the  Duwamish  have  their  sources  in  the  Cascade 
Mountains,  and  in  their  upper  parts  are  all  mountain  torrents,  flowing 
over  rough,  rocky  bottoms  with  great  velocity.  They  are  all  subject  to 
regular  annual  freshets  in  the  spring  and  summer,  due  to  the  melting 
of  the  snow  around  their  sources,  and  to  irregular  freshets  during  the 
remainder  of  the  year,  due  to  rains  and  ^'  Chinook  "  winds.  Sudden  and 
very  marked  rises  of  the  Duwamish  Biver  are  thus  of  common  occurrence. 

The  lower  part  of  the  White  Biver,  the  Black  Biver,  and  the  Duwam- 
ish Biver  flow  through  an  alluvial  bottom  laud  but  slightly  raised  above 
the  river  bed,  and  thus  subject  to  overflow  whenever  there  is  a  flood  in 
the  river.  The  rivers  in  this  part  of  their  courses  have  a  very  gentle 
slope,  comparativcjiy  narrow  width,  and  are  excessively  tortuous. 

At  the  mouth  the  Duwamish  spreads  out  over  extensive  tide  flats 
which  have  been  built  up  by  the  sediment  brought  down  by  the  river 
and  deposited  in  the  slack  water  at  its  mouth,  and  which  now  rise  to  5 
feet  or  more  above  the  low-water  level  of  Elliott  Bay.  No  marked 
channel  exists  across  these  flats,  but  the  river  flnds  its  way  to  deep 
water  through  shallow  and  changeable  depressions  only  slightly  below 
the  general  level. 

There  is  no  navigation  on  any  of  the  rivers  of  the  Duwamish  system 
at  the  present  time,  as  it  is  impossible  for  a  boat  to  make  expenses  od 
account  of  the  better  transportation  facilities  afforded  by  the  railroads 
and  the  consequent  lack  of  business  for  a  boat.  About  two  years  ago 
a  small  boat  made  a  few  trips  up  the  Duwamish  Biver,  but  gave  up  the 
attempt  to  secure  business  after  about  a  week's  effort.  Since  that  time 
there  has  been  no  attempt  at  navigation. 

As  far  as  the  condition  of  the  river  is  concerned,  it  may  be  said  to  be 
fully  as  good  for  navigation  as  it  was  in  former  years  when  it  was  reg- 
ularly navigated.  There  are  a  few  snags  in  the  river,  but  these  coold 
be  taken  out  in  a  week's  time  by  the  snag  boat  which  is  provided  for 
that  purpose,  and  they  would  be  if  there  were  any  navigation  to  demand 
it.  Aside  from  this  slight  amount  of  work  there  does  not  appear  to  be 
anything  to  do  in  the  interests  of  navigation. 

Any  demand  that  there  may  be  for  the  improvement  of  this  river 
does  not  originate  in  a  desire  to  increase  its  navigable  capacity  nor  to 
improve  its  navigability,  but  in  a  desire  to  have  the  bottom  lands  along 
its  course  protected  from  overflow. 

The  conditions  which  surround  this  river  make  the  problem  of  pro- 
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^^  tectiiig  the  bottom  laTul  from  overflow  an  exceedingly  difficult  one  to 
vl  Bolve  at  an  expense  which  will  not  be  far  greater  than  the  present 
■;>     value  of  the  lands  concerned  would  warrant. 

,         It  seems  to  be  the  general  impression  that  a  channel  dredged  through 

the  tide  flats  at  the  mouth  of  the  river  would  afford  a  freer  outlet  tor 

*r     the  flood  water  of  the  river  and  would  materially  reduce  the  height  of 

3:     the  floods  throughout  the  valley.    I  can  not  agree  with  this  view. 

-^         The  greatest  rise  noted  was  in  the  White  River  near  the  town  of 

,      Kent,  about  30  miles  by  river  from  the  mouth  of  the  Duwamish.    Above 

2     Kent  there  is  a  shar])  fall  in  the  bed  of  the  river,  causing  a  flood  to  run 

-■     ott"  rapidly.    Near  Kent  the  slope  of  the  river  changes  abruptly  to  a 

very  gentle  one,  and  the  flood  waters  striking  this  gentle  slope  naturally 

rise  to  a  greater  height  than  they  do  either  above  or  below  this  point. 

r      The  average  slope  of  the  water  surface  at  low  water  from  Kent  to 

Elliott  Bay  is  but  a  very  little  over  1  foot  to  the  mile,  and  the  slope  is 

ver}'  uniform  throughout  the  entire  distance.    With  such  a  gentle  slope 

extending  for  30  miles  over  a  comparatively  narrow,  shallow,  and 

extremely  tortuous  stream,  a  large  rise  is  a  necessary  consequence  of 

suddenly  pouring  a  large  volume  of  water  into  the  upper  end  of  the 

stretch. 

Throughout  the  entire  distance  the  widfh  and  depth,  as  well  as  the 
slope,  are  remarkably  uniform,  and  there  is  no  place  in  the  entire  dis- 
tance where  there  is  any  special  obstruction  which  could  be  removed 
and  aflbrd  much  relief.  The  few  snags  there  are  insignificant  in  the 
eflect  they  have  upon  the  flood  waters. 

The  whole  trouble  is  due  to  the  fact  that  at  no  point  in  the  stretch 
does  the  channel  have  sufficient  cross  section  to  carry  ofi:  the  floods 
under  the  conditions  which  exist. 

At  the  head  of  Edwards  Island,  just  inside  the  tide  flats  spoken  of, 
the  flood  level  of  the  river  was  found  by  accurate  levels  to  be  but  two- 
tenths  of  a  foot  above  the  high-tide  level  of  Elliott  Bay  at  the  foot  of 
Madison  street,  Seattle,  which  is  far  enough  away  from  the  mouth  of  the 
river  to  be  removed  from  any  possible  influence  of  the  river  floods. 

The  distance  from  the  head  of  Edwards  Island  to  the  nearest  deep 
water  in  Elliott  Bay  is  approximately  2^  miles.  If,  therefore,  a  channel 
of  sufficient  size  were  dredged  for  2^  miles  through  tide  flats  whose 
average  level  is  about  five  feet  above  low  tide,  it  would  be  possible  to 
lower  the  flood  level  at  this  point  two-tenths  of  a  foot.  During  the  time 
the  tide  was  low  the  water  in  the  river  would  also  fall  to  a  certain  extent 
for  some  distance  up  the  river,  but  with  the  return  of  the  tide  the  river 
would  again  rise.  In  other  words,  the  only  practical  effect  of  any  amount 
of  dredging  would  be  to  extend  the  influence  of  the  tide  for  a  short 
distance,  and  make  tidal  a  portion  of  the  river  near  the  mouth  which  is 
not  so  at  the  present  time.  Moreover,  to  maintain  such  a  channel,  even 
were  it  dredged,  constant  work  would  be  required.  A  small  sample  of 
water  taken  from  near  the  surface  of  the  river  during  the  survey  was 
found  to  contain  about  one  part,  by  weight,  of  sediment  to  1,085  parts  of 
water.  This  is  a  very  large  proportion  of  solid  matter  to  be  carried  in 
Bus])ension,  and  this  of  course  is  dropped  as  soon  as  the  velocity  of  flow 
is  checked  by  the  tide  water. 

In  my  opinion,  the  only  possible  way  to  protect  this  valley  from  over- 
flow is  by  a  complete  and  thorough  system  of  dikes.  Some  attempts 
at  dike  construction  have  been  made,  but  they  have  been  isolated,  and 
no  system  has  been  followed.  In  some  places  dikes  were  found  uncon- 
nected to  high  ground,  so  that  the  water  was  free  to  run  around  either 
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end,  and  tbey  were  generally  too  low  and  too  near  the  bank  of  the  river, 
thas  preventing  any  material  increase  of  cross  section  of  the  river  except 
by  an  abnormal  rise. 

On  account  of  the  extremely  tortaoas  coarse  df  the  river  and  the  com- 
paratively narrow  vaJley  tlirough  which  it  flows,  the  expense  per  awe 
of  the  land  benefited  by  properly  diking  the  river  will  be  large,  but  I 
see  no  other  way  to  reclaim  the  present  waste  land  or  protect  the  pres- 
ent improved  land  from  overflow,  and,  as  a  dike  bnilt  along  any  partica- 
lar  stretch  of  the  river  would  benefit  only  a  few  individuals,  it  does  oot 
appear  to  me  to  be  a  proper  undertaking  for  the  General  Government 
Very  respectfcdly,  your  obedient  servant, 

Harry  Taylor, 
Captaifij  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Ohief  of  Engineers,  U.  8.  A. 


BSPORT  OF  MR.  R.  H.  OBRR,   SURVRTOR. 

«  Seattue,  Wash.,  Januwry  gl,  18SS. 

Captain:  I  have  the  honor  to  sabmit  the  following  report  of  a  sarvey  of  ike 
Dawamish  River  and  its  tributaries.  The  survey  was  commenced  November  4, 1^'. 
and  completed  December  22, 18(^7,  and  included  Black  River,  from  Lake  Washingtoii 
to  the  Dawamish;  Cedar  River  from  the  Columbia  and  Paget  Sonnd  Railroad  Bridge 
at  Ronton,  to  its  mouth ;  White  River  from  the  head  of  navigation  at  the  Northers 
Pacific  Railroad  Bridge,  1^  miles  south  of  Kent,  to  the  Dawamish,  and  of  tl» 
Dnwamish  River  to  deep  water  in  Duwamish,  or  Elliott,  Bay. 

The  Dawamish  River  is  a  stream  16  miles  long,  formed  by  the  junction  of  Btoek 
and  White  rivers,  emptying  into  Dawamish,  or  Elliott,  Bay,  one  of  the  indeutatioos 
on  the  eastern  shore  of  Paget  Sound.  The  city  of  Seattle  is  located  on  the  ea»tm 
shore  of  the  bay,  about  2  miles  from  the  mouth  of  the  river. 

White  River,  the  principal  feeder  of  the  Duwamish,  heads  on  the  eastern  slopes  of 
Mount  Rainier  in  latitude  46"^  51'  N.,  longitude  121°  46'  W.,  at  the  foot  of  a  glacier. 
It  skirts  the  base  of  the  mountain,  receiving  the  waters  of  several  glacial  strevai 
for  about  6  miles,  then  pursues  a  general  course  of  K.  20^  W.  for  about  17  mile^  tfi 
its  confluence  with  Greenwater  River,  the  principal  tributary  of  the  upper  White 
River.  This  portion  of  White  River  is  characterized  by  an  excessive  width,  in  wtaj 
places  exceeding  800  feet,  great  fall,  and  velocity  of  current  over  a  rough  howldtf 
bed.    The  water  is  milky  white  in  color. 

Greenwater  River,  so  called  from  the  clear  green  tint  of  the  wat-er,  heads  in  asnaQ 
lake  lying  near  the  summit  of  Natchez  Pass,  in  the  main  range  of  the  Cascades.  Tbf 
old  military  road,  bnilt  in  1852,  crossed  the  mountains  over  this  pass  and  followed tk 
valley  of  Greenwater  and  White  rivers  to  the  Pugot  Sound  country. 

From  Greenwater  the  general  course  of  White  River  for  19  miles  is  westerly,  tks 
northwesterly  23  miles  to  its  confluence  with  Green  River,  its  principal  tributary- 
The  largest  feeders  of  White  River,  between  Greenwater  and  Green  rivers,  are  Cleir- 
water  Creek,  rising  on  the  northern  slopes  of  Mount  Rainier,  and  Boise  Creek,  dnit- 
ing  a  portion  of  the  country  between  White  and  Green  rivers.  The  average  widtk 
of  White  River  for  this  distance  is  f^om  150  to  200  feet,  with  considerable  fall  ov« 
roup^h  bowlder  and  cobblestone  bottom.  The  total  drainage  area  of  White  Riveraad 
all  its  tributaries  above  Green  River  is  477  square  miles. 

Green  River,  deriving  its  name  from  the  color  of  the  water,  heads  in  the  Csectit 
Range  at  Stampede  Pass,  in  latitude  47^  15'  N.,  longitude  121°  20^  W.,  and  pnnae«» 
general  coarse  of  N.  85<^  W.  a  distance  of  about  60  miles  to  its  junction  with  VHUtt 
River.  This,  like  the  Upper  White  River,  is  torrential  in  character  and  flows  throag^ 
a  narrow  valley  with  steep  slopes  on  each  side.  With  all  its  tributaries  it  draiitf^B 
area  of  399  square  miles.  The  Northern  Pacific  Railroad,  from  Puyallnp  east  passes 
up  the  Talley  of  the  Puyallnp  River  and  of  Soutli  Prairie  Creek,  then  orosses  tiie  roll- 
ing country  between  that  and  White  River.  It  crosses  White  River  at  a  point  sboot 
13  miles  in  a  straight  line  from  the  junction  of  White  and  Green  rivers,  then  skirti 
the  base  of  the  foothills  on  the  east,  pursuing  a  general  course  of  N.  40^  E.  totberal- 
ley  of  Green  River,  which  it  enters  at  a  point  about  15  miles  in  a  '«traight  line  abo^ 
its  mouth.  It  then  passes  up  the  valley  and  crosses  the  Cascade  Range  at  Stsoipc^ 
P&Ba,*ati  \»\i«  YiftSid  waters  of  Green  River. 
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Stack  River  separates  from  White  River  aboat  3  miles  in  a  straight  line  above  the 
junction  of  White  and  Green  rivers.  This  is  a  stream  of  small  cross  section  at  low 
water,  bnt  with  considerable  fall  and  consequent  great  velocity  of  cnrrent.  The 
fall  for  the  first  3  miles  is  about  25  feet  to  the  mile.  It  pursues  a  course  of  about 
S.  65^  W.  for  the  first  3  miles,  skirting  the  base  of  a  ridge  of  about  200  feet  in  height 
lying  on  the  east  and  southeasti  then  swin^i^s  to  the  south  and  runs  in  a  general  conrse 
of  about  8. 20*^  VV.  to  its  junction  with  the  Pnyallup  River.  The  length  of  the  river 
is  about  9  miles.  The  last  4  miles  has  but  little  fall.  The  width  of  the  river  between 
the  high-water  lines  is  about  400  feet.  In  places  it  roaches  a  width  of  600  feet.  The 
width  of  the  stream  at  low  water  averages  about  80  feet.  The  river  for  the  first  3 
miles  is  choked  with  loir  jams,  and  flows  through  a  heavily  wooded  country  which  is 
bnt  little  settled.  The  lower  part  of  the  river  flows  throngh  a  level  and  very  fertile 
valley  which  is  thickly  settled.  The  discharge  at  the  average  low-water  stagv  is 
about  40,000  cubic  feet  per  minute.  From  one-fourth  to  one-third  of  the  total  vol- 
ume of  Wh  ite  River,  at  low  water,  passes  down  Stuck  River.  At  high  water  probably 
one  half  goes  down  Stuck  River.  Tiie  rise  at  the  head  is  about  5  feet.  At  the  Northern 
Pacific  Railroad  Bridge,  about  3  miles  below,  it  is  about  7  feet. 

From  settlers  who  have  lived  near  by  lor  the  last  fifteen  years  and  from  the  Indians 
on  the  Muckleshoot  Indian  Reservation  at  the  head  of  the  river,  I  learn  that  Stuck 
River  was  formerly  but  little  more  than  a  brook  which  one  could  step  across  at  low 
water.  It  pnrsned  the  same  general  course  as  it  does  now,  forming  a  succession  of 
sloughs  with  slight  depth.  Since  then  it  has  excavated  for  itself  the  present  chan- 
nel, the  bottom  of  which  is  from  8  to  16  feet  below  the  level  of  the  valley.  It  is  con- 
stantly jamming  up  with  logs  and  drift,  which  back  up  the  water  and  force  it  to  cut 
a  new  channel  around  the  obstruction.  The  river  is  crossed  by  the  Northern  Pacific 
Railroad  Bridge  at  a  point  about  3  miles  below  its  head.  This  bridge  is  210  feet  lf>ng, 
consisting  of  three  spans  of  60  feet  each  and  one  of  30  feet,  plate  girders  of  steel  on 
first-class  masonry  piers. 

From  Green  River,  White  River  flows  in  a  northerly  conrse  through  a  wide  and 
fertile  valley  for  about  5  miles,  then  turns  abruptly  to  the  west,  a  distance  of  about 
1^  miles  1o  the  point  where  the  Northern  Pacific  Railroad,  from  Seattle  to  Puy<allup, 
crosses  the  river.  This  point  is  the  head  of  navigation  and  is  the  initial  ])oint  of 
the  present  survey.  Thence  the  river  flows  at  first  northwesterly,  then  northerly, 
then  northeasterly,  a  total  distance  of  14.5  miles  in  a  tortuous  course  to  its  conflu- 
ence with  Black  River,  the  union  of  the  two  forming  the  Duwamish.  The  distance 
in  a  straight  line  is  7.83  miles.  The  lower  3  miles  is  afl'ected  very  slightly  by  the 
tides  at  times  of  extreme  low  water  in  the  river. 

White  River,  from  the  Northern  Pacific  Railroad  Bridge  to  the  Duwamish,  flows 
through  a  bottom  land  having  a  width  of  from  2  to  3  miles.  The  soil  is  a  deep,  rich, 
alluvial  deposit.  The  greater  portion  of  the  land  has  been  cleared  and'  put  under 
cultivation.  The  remainder  is  swampy,  and  is  covered  with  a  dense  growth  of 
alder,  maple,  and  cottonwood.  Snccessive  freshets  by  depositing  the  sediment, 
which  is  carried  by  the  current  in  discontinuous  suspension,  have,  in  the  course  of 
ages,  built  up  the  banks  of  the  river  and  the  area  adjacent  to  a  considerable  height 
above  the  general  level  of  the  valley.  This  superelevation  varies  from  3  to  8  feet. 
The  low  ground  is  generally  found  near  the  foot  of  the  flanking  hills,  which  rise  to 
a  height  of  from  200  to  400  IVet  above  the  valley.  These  are  surmonnted  by  a  rolling 
upland  which  is  but  sparingly  cultivated. 

The  Duwamish  River  proper,  although  16  miles  in  length,  as  measured  along  its 
sinuosities,  extends  over  a  distance  of  but  7.81  miles,  measured  in  a  straight  line. 
It  flows  through  a  bottom  laud,  having  a  width  of  from  1  to  2  miles,  most  of  which 
is  subject  to  overflow  during  freshets.  The  portion  of  the  valley  nearest  the  river 
is  nsually  higher  than  that  near  the  foot  of  the  flanking  hills,  but  the  difference  in 
elevation  is  but  slight  as  compared  with  that  along  White  River.  The  area  of  cul- 
tivated laud  is  less  in  proportion  to  the  area  of  the  valley,  and  the  area  of  the  waste 
and  swampy  laud  is  greater. 

The  entire  length  of  the  Dnwamish  is  tidal  at  stages  of  ordinary  low  water.  At 
bigh  water  in  the  river  the  tides  do  not  afiect  the  level  of  the  river  at  the  head. 
At  seasons  of  low  water  the  variation  at  that  point  is  about  1  foot. 

At  its  mouth  the  Dnwamish  is  divided  into  two  channels  by  a  large  island,  known 
as  Edwards  Island.  The  channel  on  the  right  goes  entirely  bare  at  mean  lower  low 
water,  and  is  obstructed  by  the  trestle  of  the  old  Commercial  Street  Electric  Railroa<l. 
That  on  the  left  is  very  shoal,  carrvin|^  but  about  1  foot  of  water  at  extreme  low  tides 
at  low-water  stage  in  the  river,  ami  spills  out  over  mu<l  flats  extending  for  a  distance 
of  2^  miles  to  deep  water.  The  Seattle  Terminal  and  Elevator  Company's  trestle 
extends  across  the  lower  edge  of  the  tide  flats  in  nearly  an  east  and  west  course.  The 
drawspan  on  this  trestle  was  formerly  located  in  the  line  of  the  slight  depression  in 
the  flats  extending  from  the  mouth  of  the  west  channel  of  the  Duwamish  to  deep 
water,  but  was  moved  3,200  feet  to  the  eastward  about  two  years  ago,  to  conform 
with  the  plans  of  the  Seattle  and  Lake  Washington  Waterway  Company.    This  com- 
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pany  hM  dreAKod  a  channel  from  deep  water  to  a  point  abont  601  feet  !wntk  of  W 
trestle.  Boats  enterin);  the  Duwaiuish  after  pussin^  tbroagh  the  draw  are  tiblif^i 
to  cToea  the  slightly  elevated  portion  of  the  mud  flats  imniediately  soiitli  of  theErn- 
tle,  a  distance  of  abont  one-half  mile,  to  the  old  channel.  Boats  drawing  5  feetea 
not  cross  this  portion  of  the  tlats  at  stages  below  half  tide. 

There  was  formerly  a  tbird  ohanuel  of  the  Dawamish,  beginning  nboat  2,000  H 
above  tbe  upper  end  of  Edwards  Island  and  joining  the  left  or  west  channel  ftttbi 
head  of  the  island,  but  that  is  now  clioked  by  snags  and  sand  collect«dbyi8y^es 
of  boom  piles  driven  at  the  head  of  the  channel. 

The  Northern  Pacific  Railroad  from  Puyallup  to  Seattle  crosses  White  RiTprUt 
miles  above  its  month  and  follows  the  general  conrse  of  the  valley  at  tbe  bs8eo(  tl» 
hills  on  the  enst.  It  crosses  Hlack  River  about  200  feet  above  it«  month  snd  y^ 
the  Columbia  and  Pnget  Sound  Railroad  at  Black  River  .Junction,  thence  folloT:£| 
the  roadbed  of  the  latter  to  Seattle,  skirting  the  base  of  the  ri<lge  on  the  ettt  of  \k 
river.  On  the  line  of  the  Northern  Pacitic  Railroad  are  located  Kent  and  Slangier. 
now  named  Auburn.  Kent,  at  the  head  of  navigation  on  White  River,  16  miles na 
Seattle,  has  a  population  of  850,  according  to  the  census  of  1890.  Slaaghter.  aei* 
the  junction  of^ White  and  Green  rivers,  and  21  miles  from  .Seattle,  has  apopnUtni 
of  740.  The  settlers  in  the  valley  are  principally  engaged  in  fanning,  (lurjiDg.ttd 
hop  raising.  There  is  a  sawmill  at  Kent  with  capacity  of  40,000  ftret  B.ILper^T 
of  nine  hours. 

The  railroad  gives  ample  facilities  for  the  transportation  of  the  prodneisoftte 
valley  to  market.  A  network  of  wagon  rr>ad8  gives  communication  with  all  pais 
of  the  valley  under  cultivation.  White  River  is  crossed  by  two  wagon  bridgeiifid 
two  ferries. 

The  portion  of  the  valley  on  the  west  side  of  the  npper  Dnwamtsh  is  bat  ]n:« 
settled.  There  is  no  wagon  road  on  this  side  for  a  distance  of  5  miles  below Bb^ 
River.  At  this  point  the  main  ntad  from  Tacouia  to  Seattle  descemU  from  tbehi^ 
ridge  on  the  west  to  the  river  valley,  and  follows  the  foot  of  the  hills  to  River  hrt 
It  crosses  the  Dnwamish  about  one-half  mile  above  River  Park  and  follows  tli«l»^ 
of  tbe  hills  on  the  east  to  Seattle.  The  road  which  follows  the  right  baokof  ibr 
river  for  the  eutiro  distance  from  Kent  joins  the  main  road  at  Georgetown. 

South  Park,  or  River  Park,  is  a  town  of  probably'  400  inhabitants,  sitaated od ti» 
loft  bank  of  the  Duwamish  6  miles  above  its  mouth.  It  is  the  terminus  of  tiieGne^ 
Street  Electric  Railroad,  5  miles  from  Seattle.  Gtorgetown.  or  Duwamish,  i«» 
suburb  of  Seattle,  on  the  right  bank  of  the  Duwamish  3^  miles  above  its  oioa*>^ 
It  is  on  the  line  of  the  Grant  Street  Electric  Railroad  4  miI(V9  from  Seattle. 

Hlack  River,  a  shoal  and  narrow  stream  3.65  miles  long,  drains  the  basins  of  ]s^<^ 
Washington  and  Sanimatnish  and  receives  the  waters  of  Cedar  River  at  a  points.^ 
feet  below  the  foot  of  Lake  Washington.  Lake  Sammamish  has  an  area  of  <"<  sq  ^'* 
miles  and  a  length  of  7  miles,  with  an  average  width  of  a  little  over  1  mile,  a^pii 
depth  of  50  feet.  The  area  of  it>s  drainage  basin  18  211  square  miles.  Thesorpi'i 
waters  are  discharged  into  Lake  W^asbingtou  through  the  ."^ainmamish  Hirer.  ^^^ 
is  a  stream  of  small  velocity,  averaging  about  50  feet  in  width,  with  a  depth gt-n^* 
ally  of  from  6  to  8  feet.     The  len«;th  of  this  river  is  about  17  miles. 

Lake  Washington  has  a  length  of  19  miles,  an  area  of  38.9  square  miles,  aoa^ 
age  width  of  2  miles,  and  a  maximum  depth  of  198  feet.  The  area  of  tbe  draiu-r 
basin  of  the  lake  is  182  square  miles.  The  elevation  of  the  low- water  plsDeis^-^ 
feet  above  the  Pnget  Sound  datum  plane.  It  has  a  range  of  3.3  feet  between  ^ 
low-water  plane  and  the  highest  flo  >d  marks  observed.  The  greatest  rise  repoiv 
during  former  years  was  7  feet. 

The  shore  of  the  lake  is  generally  abrupt.  The  lake  is  surrounded  by  low  Li ' 
rising  to  an  elevation  of  from  300  to  500  feet  above  the  lake.  These  are  surmorir^t^ 
by  aheavily  rolling  plateau,  which  is  but  thinly  settled.  The  products  of  tbe  ^'^ 
try  adjacent  to  the  lake  are  shipped  to  market  over  tbe  Seattle,  Lake  i^b*)r/  a^* 
Eastern  Railroad,  which  skirts  the  northern  and  northwestern  shores  of  the  Ui« 
and  by  the  small  steamboats  which  ply  upon  the  lake.  The  produce  from  the  iv^i 
along  the  western  shore  is  shipped  over  the  street  car  Hues  and  by  wagon  mad. 

Cedar  River  heads  on  tbe  Cascade  Range,  in  latitude  47^  22'  N.,  longitode  1^^ 
30'  W.     It  pursues  a  general  course  of  N.  80^  W.  to  its  junction  with  Black  River.' 
distance  of  about  55  miles.    This  is  a  narrow  and  shallow  stream,  carrying  bat  lit^ 
water  except  during  flood  seasons. 

The  low-water  discharge  of  Cedar  River  at  Maple  Valley,  abont  15  miles  »b«« 
its  mouth,  was,  in  1895,  about  8,500  cubic  feet  per  minute.  In  1897  it  was  lS.i^^ 
cubic  feet  per  minute.  The  'season  of  lowest  water  is  during  September  and  Ort*- 
her.  The  maximum  discharge  usually  is  in  November,  when  it  has  reached  it)}.'^ 
cubic  feet  per  minute.  The  normal  flow  is  about  50,000  cubi**  feet  per  minntei  « 
low-water  stages  the  waters  of  Cedar  River  run  through  Black  River  into  ^ 
Dnwamish,  but  at  high-water  stages  in  Cedar  River  the  direction  of  the  curreat  i» 
temporarily  reversed  and  a  considerable  portion  of  the  waters  of  Cedar  Rircr^** 
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into  Lake  Wasliington  until  the  water  in  the  lake  is  raised  to  the  level  of  the  flood 
water  at  the  mouth  of  Cedar  River.  A  rise  of  1^  feet  is  anfficient  to  produce  a  slight 
iturrent  toward  the  lake.  The  shoal  at  the  foot  of  Lake  Washington,  ahout  300 
acres  in  oxtent,  has  been  formed  by  the  deposition  of  sediment  brought  down  Cedar 
River  during  tloods.     The  drainage  area  of  Cedar  River  is  180  square  miles. 

Black  River  curries  the  level  of  Lake  \Va8hin;;ton  to  a  point  about  500  feet  above 
the  mouth  of  Cedar  Hiver,  and  then  falls  over  a  rough  cobblestone  bottom,  with  a 
current  of  from  4  to  5  miles  per  hour,  during  low- water  stage,,  for  a  diHtance  of  1,400 
feet.  Below  this  rapid  there  is  a  current  of  about  3  miles  per  hour  to  the  Dnwamish. 
The  average  width  of  Black  River  is  about  100  feet. 

Black  River  flows  through  the  western  and  northern  portions  of  a  broad  valley, 
part  of  which  has  been  cleared  and  improved,  but  the  greater  proportion  is  low  and 
swampy  and  covered  with  a  dense  growth  of  brush.  The  town  of  Renton,  situated 
on  the  left  bank  of  Cedai-  River,  three-fourths  of  a  mile  above  its  Tuouth,  has  a  popu- 
lation of  400,  according  to  the  cen^UH  of  1890,  engaged  principally  in  farming  and 
coal  mining.  The  coal  and  farm  produce  are  shipped  to  market  over  the  Columbia 
and  Pnget  8ound  Railmad.  The  Franklin  branch,  down  the  Cedar  River  Valley, 
joins  the  Newcastle  branch  at  Kenton.  The  main  line  then  crosses  Black  River  if 
miles  below  the  lake  and  follows  the  base  of  the  ridue  on  the  north  side  of  Black 
River  to  the  Duwamish  Valley;  then  along  the  east  side  of  the  Dnwamish  Valley  to 
Seattle.  Franklin,  the  terminus  of  the  Franklin  branch  of  the  Columbia  and  Puget 
Sound  Rai'noad,  is  located  on  the  right  bank  of  Green  River.  The  distance  in  an  air 
line  from  the  end  of  the  Columbia  and  Pnget  Sound  Railroad  track  to  the  main  line 
of  the  Northern  Pacific  Kailroad  is  about  2  miles. 

Ronton  is  the  terminus  of  the  Seattle  and  Rainier  Beaoh  Electric  Railroad,  which 
crosses  Cedar  River  2,000  feet  above  its  mouth,  Black  River,  at  the  foot  of  the 
lake,  and  then  follows  the  west  shore  of  the  lake  to  Rainier  Beach,  a  point  4  miles 
firoin  thu  foot  of  the  lake.  It  then  follows  the  base  of  the  ridge  on  the  west  through 
a  narrow  valley  to  Seattle. 

The  survey  of  Black  River  was  commenced  November  4  and  completed  November 
11,  1897.  It  included  1  mile  also  of  Cedar  River  from  the  Columbia  and  Puget  Sound 
Railroad  bridge  at  Ronton  to  its  mouth.  At  the  time  of  the  survey  the  river  was  at 
a  low  stage.  At  many  places  there  was  not  enough  water  in  Cedar  River  to  float 
the  sounding  boat.  Cedar  River  has  a  fall  of  13  feet  in  the  distance  of  1  mile,  and 
is  obstructed  by  numerous  bars  and  low  islands.  The  bottom  is  of  cobblestones 
and  gravel.  The  greatest  variation  between  high  and  low  waters  was  found  to  be  8 
feet.  The  river  in  this  distance  is  crossed  by  four  bridges,  a  detailed  description  of 
each  of  which  it  given  in  the  appended  list.  * 

Black  River  is  a  shallow  stream,  with  a  ruling  depth  of  about  2  feet  at  low  water. 
The  channel  is  narrow  and  crooked  and  is  obstruete  I  by  several  gravel  bars.  The 
banl.B  are  -overed  with  a  dense  growth  of  alder,  willow,  and  vine-maple  brush,  which 
extends  to  and  overhangs  the  low- water  line.  The  total  fall  from  Lake  Washington 
to  the  Dnwamish,  a  distance  of  3.65  miles,  is  12.08  feet,  or  at  an  average  rate  of  3.31 
feet  per  mile.  There  are  five  bridges  across  Black  River.  All  of  these  are  fixed 
spans,  except  the  bridge  at  the  foot  of  the  lake.  These  bridges  vary  from  8  to  12 
feet  in  the  clear  al)ove  extreme  high  water. 

A  cross  section  of  Black  River  was  taken  at  the  county  bridge  next  below  Cedar 
River,  with  a  view  at  some  future  time  of  determining  high  and  low  water  dis- 
charges. A  base  was  measured  on  the  east  rail  of  the  bridge  and  a  tack  driven  at 
every  2  feet.  The  10-foot  distances  from  southeast  end  of  bridge  were  marked  with 
yellow  paint.  The  depth  of  the  water  at  each  2-foot  distance  was  taken  to  the 
nearest  hundredth  of  a  foot. 

Dnring  the  progress  of  the  survey  of  Black  River  a  house  boat  40  feet  long  by  12 
feet  beam  was  constructed  at  Kent.  This  was  completed  and  ready  for  the  party 
as  soon  as  that  survey  was  finished.  , 

l^e  variation  between  high  and  low  waters  on  Black  River  was  hard  to  determine, 
as  the  whole  bottom  is  flooded,  leaving  few  reliable  high-water  marks.  The  greatest 
variation  noted  at  the  lake  is  3.3  feet;  at  the  mouth  of  Cedar  River  about  5  feet; 
at  the  county  bridge  next  below  Cedar  River  about  10  feet;  and  at  the  Dnwamish 
about  14  feet. 

The  survey  of  the  White  River  was  begun  on  November  13  and  completed  on 
iNovember  27,  1897.  The  survey  of  the  Duwamish  was  completed  on  December  12 
And  of  Duwamish  Bay  ou  December  22,  1897. 

Dnring  the  whole  of  this  time  the  weather  was  most  un propitious.  The  precipita- 
ntion  in  the  period  occupied  in  making  the  survey  was  16.58  inches.  The  average 
;preoipitation  at  Seattle  for  the  last  seven  years  was  38.58  inches  per  year. 

On  account  of  the  heavy  rains  and  of  Chinook  winds  the  river  was  at  a  high  stage 
faring  the  greater  part  oif  the  time.    It  reached  flood  limits  on  November  19  and  20, 

*  Not  printed. 
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1897.    The  continaal  fluotaations  of  the  river  made  it  necessary  to  establish  gaosei 
at  several  points.    These  were  read  regularly  daring  the  progress  of  the  survey. 

The  upper  gauge  is  nailed  to  a  pile  on  the  inside  of  a  bulkhead  on  the  left  bu^ 
of  White  Ktvcr  470  IVet  above  the  county  bridge,  known  as  the  Alvord  Bridge,  1 
mile  south  of  Kent.  The  zero  of  the  gauge  is  at  an  elevation  of  35.33  feet  abore  the 
Puget  Sound  datum  plane.  A  reading  of  2.6  feet  on  this  gauge  corresponds  with 
the  stage  of  low  water  of  November  3,  1897.  This  is  said  by  the  residents  nearbr 
to  be  **  as  low  as  the  river  ever  gets/'  and  is  the  stage  to  which  all  soundings  in  the 
river  have  been  reduced. 

A  second  gauge  was  established  1  mile  below  the  mouth  of  Black  River.  This 
gauge  is  nailed  to  a  pile  ou  tbe  right  bank  of  the  Duwaroish  River  1,400  feet  beloir 
the  Northern  Pacific  Railroad  station  at  Black  River  Junction.  The  pile  is  the  lowrst 
one  of  a  long  row.  Zero  of  the  gauge  equals  the  low  water  of  November  3, 1897,  and 
IS  at  an  elevation  of  18.34  feet  above  the  Puget  Sound  datum. 

A  third  gauge  was  established  800  feet  below  the  Grant  Street  Electric  Railroad 
Bridf;e  at  River  Park.  It  is  nailed  to  a  bulkhead  on  the  left  bank  of  the  Duwaniish, 
immediately  behiud  A.  A.  Bruwnleo's  house.  The  zero  of  this  gauge  equals  (^xtreiue 
low  water,  as  determined  from  information  given  by  residents  at  that  point  U 
ai^reeei  almost  exactly  with  the  upper  gauges.  The  zero  ot  this  gauge  is  at  an  dera- 
tion of  7.48  feet  above  Pnget  Sound  datum. 

A  fourth  gauge  wa^  established  at  Seattle.  This  is  nailed  to  a  pile  on  the  sooth 
side  of  the  wharf  on  Lane  street,  about  200  feet  west  of  Railroad  avenue.  Tbe 
gauge  was  set  with  the  zero  at  mean  lower  low  water,  but  all  soundings  in  Dnws- 
mish  Bay  have  been  reduced  to  Pnget  Sound  datum,  which  is  2.28  feet  below 
»^.ero  of  the  gauge.  The  Puffot  Sound  datum,  as  determined  by  the  engineers  of  the 
State  harbor  line  con.mission  and  of  the  State  tide,  laud  commission^  is  the  meuof 
the  sev«n  lowest  tides  observed  during  a  period  of  one  year — from  Augnst,  Wi^ 
to  August,  1892— on  the  automatic  tide  gauge  established  by  the  United  States  Coast 
and  Geodetic  Survey  at  the  foot  of  Madison  street,  and  corresponds  with  a  readioi 
of  4.37  feet  on  that  gauge.  The  average  of  the  seven  highest  tides  observed  dniios 
the  same  period  corresponds  with  a  reading  of  20.14  feet  on  that  gauge,  which  eqa^ 
0.00  of  the  Seattle  (Uty  <latum,  and  shows  a  range  of  tide  of  15.77  feet. 

Besides  the  above  gauges  a  temporary  gauge  was  read  every  hour  tluring  worhioi; 
days.  This  gauge  was  read  from  point  to  point  along  the  river,  and  was  onljtilcs 
up  while  the  scow  was  being  moved.  At  such  times  a  record  was  made  of  tbe 
change  in  the  water  surface,  and  the  temporary  gauge  was  reset  to  correspond  vitb 
that  change.  In  this  way  an  entirely  accurate  record  of  the  stage  of  the  rinf 
above  the  low- water  plane  was  kept  along  with  the  survey.  Considerable  variation 
in  the  rise  and  fall  of  the  river  at  the  various  points  was  noted.  A  diagram  *  issob- 
mitted  showing  at  a  glance  the  stage  of  the  river  at  each  of  the  river  gauges,  udst 
each  camp  along  the  river. 

The  difference  between  extreme  low  water  and  extreme  high  water  at  tbe  fiN 
gauge  is  17.6  feet.  At  the  month  of  Black  River  the  diifereuce  is  14  feet,  and  it 
River  Peak  it  is  12  feet. 

The  current  at  White  River  at  a  stage  about  6  fbet  above  low  water  has  a  qaitt 
uniform  velocity  of  from  2^  to  3  miles  per  hour.  At  a  low  stage  it  is  probably  sheet 
2  miles  per  hour. 

Soundings  were  taken  across  the  river  at  an  average  distance  of  200  feet,  v^ 
diagonal  linea  were  sounded  between  these  transverse  lines.  Soundings  are  in  f^f 
and  refer  to  the  low-water  stage  of  November  3,  181^7,  as  far  as  the  head  of  Edwirfis 
Island.  At  that  point  the  tide  comes  in  on  each  side  of  the  island,  and  it  was  foas^ 
that  there  was  a  difference  of  but  two*tenthsof  a  foot  between  the  elevation  of  bi^^ 
water  at  that  point  and  at  Seattle,  while  all  stations  above  Edwards  Island  ahov^ 
a  practically  uniform  slope  of  seven-tenths  of  a  foot  to  the  nr«ile  at  high  water.  1^ 
head  of  Edwards  Island  was  tjierefore  taken  as  the  dividing  point  between  tk 
river  datum  and  the  Puget  Sound  datum.  The  difference  between  the  two  dsta  tf 
this  point  is  3.76  feet. 

A  continuous  line  of  levels  was  run  for  the  entire  distance.  Benches  wereesta^ 
lishedat  an  average  distance  of  1^  miles.  At  each  station  were  taken  the  elevation 
of  the  water  surface  of  the  high-water  line,  the  general  elevation  of  the  surface  cf 
the  ground,  and  of  the  top  of  the  dike  wherever  found.  The  elevation  of  tbe  lev 
ground  back  from  the  river  was  also  taken  at  intervals.  The  elevation  of  thelovtft 
point  of  every  bridge  was  also  taken,  in  order  to  show  the  clear  height. 

White,  Green,  and  Cedar  rivers  are  subject  to  annual  floods  caused  by  the  moltiBf^ 
of  the  snow  in  the  mountains  at  their  sources.  These  floods  usually  occur  in  Api^ 
or  May,  and  last  about  two  months.  These  rivers  are  also  subject  tc*  floods  at  intf* 
ular  periods  during  the  fall  and  winter  months.  These  are  caused  by  a  sudden  melt- 
ing of  the  snow  by  Chinook  winds  or  by  heavy  rains.    The  highest  water  is  nsnally 

*  Only  index  map  is  printed. 
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in  Noyember  or  in  December.  It  is  generally  from  fifteen  to  eighteen  hoars  after  a 
Chinook  wind  be«rinB  to  blow  before  the  rise  is  felt  on  the  lower  river.  It  nsnally 
takes  about  two  days  to  reach  flood  limits.  The  greatest  rise  observed  during  the 
survey  was  of  8  feet  in  twenty-fonr  hours.  The  greatest  fall  in  twenty-four  hours 
was  4.3  feet. 

The  total  drainage  area  of  the  Dnwamish  River  and  nil  its  tributaries  is  1,533 
square  miles.    The  drainage  area  of  each  tributary  is  as  follows: 

Drainage  area  of—  Square  miles. 

White  River  above  Green  River 477 

White  River  between  Green  and  Dnwamish  rivers 60 

Green  River 399 

CedarRiver 180 

Black  River  and  all  its  tributaries,  with  exception  of  Cedar  River 397 

Dnwamish  proper 20 

Total 1,533 

During  the  early  settlement  of  the  valleys  of  the  White  and  Dnwamish  rivers  no 
attempt  was  made  to  confine  the  waters  of  the  rivers  within  their  banks  b3*  the  cnn- 
struction  of  dikes.  The  river  then  overflowed  the  low. ground  of  the  valley,  which 
afforded  a  natural  safety  valve  to  prevent  excessive  floods,  and  the  greater  portion 
of  the  sediment  carried  by  the  current  was  deposited  on  the  land  next  the  river. 
Bat  as  the  valley  became  more  thickly  settled  dikes  were  built  and  the  water  con- 
fined in  a  narrow  channel. 

The  existing  dikes  conform  to  no  system  or  general  plan,  but  seem  to  have  been 
bnilt  largely  by  individual  efforts.  They  are  generally  too  near  the  banks  of  the 
river,  and  thus  prevent  the  natural  increase  of  the  cross  section  which  should 
acconi))any  the  rise  of  the  river.  In  many  places  there  are  no  dikes  for  a  consider- 
able distsmce.  In  other  places  there  are  short  dikes  standing  alone,  witii  nothing  to 
prevent  the  water  from  running  around  each  end. 

At  the  time  of  the  iiighest  water  in  White  River,  on  November  19,  a  small  quantity 
of  the  surface  water  was  taken  at  a  point  where  the  velocity  of  the  enrrent  was  the 
greatest,  in  order  to  determine  the  amount  of  sediment  carried  in  discontinuous 
suspension.  There  were  no  facilities  for  securing  water  from  the  bottom  of  the  cross 
section.  This  sample  of  water  weighed  7,055  grains.  The  sediment  weighed  6^ 
grains,  or  in  the  proportion  of  1  to  1,(^  by  weight.  This  sediment  seems  to  be  about 
half  sand  and  half  clay  or  vegetable  mold. 

The  banks  of  White  River  are  covered  with  a  dense  growth  of  alder,  willow,  and 
vine-maple  brush,  which  overhangs  the  low-water  line.  On  the  Dnwamish  the 
brush  is  not  generally  as  dense.  This  brush  affords  complete  protection  against  the 
washing  and  undermining  effects  of  the  current.  In  a  majority  of  cases  where  the 
brush  has  been  removed  the  river  has  begun  to  cnt  into  the  bank. 

The  average  width  of  White  River  from  the  Northern  Pacific  Railroad  Bridge  to 
Black  River  is  150  feet  and  of  the  Dnwamish  River  is  about  250  feet.  The  course  of 
each  of  the8e  rivers  is  very  tortuous,  with  numerous  sharp  bends  and  elbows.  In 
some  instances  the  direction  of  the  current  swings  through  an  arc  of  150^  in  a  dis- 
tance of  from  300  to  500  feet,  l^ars  are  fonnd  usually  on  the  inside  of  the  sharp 
bends  and  in  the  straight  reaches  of  the  river  where  the  current  slackens.  Above 
Black  River  there  is  but  one  bar  with  a  depth  of  less  than  4  feet  of  water.  On  the 
Duwamish  there  is  a  channel  nowhere  less  than  4  feet  in  depth  firom  Black  River  to 
a  point  3^  miles  above  the  mouth,  where  the  rnling  depth  is  3  feet  at  low  water. 
This  shoal  extends  to  the  mouth  of  the  river.  At  many  points  the  depth  is  less  than 
2  feet.  At  the  month  the  depth  is  about  1  foot  at  extreme  low  water,  and  from  there 
to  <leep  water,  a  diHtsince  of  2^  miles,  extend  mud  flats,  bare  at  low  water.  I  am 
informed  by  tugboat  captains  that  it  is  not  possible  to  row  a  skiff  into  the  mouth  of 
tiie  river  at  extreme  low  water.  This  shoal  has  been  formed  by  the  deposition  of 
the  sediment  brought  down  by  the  current,  which  here  meets  the  incoming  tide  and 
iH  checked  sufficiently  to  allow  the  sediment  to  drop.  This  point  where  the  tide 
checks  the  current,  varying  with  the  stage  of  the  tide  and  of  the  river,  swings  back 
and  forth  i>s  far  down  as  deep  water  in  Duwamish  Bay  and  as  far  up  as  Georgetown. 
The  reach  of  river  between  Georgetown  and  the  mouth  has  a  width  of  from  400  to 
600  feet.     Duwami.sh  Bay  has  a  width  of  about  2^  miles. 

White  and  Duwamish  rivers  are  obstructed  throughout  by  snags  whose  roots  are 
embedded  in  the  mud  bottoTn,  by  overhanging  trees,  and  by  trees  which  have  slipped 
bodily  into  the  river  through  the  undermining  of  the  banks.  The  snags  are  instru- 
mental in  the  formation  of  bars  by  causin*;  eddies  which  catch  a  great  deal  of  sedi- 
ment. It  is  believed  that  the  removal  of  these  snags  and  trees  is  all  the  work  that 
is  nereKsary  for  the  improvement  of  these  rivers.  The  bar  across  White  River  1 J 
miles  above  its  mouth  carries  only  2.7  feet  of  water  at  low  stage.  This  bar  is  400 
feet  in  length.    The  removal  of  800  cubic  yards  would  give  a  thanuel  of  4  feet  in 
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exit  for  the  flood  waters,  but  the  evidence  shown  by  the  history  of  the 
river  is  that  one  ^ood  navigable  channel  may  be  maintained  from  a 
short  distance  inside  the  tide  flats  up  the  river  to  Mount  Vernon,  and 
that  one  channel  is  best  not  only  for  navigation,  but  also  for  the  pro- 
tection of  the  farms  along  the  river  banks. 

In  his  letter  transmitting  this  report  Captain  Taylor  states: 

In  my  opinion  the  oontinuance  of  the  work  which  has  heretofore  been  carried  on 
in  the  Skagit  River — that  is,  snagging — id  of  the  utmost  importance  to  the  naviga- 
tion of  the  river,  and  so  far  as  this  is  concerned  the  improvement  is  a  worthy  one 
and  jnstitied  by  the  interests  of  the  commerce  involved,  but,  for  the  reasons  statrd 
in  the  report,  I  am  of  the  opinion  that  no  farther  improvement  is  Jastified  at  ihe 
present  time. 

These  views  are  concurred  in  by  Col.  Charles  R.  Sutcr,  Corps  of 
Engineers,  the  division  engineer. 

Very  respectfully,  yuur  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.j  Chief  of  Efi/jincerSy 

17.  S.  Army. 
Uon.  E.  A.  Alger, 

iSecretary  of  War. 


report  of  oapt.  harbt  taylob,  gobps  of  enoineebs. 

United  States  Enginebb  Office, 

Seattle,  Wash.,  December  11, 1897. 

Oenebal:  I  have  the  honor  to  submit  the  following  report  of  a  sur- 
vey of  the  "Skagit  River  from  mouth  to  the  town  of  Sedro,  Wash.,'' 
made  in  compliance  with  the  river  and  harbor  act  of  June  3, 1896,  and 
assigned  to  my  charge  by  your  letter  of  September  5,  18!)6. 

The  Skagit  Riv^r,  which  is  the  largest  river  in  western  Washington, 
rises  in  the  Cascade  Uange  of  mountains  in  British  Columbia,  and, 
flowing  in  a  general  southwesterly  direction,  crosses  the  international 
boundary  line  into  the  (Jnited  States  about  80  miles  from  the  coast  of 
Bellingham  Bay.  The  part  of  the  river  included  within  the  United 
States  Is  something  over  130  miles  in  length.  Following  the  main  chan- 
nel, the  lengtli  of  river  embraced  within  the  limits  of  the  survey  is 
about  28  miles. 

For  the  first  18  miles  below  Sedro  the  river  at  ordinary  stages  flows 
in  one  channel.  It  then  forks  into  two  branches,  of  which  the  larger, 
the  South  Fork,  flows  in  a  southerly  direction,  and  the  other,  the  North 
Vovkj  in  a  westerly  direction  into  an  arm  of  Puget  Sound,  known  as 
Skagit  Bay.  Each  of  the  two  main  forks  subdivides  into  several 
smaller  forks  that  find  their  way  into  Skagit  Bay  through  separate 
mouths.    None  of  these  various  mouths  are  navigable  at  low  tide. 

The  portion  of  the  river  affected  by  the  tide  depends  upon  the  stage 
of  water  in  the  river.  At  extreme  low  water  in  the  river  the  tide  is 
perceptible  as  far  as  the  town  of  Avon,  a  distance  of  15  miles  from  the 
main  mouth. 

Within  the  territory  of  the  United  States  the  Skagit  liiver  is  joined 
by  several  important  tributaries,  among  which  the  principal  are  the 
Baker  and  the  Sauk.  The  Baker  River,  which  rises  on  the  west  slope  of 
Mount  Baker,  is  joined  at  some  distance  from  the  Skagit  by  the  Hukul- 
him  River,  which  rises  on  the  west  slope  of  Mount  Shuksan.  Mount 
Baker  and  Mount  Shuksan,  as  well  as  several  peaks  around  the  head 
waters  of  the  Skagit  Kiver  in  British  Columbia,  are  covered  with  per- 
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petaal  snow.  The  Sank  Kiyer  rises  in  the  foothills  of  the  Cascade 
Mountains  in  a  rep^ion  where  the  gronnd  is  free  from  snow  but  a  very 
short  time  in  the  late  snmnier. 

The  whole  of  the  Pacidc  Northwest  is  subject  to  a  peculiar  waring 
moist  wind  blowing  off  the  ocean,  usually  from  the  southwest,  which 
is  known  as  the  ^^chinook."  A  chinook  wind  may  occur  at  anytime 
of  the  year  and  may  be  felt  by  a  large  or  small  extent  of  territory  at 
the  same  time.  A  chinook  wind  striking  a  snow  field  causes  the  soot 
to  melt  with  abnormal  rapidity. 

The  condition^  surrounding  the  sources  of  the  Skagit  River  are 
therefore  such  that  a  flood  in  the  lower  river  is  liable  to  occur  almost 
any  day  in  the  year.  A  chinook  wind  will  usually  cause  a  marked 
rise  in  the  lower  river  about  thirty  six  hours  afber  it  begins  to  blov, 
the  amount  of  the  rise  depending  upon  tlie  intensity  and  warmth  of 
the  wind  and  the  amount  of  fresh  snow  upon  the  mountains. 

During  the  year  1896  no  less  than  three  floods  occurred  in  the  Skagit 
*  Biver,  due  to  the  conditions  above  described.  These  occuiTed  in  Jan- 
nary,  June,  and  November.  The  flood  of  January  reached  a  stage  of 
22  feet  above  low  water  on  the  gauge  on  tbe  Great  Northern  Railroad 
Bridge,  6  miles  above  Mount  Vernon;  the  flood  of  June  reached  a  stage 
of  20  feet,  and  that  of  November  a  stage  of  nearly  24  feet  on  the  same 
gauge.  The  elevation  of  the  river  bank  in  the  vicinity  is  21  feet 
above  low  water,  so  that  during  two  of  the  floods  in  1896  the  river 
overflowed  its  banks  above  Mount  Vernon.  Protection  from  these 
overflows  is  one  of  the  principal  objects  which  the  residents  of  the 
Skagit  Valley  desire  to  have  accomplished  by  the  improvement  of  the 
river. 

The  Skagit  Biver  is  navigable  at  all  stages  of  the  river  and  tide  from 
its  mouth  to  Mount  Vernon,  a  distance  of  II  miles,  and  at  all  stages, 
except  extreme  low  water,  it  is  navigable  to  Avon,  3  miles  above  Mount 
Vernon.  During  extreme  high  water  boats  in  past  years  have  ascended 
the  river  as  far  as  ^'The  Portage,''  which  is  said  to  be*95  miles  from  the 
mouth.  During  ordinary  high  water  boats  can  go  as  far  as  Sauk  Biver, 
which  is  said  to  be  6<S  miles  from  the  mouth,  but  at  present  they  rarely 
go  above  Lyman,  which  is  about  36  miles  frt»m  the  mouth  of  the  river. 

The  regular  navigation  of  the  river  is  small  in  amount,  being  con- 
fined  to  one  boat  making  triweekly  trips  between  Seattle  and  Avod, 
but  the  result  of  this  navigation  is  important  in  the  regulation  of  traas- 
portatiou  rates.  During  the  higher  stages  of  the  river  large  rafts  of 
logs  are  towed  down  from  the  upper  river,  and  on  high  tides  small  boats 
and  scows  navigate  many  of  the  sloughs  or  branches  of  the  lower  river 
and  take  out  large  quantities  of  grain,  so  that  the  aggregate  of  the 
navigation  is  of  considerable  magnitude  and  importance. 

The  chief  obstructions  to  navigation  in  the  lower  river  are  the  snags 
which  accumulate  with  every  freshet.  Between  Mount  Vernon  and 
Avon  there  is  one  bar  which  prevents  navigation  at  the  extreme  low 
water. 

Between  Avon  and  Sedro  there  are  three  bars  or  riffles,  which  can  not 
be  crossed  except  at  the  higher  stages  of  the  river.  In  front  of  the 
delta,  formed  by  the  mouths  of  the  Skagit  Biver,  are  extensive  tide  fiats, 
bare  at  low  water.  The  waters  of  the  river,  as  soon  as  they  are  outside 
the  high-tide  line,  spread  out  over  these  tide  fiats  in  many  ill  defined 
and  changeable  channels.  Boats  can  cross  these  tide  fiats  and  enter 
the  river  only  when  the  tide  is  at  or  above  half-tide  stage. 

The  improvement  of  the  Skagit  Biver,  which  is  of  the  greatest  impor 
tance  to  navigation,  is  the  improvement  which  has  been  carried  on  for 
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a  namber  of  years  past,  viz,  removing  the  suags  which  lodge  in  the 
river  channel.  For  this  purpose  a  snag  boat  has  been  provided,  which 
works  on  the  Skagit  Elver  and  other  rivers  flowing  into  Paget  Sound, 
where  the  conditions  are  much  the  same  as  on  the  Skagit.  But  on 
account  of  the  larger  size  of  the  Skagit  Biver,  the  greater  number  of 
snags,  and  the  greater  interests  involved  the  principal  part  of  the  snag 
boat's  time  when  in  commission  has  been  spent  on  this  river. 

The  first  snag  boat  was  built  in  1882.  From  that  time  until  the  act 
of  June  3, 1896,  was  passed  the  appropriations  provided  for  operating 
the  boat  were  so  small  that  she  could  not  be  operated  more  than  a  small 
part  of  each  year,  and  the  time  she  was  in  commission  was  only  sufficient 
to  enable  her  to  remove  the  worst  obstructions  which  were  in  the  actual 
steamboat  channels  and  rendered  navigation  hazardous.  During  her 
fourteen  years  of  service  the  boat  had  also  become  rotten  and  weak,  so 
that  great  care  had  to  be  taken  in  using  her.  The  appropriation  of 
June  3, 1896,  was  sufficient  to  permit  of  rebuilding  the  snag  boat,  and 
providing  some  additional  appliances  which  experience  had  demon- 
strated were  necessary,  and  to  permit  of  operating  her  continuously 
throughout  the  past  year.  With  this  boat  there  have  been  removed  from 
the  Skagit  River,  since  she  was  put  in  commission  in  December,  1896, 
after  rebuilding,  a  total  of  2,745  snags,  ranging  in  diameter  from  8  inches 
to  10  feet,  and  averaging  about  30  feet  in  length,  and  513  leaning  trees, 
which  were  threatening  to  fall  in  and  become  obstructions,  have  been 
cut  from  the  banks  and  disposed  of.  In  addition  to  the  above,  several 
jams  were  broken  up  so  that  the  bulk  of  them  floated  off.  It  is,  I 
believe,  admitted  by  all  who  are  acquainted  with  the  river  that  it  had 
never  been  in  so  good  a  condition  for  navigation  as  it  was  in  the  early 
part  of  November,  1897.  On  the  18th  and  19th  of  November,  1897,  a 
freshet  occurred  which  left  several  bad  jams  in  the  river.  The  snag 
boat  was  on  the  river  at  the  time  of  this  freshet  and  immediately 
commenced  work  on  these  jams. 

During  the  past  year  almost  the  entire  time  of  the  snag  boat  has  been 
given  to  the  Skagit  Eiver  and  but  a  small  part  to  all  the  other  rivers 
included  in  the  appropriation  for  "improving  Puget  Sound  and  tribu- 
tary waters."  It  is  possible  that  another  snag  boat  may  be  needed  in 
order  that  the  entire  time  of  one  may  be  devoted  to  the  Skagit  liiver, 
or  both  be  employed  in  cases  of  emergency,  and  the  other  be  used  on 
the  other  rivers  needing  improvement.  A  few  months'  more  work  with 
the  one  will  settle  this  question  conclusively. 

I  have  carefully  considered  the  advantages  to  navigation  to  be  derived 
by  other  methods  of  improvement,  such  as  dredging,  dike  building,  revet- 
ting the  banks,  and  straightening  the  river,  and  have  been  forced  to  the 
conclusion  that  they  are  not  sufficient  to  justify  the  expense. 

Dredging  could  be  expected  to  benefit  navigation  only  at  the  mouth 
of  the  river,  as  the  depth  of  water  from  a  short  distance  inside  the 
mouth  to  Mount  Vernon  is  ample,  and  above  Mount  Vernon  the  charac- 
ter of  the  river  and  navigation  are  such  that  it  is  impracticable  to 
benefit  navigation  by  that  means.  If  a  channel  were  dredged  from 
deep  water  inside  the  mouth  to  deep  water  outside,  boats  could  then 
enter  and  leave  the  river  independent  of  the  tide,  so  that  they  could 
run  on  a  fixed  time-table.  But  aside  from  their  more  regular  hours  of 
leaving  I  do  not  believe  any  material  advantage  would  result.  It  would 
not  result  in  the  lowering  of  rates  nor  the  increase  of  business,  unless, 
possibly,  a  slight  increase  in  the  passenger  business,  which  is  a  snuill 
and  unimportant  part  of  the  whole.  There  is  now  one  boat,  wliich  is 
supposed  to  run  according  to  a  time-table  varying  with  the  tide,  but 
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constracted  at  the  mouth  of  the  river  was  the  cause  of  the  shoaling  of 
the  different  mouths,  and  consequently  is  to  blame  for  the  overflows  of 
the  Skagit  Valley. 

As  nearly  as  I  can  ascertain,  the  following  is  the  history  of  the  Skagit 
Kiver: 

The  bottom  land  along  the  lower  partof  the  Skagit  Eiver  was  formerly 
covered  with  a  body  of  very  large  and  fine  cedar  trees.  The  mills  on 
Puget  Sound  formed  a  ready  market  for  the  timber,  which  was  cut  into 
logs  and  shingle  bolts.  These  conditions  early  attracted  settlers  to  the 
Skagit  Biver  bottom.  As  the  land  was  cleared  of  the  timber  it  was 
found  to  be  exceedingly  rich  and  fertile,  but  much  of  it,  however,  was 
marshy  and  swampy.  The  money  obtained  from  the  cutting  of  the  tim- 
ber was  used  for  clearing  the  land  and  protecting  it  with  dikes.  At  tirst 
it  was  necessary  only  to  build  low  dikes,  as  the  Hoods  did  not  attain  a 
great  height  in  the  lower  river. 

In  the  early  days  what  is  known  as  the  Old  Main  River  was  the 
principal  outlet  of  the  Skagit  Kiver.  It  is  reported  that  in  the  early 
days  boats  drawing  10  to  12  feet  could  easily  navigate  this  branch  as 
far  as  Fir,  about  5  miles  up  from  the  mouth.  Prior  to  1879  a  log  jam, 
which  was  nearly  a  mile  in  length  and  almost  completely  covered  the 
river,  existed  near  where  the  present  town  of  Mount  Vernon  is  located. 
During  freshets  this  jam  obstructed  the  free  flow  of  water  and  caught 
all  logs  and  drift.  The  obstruction  caused  by  this  jam  to  the  free  flow 
of  the  flood  waters  prevented  the  low  lands  farther  down  the  river  from 
being  flooded,  but  it  caused  the  flooding  of  the  entire  country  known 
as  the  Olympia  and  Beaver  Marsh  country,  to  the  west  of  the  Skagit 
Kiver,  between  the  present  location  of  the  town  of  Avon  and  Padilla 
Bay. 

About  the  year  1879  the  Mount  Vernon  logjam  was  cut  by  private 
enterprise.  After  it  was  cut  up  the  greater  part  of  it  went  out,  and, 
from  what  I  have  been  able  to  learn,  much  of  the  drift  which  was  floated 
out  from  this  jam  lodged  in  what  was  then  the  main  steamboat  channel, 
Old  Main  Kiver,  and  completely  closed  it.  Since  the  breaking  up  of 
the  log  jam  and  the  construction  of  dikes  in  the  river,  confining  the 
waters  of  the  river  and  preventing  them  to  a  very  great  extent  from 
spreading  over  the  adjacent  country,  the  floods  in  the  lower  river  have 
naturally  increased  in  height.  The  country  to  the  west  of  Avon,  how- 
ever, has  been  to  a  very  great  extent  reclaimed,  and  now  contains  many 
of  the  richest  and  most  valuable  farms  in  the  State  of  Washington. 

In  order  to  facilitate  the  log  business  on  the  Skngit  River,  a  boom 
company  was  organized  and  commenced  operations  in  the  lower  river 
about  the  year  1882.  The  boom  was  first  put  in  what  was  known  as 
Tom  Moores  Slough,  where  it  remained  for  about  two  years.  At  the 
end  of  that  time  Tom  Moores  Slough  was  so  filled  up  that  logs  could 
not  be  rafted  through  it.  From  Tom  Moores  Slough  the  boom  was 
moved  to  what  is  known  as  Freshwater  Slough,  from  Freshwater  Slongh 
to  Deep  Slongh,  and  from  Deep  Slough  to  Log  Slough.  At  the  time  the 
boom  was  moved  from  one  slough  to  another  each  slough  in  turn  was  a 
navigable  slough  or  entrance  to  the  river,  and  each  in  turn  filled  up  with 
drift  so  as  to  prevent  boats  from  passing  through  it.  The  one  naviga- 
ble slough  which  is  now  left  is  known  as  Steamboat  Slough.  The  booms 
may  have  helped  the  shoaling  of  the  various  sloughs  in  which  they  were 
located,  but,  judging  from  the  results  of  the  recent  flood,  such  shoaling 
would  have  been  brought  about  by  natural  causes,  whether  the  booms 
were  there  or  not. 

It  appears,  therefore,  that  each  of  these  several  sloughs  has  been 
navigated,  and  that  in  each  the  boom  was  placed  and  soon  after  the 
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placing  of  the  boom  the  slongh  became  niinavigable;  but  it  does  not 
appear  that  all  of  these  sloaghs,  or  more  thau  one  of  them,  for  that 
matter,  were  navigable  at  any  one  time.  I  have  been  informed  bv  i:n 
old  settler  on  the  river  that  when  he  first  came  there  Steamboat  Sloogli 
was  so  small  that  a  rowboat  could  not  be  rowed  through  it.  Itba!>eat 
out  and  enlarged  to  its  present  size  since  the  former  navigable  channels 
closeil  up.  At  the  present  time  Steamboat  Slon^h  forms  a  good  iiavi 
gable  channel.  If  all  of  the  sloughs  were  opened  so  as  to  afford  Iree 
exit  to  the  waters,  it  would  be  but  a  short  time  before  they  woald  be 
closed  up  so  that  none  of  them  would  be  navigable. 

In  my  opinion,  the  only  manner  in  which  the  farmers  of  the  Ska<:it 
Valley  can  get  relief  from  the  disastrous  freshets  which  visit  them  is 
by  a  proi>er  system  of  diking.  The  State  law  is  very  full  and  expliWt 
in  regard  to  diking.  It  fully  provides  for  the  formation  of  diking  dis 
tricts,  the  appointment  of  dike  commissioners  who  shall  have  charge 
of  all  matters  relating  to  the  dikes,  the  assessment  and  coUectiou  rf 
taxes  and  all  other  matters  pertaining  to  the  subject  of  dikes.  I  an 
of  the  opinion  that  the  greater  part  of  the  trouble  on  the  Skagit  Kirei 
is  due  to  the  incomplete  system  of  dikes.  The  river  is  divided  into 
several  diking  districts,  but  I  do  not  understand  that  any  one  general 
and  systematic  plan  tor  the  construction  of  dikes  for  the  lower  river  has 
ever  been  agreed  upon.  In  some  places  the  dikes  seemed  to  be  unneces^ 
sarily  high,  in  others  dangerously  low,  and  in  a  good  many  places  they 
are  weak  and  thin  and  for  long  distances  they  are  entirely  too  near  the 
river  banks.  The  placing  of  the  dikes  so  near  the  river  banks  confines 
the  waters  so  much  that  at  times  of  freshets  an  abnormal  rise  is  pro- 
duced, and  it  also  exposes  the  dike  to  the  swift  current,  which  soufi 
washes  it  away.  Tiie  greater  part  of  the  breaks  in  the  dikes  along  tbe 
Skagit  River  within  the  past  two  or  three  years  have  been  due  to  tbL« 
cause,  or  to  the  fact  that  the  dike  was  so  near  the  bank  of  the  river 
that  the  bank  gave  out  underneath  and  actually  tumbled  the  dike  iuto 
the  river.  It  appears  to  me  that  the  proper  solution  of  this  pit>bIeB 
requires  the  formation  of  the  entire  part  of  the  Skagit  Valley  needin*: 
dike  protection  into  a  single  diking  district  and  the  appointment  of  > 
competent  experienced  civil  engineer  to  take  entire  charge  of  the  buiW^ 
ing  and  maintenance  of  all  the  dikes  on  the  river. 

On  the  18th  and  19th  of  November  the  Skagit  River  was  visitetl  by 
the  greatest  freshet  in  the  history  of  the  river.  It  has  been  claiiw^ 
that  had  the  different  mouths  of  the  river  been  opened  up  the  watesP 
of  this  freshet  would  not  have  risen  as  high  as  in  previous  years  aD<l 
that  they  would  have  run  off  much  sooner  than  they  actually  did.  TbiJ 
freshet  was  caused  by  a  Chinook  wind  of  unusual  warmth  and  intensity 
striking  a  large  amount  of  freshly  fallen  snow,  and  the  results  were  feli 
over  the  entire  State  of  Washington,  the  northern  part  of  Idaho,  ami 
the  western  part  of  Montana.  Not  only  was  the  Skagit  River  tlK 
highest  ever  known,  but  all  of  the  other  rivers  of  Washington  reachd 
an  unusual  height.  The  Skykomish  Kiver  rose  many  feet  higher  tbaa 
ever  before,  the  Kootenai  River,  in  Montana, rose  22  feet  in  twenty  foof 
hours,  and  the  Clearwater  River,  in  Idaho,  reached  a  point  higher  thtf 
has  been  known  at  the  same  season  of  the  year  since  1S02. 

The  Everett  and  Monte  Cristo  Railroad,  running  from  Everett  np  tbe 
Stillaguamish  River  to  the  Monte  Cristo  mines,  was  practically  wip^ 
out  of  existence  for  a  distance  of  30  miles.  The  Great  Northern  KaO 
road  was  damaged  so  that  it  was  two  weeks  before  any  trains  ooolti 
run,  and  the  Northern  Pacific  Railroa<l  was  damaged  more  or  less  at 
both  its  Cascades  divisions  and  Portland  divisions. 

The  town  which  suffered  the  most  in  proportion  to  its  size  of  anj  oa 
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the  Skagit  Eiver  was  tbe  town  of  Hamilton,  wbich  is  so  far  np  the 
river  tbat  no  possible  opening  of  the  mouths  of  the  river  coald  have 
had  any  effect  on  tbe  height  of  the  water  at  that  place. 

From  the  extent  of  the  floods  and  the  damage  caased  in  other  places 
it  is  very  evident  tbat  no  amount  of  opening  out  of  tbe  mouths  of  the 
Skagit  liiver  would  have  prevented  the  floods  in  this  river.  As  a 
matter  of  fact  tbe  most  disastrous  breaks  in  tbe  dikes  of  tbe  Skagit 
River  were  in  tbe  vicinity  of  Mount  Vernon,  some  12  miles  from  tbe 
mouth  of  tbe  river  and  too  far  to  derive  any  benefit  from  the  opening 
of  the  mouths  of  the  river,  and  the  higher  up  the  river  one  goes  the 
greater  the  freshet  appears  to  have  been.  At  Sauk  River,  GS  miles  from 
the  mouth,  tbe  water  reached  a  stage  G  feet  8  inches  above  the  freshet 
of  November,  1896;  at  Lyman,  32  miles  below  Sauk  River,  it  was  2  feet 

9  inches  above  last  year's  flood ;  at  Sedro,  8  miles  below  Lyman,  it  was 
1  foot  G  inches,  while  in  the  vicinity  of  Mount  Vernon  it  was  but  about 

10  inches  above  last  year's  flood. 

In  addition  to  clearing  the  mouths  of  the  river,  it  is  desired  to  have 
channels  dredged  out  across  the  tide  flats  to  deep  water,  so  as  to  take 
tbe  water  off  more  rapidly. 

The  Skagit  River  delta  is  nearly  8  miles  wide.  Along  this  delta  the 
river  empties  into  Skagit  Bay  through  a  dozen  or  more  mouths.  The 
cost  of  dredging  a  channel  from  each  of  these  mouths  would  be  tre- 
mendous, and  a  channel  dredged  from  any  one  of  them  would  ineresise 
in  so  insignificant  a  proportion  the  avaibible  high  water  outlets  tbat  its 
effect  would  not  be  noticeable.  As  shown  above  in  this  report,  to 
dredge  even  a  small  channel  suitable  for  navigation  would  cost  a  large 
sum  of  money,  and  to  dredge  a  channel  which  woald  carry  off  the 
wateis  of  a  large  river  would  certainly  be  a  Herculean  undertaking, 
^ior  does  it  appear  from  a  study  of  the  high -water  levels  tbat  even 
if  a  channel  large  enough  to  carry  the  whole  river  were  dredged  from 
the  mouth  of  Steamboat  Slough  to  deep  water  the  high  water  level 
would  be  lowered  so  as  to  produce  any  great  benefit.  The  level  of  the 
water  in  the  freshet  of  November,  1890,  at  the  Mount  Vernon  Bridge, 
as  shown  by  tbe  marks  on  the  bank,  was  36.2  feet  above  extreme  low 
water  in  Skagit  Bay,  or  about  20  feet  above  extreme  high  water  in 
Skagit  Bay.  From  this  point  there  was  a  nearly  uniform  slope  for  1^ 
miles,  in  which  distance  tbe  river  fell  1.2  feet,  or  at  the  rate  of  eight- 
tenths  of  a  foot  per  mile.  There  was  then  a  drop  of  2.6  feet  in  2,000, 
or  at  tbe  rate  of  0.8  feet  per  mile.  This  was  probably  due  to  breaks  in 
the  dikes.  For  the  next  6^  miles  there  was  a  nearly  uniform  slope  of 
1.8  feet  per  mile;  then  a  drop  of  3.8  feet  in  5,800  feet,  or  at  the  rate  of 
about  3|  feet  per  mile.  From  this  point  to  the  mouth  of  the  river,  about 
3  miles,  there  was  a  total  drop  of  only  about  1  foot.  At  the  mouth  of 
the  river  the  flood  level  was  practically  identical  with  extreme  high 
water  in  Skagit  Bay. 

While  dredging  might  possibly  increase  the  slope  of  the  flood  water 
for  a  short  distance  back  from  the  mouth  at  low  tide,  I  do  not  see  how 
it  could  be  of  much  benefit  during  high  tides.  If  dredging  woufd  pre- 
vent the* tide  rising  in  the  river  it  would  be  of  some  benefit  to  dredge, 
but  as  long  as  it  does  not  do  this,  it  does  not  appear  that  the  dredging 
would  do  much  good,  for  no  matter  what  might  be  the  slope  of  the  water 
sarface  in  the  river  during  low  tide,  at  high  tide  the  slopes  and  heights 
would  be  the  same  as  they  are  now.  As  a  matter  of  fact  the  highest 
water  near  tbe  mouth  of  tbe  river  is  caused  by  spring  tides,  regardless 
of  the  stage  of  the  river.  The  height  of  these  tides  can  be  counted  on 
with  considerable  certainty,  and  the  dikes  are  built  high  enough  to 
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SURVEY  OF  OKANOGAN  RIVER,  WASHINGTON. 
IPrinted  in  Houne  Doo.  No.  211,  Fifty-fifth  Congress,  second  session.] 

Office  of  the  Chief  of  Engineers, 

United  States  Army,    . 
Wa^hingtonj  D.  C\,  January  7, 1898. 

Sir:  I  have  the  honor  to  submit  the  accompanying  report  of  Decem- 
ber 18, 1897,  with  map,*  by  Gapt.  Harry  Taylor,  Corps  of  Engineers,  of 
the  results  of  a  survey  of  Okanogan  l^iver,  Washington,  made  to  com- 
ply with  requirements  of  the  river  and  harbor  act  of  June  3,  1896. 

The  improvement  proposed  by  Captain  Taylor  contemplates  rock 
removal,  construction  of  wing  dams,  and  snagging,  at  an  estimated 
cost  of  $30,000,  to  permit  navigation  from  the  mouth  of  the  river  to  the 
international  boundary  line  at  all  times  of  the  year  except  during 
extreme  low  water. 

.  In  transmitting  his  report  Captain   Taylor  expresses  the  opinion 
that  the  proposed  improvement  is  a  worlhy  one  and  is  justified  by  the 
interests  of  commerce  involved.    His  views  are  concurred  in  by  Col. 
Charles  R.  Suter,  Corps  of  Engineers,  Division  Engineer. 
Very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Oen.^  Chief  of  Engineers^ 

If.  8.  Army. 
Hon.  R.  A.  Alger, 

Secretary  of  War. 


report  of  CAPT.  harry  TAYLOR,  CORPS  OP  ENGINEERS. 

United  States  Engineer  Office, 

Seattle,  Wash.,  December  18^  1897. 

General  :  I  have  the  honor  to  submit  the  following  report  t  of  a  sur- 
vey ot  the  Okanogan  Kiver,  Washington,  made  in  compliance  with  the 
river  and  harbor  act  of  June  3, 189G,  and  assigned  to  my  charge  by  your 
letter  of  September  5, 1896. 

The  sources  of  the  Okanogan  Eiver  are  in  British  Columbia.  It 
crosses  the  international  boundary  line  through  Osoyoos  Lake  into  the 
State  of  Washington  in  longitude  119^  25'  west  of  Greenwich,  l^roni 
this  point  it  flows  in  a  general  southerly  direction  to  its  confluence  with 
the  Columbia  River.  The  length  of  the  Okanogan  River  within  the 
United  States  is  nearly  87  miles.  The  point  of  its  junction  with  the 
Columbia  River  is  66  miles  above  Wenatchee,  a  town  on  the  Great 
Northern  Railroad.  The  Columbia  River  from  VVenatchee  to  the  mouth 
of  the  Okanogan  is  navigated  throughout  the  greater  part  of  the  year. 
The  Okanogan  River  has  been  navigated  from  the  Columbia  to  the  inter- 
national boundary  line  during  high  water,  and  the  lower  part  of  the 
Okanogan  River  is  regularly  navigated  for  about  four  mouths  in  the 
year,  daring  the  summer  high  water. 

*  Not  reprinted.    Printed  in  House  Doc.  No.  211,  Fifty-fifth  Congress,  second  session. 
t  AH  illustrations,  except  index  map,  omitted. 
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The  valley  immediately  adjoiDing  the  Okanojran  River  ranges  from 
1  to  4  miles  in  width.  Its  soil  is  generally  a  light,  sandy  loam,  growing 
sagebrush  and  bunch  grass  without  irrigation,  and  when  irrigated  pro- 
duces most  abundant  crops  of  hay,  fruit,  and  vegetables. 

The  land  on  the  east  side  of  the  river  for  its  entire  length  belongs  to 
the  Colville  Indian  Reservation.  The  north  half  of  this  reservation 
has  recently  been  opened  up  to  mining  locations,  and  some  very  good 
claims  have  been  developed,  although  the  majority  of  them  have  not 
been  worked  to  any  great  extent.  The  south  half  of  the  reservation  is 
inhabited  only  by  Indians.  These  Indians  are  rather  more  thrifty  than 
the  average  Indian,  doing  considerable  farming  and  owning  several 
small  bands  of  cattle  and  horses. 

The  land  on  the  west  side  of  the  river  is  practically  all  taken  up,  bat, 
owing  to  the  country  being  new  and  a  great  deal  of  it  not  having  been 
surveyed  by  the  Oovernment  and  the  general  depression  of  the  times, 
the  settlers  have  not  been  able  in  many  instances  to  make  much  improve- 
ment on  their  places.  There  are,  however,  a  number  of  fine  rancbes 
along  the  shores  of  the  Okanogan  River,  and  the  ranchers  seem  to  be 
thrifty  and  their  bands  of  stock  improving.  With  better  transporta- 
tion facilities  they  will  be  classed  among  the  most  prosperous  farmers 
in  the  State  of  Washington. 

At  an  elevation  o^  from  300  to  500  feet  above  Okanogan  Biver  there 
are  several  fine  benches  of  slightly  rolling  table-lands,  ranging  in  size 
from  a  few  thousand  acres  to  probably  50,000  acres.  Upon  these 
benches  are  a  number  of  fine  ranches,  but  a  large  portion  of  them  are 
not  farmed  on  account  of  the  scarcity  of  water  for  irrigation.  Where 
these  benches  are  not  farmed  they  produce  an  abundant  growth  of 
bunch  grass  and  support  large  herds  of  cattle,  horses,  and  sheep.  Tbe 
stock  range  in  the  Okanogan  country  is  pi'obably  as  good  as  any  in  the 
State  of  Washington,  and,  averaging  from  15  to  50  miles  on  each  side 
of  the  river,  gives  ample  range  for  many  thousand  head  of  stock.  It  is 
stated  by  the  settlers  there  that  the  winters  are  so  mild  that  horses  are 
seldom  ever  taken  from  the  ranges  and  fed,  and  that  only  during  the 
harder  winters  are  the  cattle  taken  in  and  fed,  and  then  from  not  to 
exceed  six  weeks  to  two  months. 

The  principal  towns  getting  their  supplies  from  steamboat  transporU^ 
tion  on  the  Okanogan  River  are  Ruby  and  Concunnlly,  which  are  tril^ 
utary  to  the  lower  river,  and  Loomiston,  Oro,  and  Oolden,  on  the  uppff 
portion  of  the  river.  The  towns  on  the  upper  river  are  compelled  te 
freight  their  supplies  by  wagon  from  20  to  35  mi{ps  to  Okanogan  Citj* 
which  is  the  present  head  of  ordinary  navigation. 

Almost  all  over  the  Okanogan  country,  for  a  distance  of  40  miles  oo 
either  side  of  the  river  are  mining  camps  which  get  their  supplies  froa 
these  towns,  the  supplies  being  brought  in  during  the  season  of  na^ 
gation,  which  exists  during  the  high  stages  of  water  in  April,  Maji 
June,  and  July.  In  addition  to  the  mining  camps  on  the  American  side 
of  the  line,  there  are  several  on  the  British  Columbia  side  which  g^ 
their  supplies  from  the  stores  on  the  American  side. 

It  is  claimed  by  mining  men  in  that  locality  that  if  they  could  be  sore 
of  transportation  from  Okanogan  City  to  connect  with  the  Golambi^ 
River  steamers,  even  for  eight  or  nine  months  in  the  year,  that  the  ship- 
ment of  concentrates  alone  would  keep  a  good  steamboat  running,  even 
under  the  present  conditions.  There  is  considerable  ore  shipped  froo 
the  Okanogan  country  during  the  higher  stages  of  water,  and  when  it 
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is  possible  for  a  Golambia  Eiver  steamboat  to  enter  tbe  Okanogan  Eiver 
^  she  is  taxed  to  the  utmost  with  freight  and  passengers  for  the  head  of 
I  navigation.  It  is  stated  that  fully  75  per  cent  of  the  freight  carried  on 
i  the  Columbia  from  Weuatchee  is  consumed  in  the  Okanogan  country, 
i  and  that  the  greater  portion  of  the  passenger  business  is  to  and  from 
the  towns  or  mining  camps  in  this  valley. 

The  Okanogan  River  has  a  general  width  throughout  its  entire  length 
of  from  300  to  400  feet,  and  as  a  rule  has  a  depth  sufficient  for  light- 
draft  navigation  throughout  the  entire  year.  There  are,  however,  a 
V  number  of  rapids  upon  which  the  water  is  shoal,  and  in  a  number  of 
places  also  the  river  is  obstructed  by  sunken  rocks.  The  total  fall  of 
the  Okanogan  Eiver  from  the  international  boundary  line  to  its  mouth 
in  the  Columbia  is  164  feet,  making  an  average  of  less  than  2  feet  per 
mile. 

About  7J  miles  from  the  boundary  line  tbe  Okanogan  is  joined  by 
the  Similikameen  Eiver,  which  has  a  volume  of  water  nearly  equal  to 
that  of  the  Okanogan.  From  this  point  to  its  mouth  in  the  Columbia 
the  Okanogan  is  not  joined  by  any  stream  of  importance,  so  that  its 
volume  is  but  little  increased  from  the  time  it  leaves  its  junction  with 
the  Similikameen  to  its  mouth. 

The  present  head  of  ordinary  navigation  on  the  Okanogan  Eiver  is 
Okanogan  City,  43  miles  above  its  mouth.  Above  this  point  there  are 
but  seven  rapids  which  need  improvement  to  render  the  river  naviga- 
ble to  the  boundary  line  at  all  ordinary  stages  of  water.  The  worst 
obstruction  on  the  river,  however,  is  located  but  7  miles  above  this 
])oint.  This  obstruction  is  what  is  known  as  McLaughlins  Falls,  where 
the  river  runs  over  a  submerged  ledge  of  rock  which  forms  a  dam  across 
the  river,  backing  it  up  and  giving  it  a  nearly  vertical  drop  immediately 
below  the  rocks  of  about  4  feet. 

Just  above  McLaughlins  Falls  the  river  makes  a  sharp  turn  to  the 
right  and  then  turns  again  to  the  left.  At  the  point  where  the  river 
turns  to  the  right  there  is  a  high-water  channel  which  leaves  the  river 
and  enters  it  again  below  the  falls.  The  distance  across  the  neck  of 
land  following  the  line  of  the  high-water  channel  is  but  about  400  feet, 
while  it  is  about  2,600  feet  aroutid  by  the  low- water  channel.  If  a  chan- 
nel were  cut  across  this  neck  of  land  it  would  lower  the  river  above  and 
make  a  more  gradual  slope,  and  as  the  water  above  the  falls  for  some 
3  or  4  miles  is  quite  deep,  the  lowering  of  the  water  surface  to  the 
extent  required  would  not  cause  any  obstruction.  It  is  estimated  that 
the  improvement  at  McLaughlins  Falls  can  be  made  by  the  removal  of 
4,000  cubic  yards  of  rock,  at  a  cost  of  $1.50  per  cubic  yard. 

In  addition  to  this  there  are  about  900  cubic  yards  of  submerged  rock 
between  Okanogan  City  and  the  international  boundary  line  which  it 
would  be  necessary  to  remove  and  500  feet  of  wing  dam  to  be  built.  In 
the  upper  part  of  the  river,  below  Osoyoos  Lake,  there  are  also  quite  a 
number  of  snags  which  should  be  removed. 

Below  Okanogan  City  there  are  15  rapids  or  shoals  which  need  im- 
provement. The  improvement  needed  at  each  of  these  places,  however, 
is  small,  generally  consisting  of  the  removal  of  a  few  submerged  rocks 
and  the  building  of  a  short  wing  dam.  It  is  estimated  that  all  of  the 
im])rovement  required  on  the  river  below  Okanogan  City  could  be  made 
by  the  removal  of  about  1,100  cubic  yards  of  submerged  rocks  and  bowl- 
ders and  the  construction  of  about  5,0<H)  linear  feet  of  wing  dam. 

The  estimated  cost  of  the  improvement  of  the  Okanogan  Eiver,  so  as 
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to  permit  navigation  from  the  Columbia  Ei  ver  to  the  international  bonnd- 
ary  line  at  all  times  of  the  year  except  daring  extreme  low  water,  is  as 
follows: 

Removing  4,000  oahic  yards  rock,  at  $1.50 $6,000 

Removing  2,000  onbic  yards  anbrnerged  rock,  at  $3 6, 000 

Bnilding  5,500  linear  feet  wing  dam,  at  $2,60 13,730 

Snagging 2,000 

Engineering,  contingencies, eto 2,250 

Total 30,000 

Very  respectfully,  your  obedient  servant, 

Harry  Taylor, 
Captaifiy  Corps  of  Engineers. 
Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineers^  U.  S.  A. 

m 

[First  indorsement.] 

U.  S.  Engineer  Office,  Pacific  Division, 

San  FranmscOj  CaL,  December  27 ^  1897. 

Respectfully  forwarded  to  the  Chief  of  Engineers,  United  States 
Army. 
I  concur  in  the  views  of  the  district  officer. 

Ghas.  R.  Suter, 
Colonel  of  Engineers^  Diviswn  Engineer, 
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SURVEY  OF  PEND  OREILLE  RIVER,  FROM  ITS   SOURCE  AT  LAKE  PEKD 
OREILLE.  IDAHO,  TO  THI":  TOWN  OF  METALLINE,  WASH. 

[Printed  in  House  Doc.  No.  235,  Fifly-flfth  Congress,  second  session.] 

Office  of.  the  Ghief  of  Engineers, 

United  States  Army, 
Washington^  D.  (7.,  January  14, 1898, 

Sir:  I  have  the  honor  to  submit  the  accompanying  report  of  Deceio- 
ber  28,  18D7,  with  maps,*  by  Gapt.  Harry  Taylor,  Gorps  of  Engineers,  of 
the  results  of  a  survey  of  Pend  Oreille  River  from  its  source,  at  Lake 
Pend  Oreille,  Idaho,  to  the  town  of  Metalline,  Wash.,  made  to  comply 
with  the  requirements  of  the  river  and  harbor  act  of  June  3,  1896. 

The  upper  part  of  this  river,  between  Lake  Pend  Oreille  and  month 
of  Priest  River,  has  acliannel  from  500  to  1,000  feet  wide,  with  a  depth  of 
from  25  to  50  feet  at  extreme  low  water.  Five  miles  below  the  month 
of  Priest  liiver  navigation  is  obstructed  by  Albany  Falls,  while  bcloff 
these  falls  the  river  is  navigable  at  extreme  low  water,  for  boats  draw- 
ing less  than  6  feet,  as  far  as  the  Blue  Slide,  a  distance  of  40  mites;  and 
at  a  medium  low  stage  (3  feet  above  extreme  low  water)  it  is  navigable 
for  such  steamers  as  far  as  Box  Ganyou,  a  distance  of  about  60  miles^ 
the  obstructions  in  this  part  of  the  river  consisting  of  sand  and  gravel 
bars  and  isolated  rocks,  but  none  are  of  a  serious  nature. 

The  most  serious  obstructions  to  navigation  of  the  lower  river  are 
found  in  Box  Ganyon,  where  the  river  flows  through  a  narrow  gorge 

*  li(ot  TepiVoAAdi.  YcVclX^Viv'Bati&q  Doo.  No.  235,  Fif%y-fif th  Congress,  second  smuob- 
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3,600  feet  long,  in  which  the  river  passes  over  large  rocks  which  are 
eifectual  barriers  to  navigation  at  low  water.  Below  the  canyon,  as  far 
as  Metalline,  there  is  a  fairly  good  channel  at  aU  seasons  of  the  year, 
and  the  river  is  navigable  for  about  a  mile  and  a  half  below  Metalline 
to  Metalline  Falls,  which  form  the  limit  of  navigation  on  the  lower 
river. 

Captain  Taylor  states  that  above  Albany  Falls  the  river  needs  no 
improvement;  that  to  pass  Albany  Falls  a  lock  would  be  required,  the 
cost  of  which  may  be  roughly  estimated  at  $300,000,  but  that  no 
detailed  estimate  has  been  attempted,  as  there  is  not  the  slightest  rea- 
son for  its  construction;  also,  that  between  Albany  Falls  and  Box 
Canyon  there  are  a  few  isolated  rocks  which  can  be  removed  at  incon- 
siderable expense  and  to  the  great  benefit  of  navigation,  and  that 
by  the  removal  of  certain  submerged  rocks  and  cutting  off  the  worst 
of  the  projecting  points  Box  Canyon  can  be  improved  sufficiently  to 
enable  boats  to  navigate  it  enough  to  bring  out  the  products  of  the 
mines  in  the  vicinity  of  Metalline. 

An  estimate  is  therefore  submitted  for  the  removal  of  12,708  cubic 
yards  of  rock  from  the  river  at  a  cost,  including  contingencies,  of 
$30,000. 

In  his  letter*  transmitting  this  report  to  this  office  Captain  Taylor 
states: 

In  my  opinion  the  proposed  improvement  of  Box  Canyon,  as  outlined  in  my  report, 
is  a  worthy  one  and  is  justified  by  the  interests  of  the  commerce  involved.  The 
improvement  of  the  river  between  Albany  Falls  and  Box  Canyon,  to  the  limited  extent 
of  removing  certain  rocks,  is  also  recommended,  bat  aside  from  this  work  the  inter- 
ests of  commerce  involved  do  not  justify  the  improvement  of  the  river. 

The  views  of  Captain  Taylor  are  concurred  in  by  Ool.  Charles  E. 
Suter,  Corps  of  Engineers,  Division  Engineer. 
Very  resx>ectfully,  your  obedient  servant, 

John  M.  Wilson, 
Brig.  Qen.^  Chief  of  Engineers^ 

U.  IS.  Army. 
Hon.  E.  A.  Algeb, 

Secretary  of  War. 


bepoet  of  oapt.  harey  tayloe,  corps  of  bnginbebs. 

United  States  Engineee  Office, 

Seattle^  Wash.j  December  28^  1897. 

General:  I  haye  the  honor  to  submit  the  following  report  of  a  sur- 
vey of  the  Pend  Oreille  Kiver,  from  its  source  at  Lake  Pend  Oreille, 
Idaho,  to  the  town  of  Metalline,  Wash.,  made  in  compliance  with  the 
requirements  of  the  river  and  harbor  act  of  June  3, 1896,  and  assigned 
to  my  charge  by  your  letter  of  ISei)tember  5, 1890. 

The  Pend  Oreille  Kiver,  which  flows  out  of  the  northwestern  part  of 
Lake  Pend  Oreille,  is  in  reality  only  a  continuation  of  a  stream  flowing 
into  the  northeastern  part,  and  which  is  known  as  the  Clark  Fork  of  the 
Columbia.  Aside  from  the  Clark  Fork  the  streams  flowing  into  the  lake 
are  small,  so  that  the  volume  of  the  Pend  Oreille  below  the  lake  is  but 
little  greater  than  the  volume  of  the  Clark  Fork  above  it. 

Lake  Pend  Oreille  consists  of  two  main  arms,  one  extending  in  a  gen 
eral  easterly  and  westerly  direction  and  the  other  extending  in  a  south- 
erly direction  from  near  the  eastern  end  of  the  east-and-west  arm.    Clark 
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a  depth  of  from  6  to  18  feet,  the  obstructions  consisting  mainly  of  iso- 
lated reefs  and  bowlders  and  small  gravel  bars.  Opposite  the  month 
of  Priest  Eiver  are  several  sand  bars,  but  all  of  these  lie  close  to  the 
right  bank  of  the  river,  while  the  channel  follows  the  left  bank.  None 
of  these  obstructions  interfere  seriously  with  navigation. 

Five  miles  below  the  mouth  of  Priest  Eiver  and  2  miles  above  the 
boundary  line  between  Idaho  and  Washington  are  Albany  Falls,  which 
form  the  only  serious  obstruction  to  navigation  on  that  part  of  the 
river  lying  within  the  State  of  Idaho.  Here  the  river  is  divided  by  a 
rocky  island,  having  an  area  of  5  acres,  the  summit  of  which  rises  <>0 
feet  above  the  water  level.  The  river  banks  consist  of  almost  perpen- 
dicular rock  bluH's  of  about  the  same  height  as  the  summit  of  the 
island.  The  main  channel  of  the  river  flows  between  the  right  bank 
and  the  island,  and  immediately  over  the  falls  is  but  120  feet  wide. 
These  falls  have  a  total  descent  of  G.8  feet,  of  which  6.4  feet  is  within 
a  space  of  100  feet.  The  Great  Northern  Railway  crosses  the  river 
immediately  above  the  falls,  passing  over  the  island  referred  to. 

Below  the  fiills  the  river  is  navigable  at  extreme  low  water  for  boats 
drawing  less  than  6  feet  as  far  as  the  ^'  Blue  Slide,"  a  distance  of  40 
miles.  At  a  medium  low  stage — that  is,  say,  3  feet  above  extreme  low 
water — it  is  navigable  for  such  steamers  as  far  as  Box  Canyon,  a  dis- 
tance of  about  60  miles.  In  this  part  of  the  river  there  are  numerous 
obstructions,  consisting  for  the  most  part  of  sand  and  gravel  bars  and 
isolated  rocks,  but  none  of  a  serious  nature.  The  depth  of  water  in 
the  channel  is  not  less  than  6  feet  at  any  point,  but  the  channel  is  very 
sinuous  and  in  places  extremely  narrow,  particularly  on  the  stretch  of 
river  below  the  "Blue  Slide."  The  current  varies  according  to  the 
locality  and  width  of  the  river,  the  maximum  observed  velocity  being 
6  miles  per  hour. 

The  most  serious  obstructions  to  navigation  on  that  part  of  the  lower 
river  covered  by  the  survey  are  found  in  Box  Canyon,  where  the  river 
flows  through  a  narrow  gorge  3,600  feet  long,  hemmed  in  by  walls  of 
limestone  from  60  to  200  feet  in  height.  At  the  entrance  to  the  canyon 
the  river  is  contracted  to  a  width  of  120  feet,  and  is  but  little  wider  at 
any  point  for  a  distance  of  a  quarter  of  a  mile.  The  current  here  attains 
great  velocity  and  the  depth  of  water  exceeds  60  feet.  About  halfway 
through  the  canyon  the  walls  widen  out  somewhat  and  the  river  is 
divided  by  a  high  rocky  island,  which  almost  blocks  the  canyon  at  this 
point.  On  either  side  of  this  island  the  river  passes  over  large  rocks, 
which  are  effectual  barriers  to  navigation  at  low  water.  Below  the 
island  the  canyon  contracts  again,  although  it  is  not  so  narrow  as  it  is 
at  the  entrance,  nor  is  the  current  so  rapid.  Daring  the  high-water 
period  navigation  would  be  possible  were  it  not  for  the  strong  current 
and  several  projecting  rocks  which  contract  the  river  and  leave  but 
little  room  for  the  safe  and  proper  handling  of  steamboats. 

Below  the  canyon  as  far  as  Metalline  there  is  a  fairly  good  channel 
at  all  seasons  of  the  year.  There  are  numerous  gravel  bars  and  rapids, 
but  none  of  them  form  serious  obstacles.  Below  Metalline  the  river  is 
navigable  for  about  1^  miles,  or  as  far  as  Sullivan  Creek.  Here  the 
river  x)asses  through  another  can^'On,  in  which  are  several  falls,  known 
as  the  Metalline  Falls,  with  an  aggregate  descent  of  probably  26  or  30 
feet.  These  falls  form  the  natural  limit  of  navigation  on  the  lower 
river. 

The  valley  of  the  Pend  Oreille  is  not  over  a  mile  in  width  between 
the  lake  and  Albany  Falls.  A  couple  of  miles  below  the  latter  point  it 
widens  out  a  little,  and  for  a  distance  of  20  miles,  or  as  far  as  Indian 
Creek,  its  average  width  is  2  miles.    From  Indian  Gc^ids.  \:iSs^\>d:«^8L^ 
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there  is  a  wide  stretch  of  low  meadow  land  called  the  Calispell  Valley, 
which  is  from  5  to  15  miles  wide.  Twenty  miles  below  Indian  Creek 
the  mountain  ranges  approach  again,  and  from  here  to  the  mouth  of 
the  river  the  valley  of  the  Pend  Oreille  is  not  over  2  miles  wide. 

There  are  but  two  towns  on  the  river.  One  is  called  Priest  Eiver, 
from  its  location  near  the  mouth  of  that  stream,  in  the  State  of  Idaho. 
The  other  is  Newport,  situated  at  the  boundary  line  dividing  the  States 
of  Idaho  and  Washington.  The  former  has  a  population  of  125  and 
the  latter  about  200  inhabitants.  Both  of  these  towns  are  on  the  hne 
of  the  Great  Northern  Railway.  The  country  tributary  to  the  Pend 
Oreille  is  sparsely  settled,  the  white  population  not  exceeding  700, 
exclusive  of  the  two  towns  above  mentioned.  There  are  also  from  50  to 
100  Indians  of  various  tribes  living  in  the  Calispell  Valley,  where  they 
own  most  of  the  land  lying  along  the  right  bank  of  the  river.  The 
white  inhabitants  are  engaged  in  agriculture  and  mining,  chiefly  the 
former. 

The  products  of  the  farms  consist  for  the  most  part  of  hay  and  iK>ta- 
toes,  in  addition  to  the  various  vegetables  raised  for  domestic  use. 
Stock  raising  is  also  a  considerable  industry. 

The  mines  of  the  locality  yield  lead,  silver,  and  copper  in  quantity 
about  in  the  order  named.  So  far  as  could  be  learned  but  two  mines 
are  being  operated  at  the  present  time.  There  are  also  deposits  of 
bituminous  coal  at  several  points  on  the  lower  river,  but  they  are  too 
far  from  railways  to  make  shipment  profitable.  The  richest  mineral 
camp  in  the  region  is  at  Metalline,  Wa^h.,  wbei*e  large  bodies  of  galena 
exist,  but,  owing  to  the  inaccessibility  of  this  camp,  none  of  the  mines 
are  shipping  ore. 

It  was  stated  that  upward  of  300  locations  had  been  made  here' and 
several  claims  had  been  patented.  The  ore  runs  from  30  to  80  per  cent 
lead  and  is  said  to  be  excellent  for  fluxing  purposes.  The  value  of  the 
ore  of  course  varies  considerably,  running  all  the  way  from  $25  to  $60 
per  ton.  Probably  $40  at  the  smelter  would  be  a  fair  average  value. 
The  cost  of  labor,  tools,  and  powder  is  usually  estimated  at  $5  per  ton. 
Transportation  from  the  upper  end  of  Box  Canyon  to  Newport,  the 
nearest  railroad  point,  is  figured  at  $2  per  ton.  Adding  to  this  $6  for 
transportation  from  Newport  to  the  smelter  at  Everett,  Wash.,  and  $9 
per  ton  for  smelting,  makes  a  total  of  $22  per  ton  a«  the  cost  of  mining 
and  transporting  this  ore  and  converting  it  into  valuable  form. 

As  Metalline  lies  below  Box  Canyon  and  is  hemmed  in  on  all  sides  by 
r^lTRod  and  precipitous  mountains,  it  is  practically  impossible  at  the 
present  time  to  get  this  ore  out  except  at  prohibitive  cost.  It  is  believed 
that  if  Bex  Canyon  were  improved  by  the  removal  of  the  worst  of  the 
submerged  rocks  and  points  projecting  from  the  canyon  walls,  so  that 
steamers  could  pass  through  the  canyon  with  safety,  the  export  of  the 
product  of  this  camp  would  be  profitable. 

The  ordinary  commercial  and  shipping  interests  of  the  locality  would 
not  justify  the  large  expenditure  that  would  be  required  by  a  ])roject 
for  the  general  improvement  of  the  river.  The  steamer  lied  Cloud  is 
the  only  steamboat  on  the  river  at  this  time,  doing  a  general  local  freight 
and  passenger  business  between  Newport  and  lone.  But  two  steamers, 
the  Bertha  and  Metalline^  have  ever  passed  through  Box  Canyon,  both 
having  undergone  great  difficulty  and  danger  in  making  the  trip.  The 
latter  was  taken  through  the  canyon  during  the  high-water  season  iu 
the  summer  of  1894.  In  bringing  the  steamer  back  it  was  necessary  to 
run  a  wire  cable  through  the  canyon,  as  she  did  not  have  sufficient 
power  otherwise  to  stem  the  current.  It  is  not  probable  that  another 
attempt  will  be  made  under  existing  conditions. 
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Accompanying  this  import  are  two  tracings,  one  showing  Albany 
Falls  and  the  other  Box  Canyon,  and  foarteen  photographs  of  the  river. 
A  map  of  the  entire  river  is  being  worked  np  and  will  be  forwarded  as 
soon  as  completed. 

Above  Albany  Falls  the  river  needs  no  improvement.  To  pass 
Albany  Falls  a  lock  would  be  required,  the  cost  of  which  may  be  roughly 
estimated  at  $300,000.  No  detailed  estimate  has  been  attempted,  as 
there  is  not  the  slightest  reason  for  its  construction.  All  the  part  of 
the  country  above  the  falls  and  tribntar^'^  to  the  river  and  lake  is  now 
served  by  two  railroads — the  Great  Northern  and  the  Northern  Pacific. 
Connection  with  the  river  below  the  falls  is  made  by  the  Great  Northern 
at  Newport.  The  only  possible  advantage  which  a  lock  at  Albany  Falls 
could  give  would  be  to  enable  the  products  of  the  lower  river  to  be 
delivered  to  the  Northern  Pacific  Railroad  at  Sand  Pointinstead  of  to  the 
Great  Northern  at  Newport.  Practically  the  only  industry  which  will 
ever  justify  the  expenditure  of  much  money  for  the  improvement  of  this 
river  is  that  of  mining;  and  as  the  products  of  the  mines  must  be  sent 
over  the  Great  Northern  to  the  smelter  at  Everett,  which  is  on  the  line  of 
the  Great  Northern,  but  not  on  the  line  of  the  Northern  Pacific,  the 
construction  of  a  lock  at  Albany  Falls  above  the  point  of  connection 
with  the  Great  Northern  could  not  benefit  the  mining  industry.  If 
there  were  any  real  demand  for  the  transfer  of  the  products  of  the 
lower  river  to  the  upper,  arrangements  could  easily  be  made  whereby 
cargoes  could  be  transferred  without  a  lock  for  not  to  exceed  15  cents 
per  ton.  Moreover,  if  a  lock  were  constructed  at  this  point  the  Great 
Northern  Railroad  would  be  compelled  to  change  its  present  bridge  and 
put  in  a  draw  span  before  the  lock  could  be  used.  I  believe  there  would 
be  difficulty  in  showing  that  the  needs  of  commerce  were  sufficient  to 
demand  such  a  change. 

Between  Albany  Falls  and  Box  Canyon  there  are  a  few  isolated  rocks, 
which  can  be  removed  at  inconsiderable  expense  and  to  the  great  ben- 
efit of  navigation. 

If  the  Box  Canyon  were  passable,  the  mines  around  Metalline  would 
be  able  to  ship  their  ores  with  profit,  and  a  large  and  valuable  mining 
country  opened  up.  It  is  not  probable  that  the  canyon  can  ever  be 
improved  so  that  boats  can  pass  through  without  ^4ining,''  or  at  all 
stages  of  the  water,  but  it  appears  that  by  the  removal  of  certain  sub- 
merged rocks  and  the  cutting  off  of  the  worst  of  the  projecting  points 
the  canyon  can  be  improved  sufficiently  to  enable  boats  to  navigate  it 
enough  to  bring  out  the  products  of  the  mines.  The  rock  to  be  removed  is 
mostly  limestone,  which  can  be  easily  blasted  and  the  fragments  allowed 
to  fall  in  the  deep  water  of  the  canyon. 

Following  is  a  statement  of  the  quantities  and  estimate  of  the  cost  of 
this  improvement: 


Box  Canyon. 


Sabmerged  rocks  a,  6, 0,  d,  ««  and/ 

Projecting  point  A 

Pnti^oting  point  B 

Projecting  point  G 

Prc(f acting  point  D 

Projecting  point  E 

laolated  locka  between  Blue  Slide  and  Box  Canyon,  estimated 
Total 


Sabmerged. 


Oubie  yards. 
94 
466 
1,833 
556 
400 
444 


8,292 
1,000 


4,292 


Above 
water. 


Chdtie  yard*. 

233 
1,777 

740 
2,666 
8,000 

8,416 

8,416 


Hope,  Idaho.    September  4,  1897. 
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Peno  d'Oreilue  River.  Washi 


Steamer  Metalune  in  Box  Canvon.  Pend  d'Obeille  River,  Washiwiton. 


Bia  Canyon,  Pend  d'Oreille  River,  3  Miles  below  Metalline,  Washi 


P6ND  d'Obeille  Riveb,  7  Miles  »bov€  the  Confluence  with  the  Columbi*. 
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APPENDIX  W  W. 


SUPERVISION  OF  THE  HARBOR  OF  NEW  YORK. 


report  for  the  fiscal  year  ending  june  so,  1898.  supervisors, 
lieut  commander  w.  l.  field,  lieut,  commander  n.  j.  k.  patch, 
and  lieut.  johnf.  parker,  united  states  na  fy. 

War  Department, 
Office  of  the  Supervisor  of  the 

Harbor  of  New  York, 

New  Yorky  July  P,  1898. 

General.:  I  have  tbe  honor  to  submit  the  following  report  of  the 
work  done  by  this  office  for  the  fiscal  year  ending  June  30, 1808;  also 
an  estimate  of  the  amount  required  for  the  fiscal  year  ending  June  30, 
1900. 

The  steam  tugs  Argus  and  Nimrod  have  been  overhauled  as  much  as 
the  appropriation  permitted.  The  boiler  of  the  Nimrod  is  bad,  and  it 
will  be  absolutely  necessary  that  she  have  a  new  boiler  during  the  com- 
ing fiscal  year,  and  I  would  recommend  that  a  special  appropriation  of 
$6,500  be  asked  for  this  purpose.  An  effort  was  made  during  the  past 
fiscal  year  to  run  the  boats  in  the  most  economical  manner  and  fit  a 
new  boiler  in  this  vessel  from  the  current  appropriation,  but  it  was 
found  impracticable,  the  amount  allowed  being  barely  sufficient  to 
meet  ordinary  expenses. 

The  Argus  is  the  most  expensive  and  least  useful  of  the  patrol  boats. 
By  reference  to  former  annual  reports  of  this  office  I  find  the  following 
on  page  1  of  the  report  by  Gaptain  Bodgers  for  the  fiscal  year  ending 
June  30,  1892: 

In  reference  to  the  repairs  to  the  Argus  on  this  and  the  last  occasion,  it  is  a  ques- 
tion whether  she  was  worth  the  expenditure.  It  is  possible  that  one  more  year's 
service  may  be  got  out  of  her,  but  I  doubt  whether  it  would  be  expedient  to  spend 
any  more  money  on  her. 

Since  then  she  has  been  almost  constantly  under  repairs,  and  is  at  all 
times  unreliable.  However,  unless  kept  in  a  reasonably  serviceable 
condition,  the  efficiency  of  the  patrol  would  be  considerably  crippled 
until  another  vessel  could  be  obtained  to  take  her  place,  as  contractors 
and  others  keep  themselves  well  informed  of  the  efficiency  and  sea- 
worthy qualities  of  the  vessels  on  patrol  duty  and  govern  themselves 
a(5cordingly.  She  requires  continual  repairs,  and  is  too  small  for  out- 
side work.  I  would  recommend  that  a  new  boat  be  built  to  take  her 
place,  as  it  is  for  the  interest  of  this  work  that  all  the  tugs  on  this 
duty  should  be  able  to  go  outside  as  far  as  the  Sandy  Hook  Light-Ship, 
in  any  weather  that  a  tow  can  do  so;  $45,000  would  build  a  suitable 
boat  for  this  duty. 
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hereby  strictly  forbidden,  and  every  person  violating  the  foregoinip  provisions  shall 
be  deemed  gailty  of  a  misdemeanor,  and  on  conviction  thereof  shall  be  punished  by 
a  fine  of  not  more  than  two  hundred  and  fifty  dollars  nor  less  than  five  dollars,  or 
imprisonment  for  not  more  than  six  months  nor  less  than  ten  days,  one-half  of  said 
fine  to  be  paid  to  the  person  or  persons  giving  information  which  shall  lead  to  t^e 
co]ivietion  of  such  misdemeanor. 

scows  TO  RBCKIVB  ASHES,  ETC.,  FROM  8TBAM  TUGS  AND  VBSSBLS. 

Sec.  881.  The  various  scows  employed  by  the  city  of  New  York,  or  by  the  contract- 
ors for  removing  ashes,  garbage,  and  refuse  of  said  city,  while  moored  at  the  various 
dumping  boards  of  saidcitv,  are  hereby  designated  and  required  to  receive  directly 
any  and  all  ashes  or  rubbisli  from  any  steam  tug  or  steam  vessel  in  the  harbor,  and 
in  addition  to  the  foregoing  provisions  two  or  more  scows  shall  be  located  at  such 
points  within  the  harbor  as  the  supervisor  of  the  harbor  may  direct  for  the  special 
use  of  boats  and  vessels  wishing  to  discharge  aahes  or  rubbish. 

The  operation  of  these  sections  promotes  the  work  of  this  ofSce  by 
insuring  prompt  trial  of  minor  offenders,  and  the  facilities  for  the  recep- 
tion of  ashes  or  rubbish  provided  by  section  881  lessens  the  temptation 
for  small  craft  to  dispose  of  their  refuse  illegally. 

The  very  marked  improvement  in  the  condition  of  the  waters  of  the 
iQwer  bay  and  the  beaches  is  largely  due  to  the  city's  garbage  being 
disposed  of  by  reduction  on  Barren  Island,  142,990  cubic  yards  having 
been  disposed  of  in  this  manner  during  the  past  fiscal  year,  permits 
being  issued  by  this  office  in  accordance  with  law  for  the  transporta- 
tion of  such  material  over  the  waters  of  the  harbor,  an  average  of  25 
miles,  and  strict  supervision  being  exercised  by  the  patrol  boats  on 
duty  to  prevent  loss  of  material  in  transit,  due  to  improper  trimming 
or  careless  handling. 

The  remainder  of  the  city's  waste  material,  consisting  of  street  sweep- 
ings, ashes,  etc.,  is  still  being  disposed  of  at  the  mouth  of  the  harbor, 
being  deposited  outside  Sandy  Hook  light-ship.  It  was,  however,  con- 
fidently hoped  that  during  the  past  fiscal  year  the  city  would  dispose 
of  this  waste  by  placing  it  behind  bulkheads  on  Biker's  Island;  but 
owing  to  delay  in  the  construction  of  proper  bulkheads  or  to  legal  for- 
malities the  city  has  been  unable  to  begin  operations  up  to  this  date.  I 
understand,  however,  that  the  city  has  now  invited  proposals  for  the 
deposit  of  this  material  at  that  x)oint,  and  will  probably  award  the  con- 
tract to  the  lowest  bidder  within  the  next  few  days.  Unceasing  vigi- 
lance will  be  required  for  some  time  by  the  boats  of  this  office  to  pre- 
vent the  illegal  deposit  of  any  of  this  material  in  transit,  and  to  insure 
the  deposit  of  the  material  in  accordance  with  the  permits. 

The  final  disposition  of  the  entire  refuse  of  the  city  of  Greater  New 
York  by  reduction  and  behind  bulkheads  will  prove  of  great  benefit  to 
the  harbor. 

The  remainder  of  refuse  material  requiring  close  supervision  consists 
of  dredgings  under  private  contract  and  debris  from  city  improve- 
ments, technically  known  as  cellar  dirt.  This  duty  devolves  largely  on 
the  steam  launches  Active  and  Alert  and  the  naphtha  launch  Lookout 
The  first  two  cover  the  Forth  and  East  rivers,  western  end  of  Long 
Island  Sound  and  Upper  Bay,  while  the  naphtha  launch  patrols  the 
Kills,  Princes  and  Newark  bays,  and  tributary  waters.  These  boats 
are  useful  in  many  ways  in  detecting  and  preventing  violations  of  law. 
They  are  employed  usually  in  the  daytime,  and  at  night  when  deemed 
advisable. 

The  cellar  dirt  is  a  fruitful  source  of  trouble  and  complaint.  It  con- 
tains more  or  less  floatable  refuse,  and  its  deposit  is  outside  the  light- 
ship, which  is  deemed  as  far  from  the  coast  as  the  type  of  boats  used  for 
the  transportation  of  the  material  can  venture  with  safety.    Although 
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The  following  is  ao  estimate  of  appropriation  required  for  service  of 
the  fiscal  year  ending  June  30, 1900,  by  the  sapervisor  of  the  harbor  of 
New  York: 


Detailed  objecta  of  expenditare,  and  explanations. 


Freveotion  of  obstructive  and  iqjnrioas  deposits  within  the  harbor  and 
ad  iscent  waters  of  New  York  City : 
Forpay  of  iusi^ectors,  deputy  inspectors,  office  force,  and  expenses  of 

office 

For  pay  of  crews  and  maintenance  of  4  steam  taes  and  3  launches.. . 

For  new  boiler  and  installing  same  in  steam  tag  Nimrod 

For  the  purchase  or  construction  of  one  steam  tu£ 

Total , 


Estimated 
amount  that 
will  be  re- 
quired for 
each  object. 


$10,260.00 

48.740.00 

6,500.00 

45. 000. 00 


110, 500. 00 


Amount  ap- 
propriated lor 

ilsoal  year 

ending  June 

80, 18»0. 


$10,260.00 
48. 740. 00 


59,000.00 


Very  respectfully,  yonr  obedient  servant, 

N.  J.  K.  Patch, 
Lieut  Commander y  U,  S,  Navy^  Supervisor. 

Brig.  Gen.  John  M.  Wilson, 

Chief  of  Engineer 8 J  U.  S.  A. 


INDEX. 


[The  references  in  roman  are  to  part  (or  volume),  and  those  in  arable  to  page.] 

A. 

Acts  of  Congress.    See  Laws. 

Absecon  Inlet,  N.  J.,  sarvey  of i,  158 ;  n,  1125 

Affate  Bay,  Minn.,  improvement  of  harbor  at « 1, 378 ;  in,  2220 

Annapee  Harbor,  Wis.,  improvement  of 1,390;  lu,  2310 

Aid  to  injured  employees i,  36 

AiUa  (steamship),  removal  of  wreck  of i,  128, 1041 

Alabama  River,  Ala.,  improvement  of 1, 256 ;  ii,  1405 

Alameda,  Cal.,  alteration  of  bridge  across  San  Antonio  Estuary  (Oakland 

Creek) i,538 

Alameda  County,  Cal.,  bridge  of i,  538 

Albemarleand  Chesapeake  Canal,  N.  C,  improvementof  waterway  via.  i,  198;  ii,  1230 
Albemarle  Sound,  N.  C,  improvement  of  waterway  to  Norfolk,  Va  . ..  1, 198;  ii,  1230 

Allegheny  and  Western  Rai  I  way  Company,  bridge  of i,  535 

Alle<jheny  River,  N.  Y.  and  Pa. : 

Bridge  at  New  Kensington,  Pa.,  construction  of i,  535 

Bridge  between  Pittsburg  and  Sharpsbnrg,  Pa.,  construction  of i,  537 

Bridge  near  Mosgrove,  Pa.,  construction  of i,  535 

Construction  of  locks  and  dams i,  376;  in,  2206 

Improvement  of i,  375 ;  in,  2202 

Survey  for  extending  slack-water  navigation i,  378 

Survey  for  removal  of  Corydon  Dam i,  377 ;  in,  2211 

Mien  (steamer),  removal  of  wreck  of i,  232 ;  ii,  1321 

Allouez  Bay,  Wis.  («ee  Duluth  and  Superior  Harbor) i,  379 ;  in,  2223 

Alloway  Creek,  N.  J.,  improvement  of. i,  154;  ii,  1099 

Alpena  Harbor,  Mich.,  improvement  of i,  430 ;  iv,  2578 

Alsea  River,  Oreg. : 

Examination  of 7,501;  iv,  2995 

Improvement  of 1,488:  iv,  2972 

Altamaha  River,  Ga., improvement  of i,226;  ii,  1306 

Alvena  (steamship),  removal  of  wreck  of .- i,  128, 1042 

Amite  River,  La.,  improvement  of i)271;  n,  1467 

Anacostia  River,  D.  C. : 

Improvement  of,  and  reclamation  of  flats i,  192 

Survey  for  bridge  at  Washington i,  541 ;  vi,  3598 

Anolote  River,  Fla.,  survey  of i,  247;  ii,  1361 

Andnra  Creek,  Va.  («ee  Nandua  Creek) 1,198;  il,  1229 

Angola  (schooner),  removal  of  wreck  of i,  84, 932 

Anita  Rock,  San  Francisco  Harbor,  Cal.,  survey  ot i,  469 ;  iv,  2923 

Anna  Maria  (schooner),  removal  of  wreck  of i,  156 ;  ii,  1104 

Ann,  Cape,  Mass.,  construction  of  harbor  of  refuge  at  Sandy  Bay i,  56, 853 

Apalachicola  River  and  Bay,  Fla. : 

Improvementof  bay i, 250;  ii,  1377 

Improvement  of  river,  including  the  Cut-off i,  251 ;  ii,  1381 

Appleton,  Wis.,  reconstruction  of  bridge  across  Fox  River  Canal  by  city  of.        i,  533 

Appomattox  River,  Va.,  improvement  of 1,196,   ii,  1227 

Appoquinimink  River,  Del.,  improvement  of i,  161 ;  ii,  1149 

Appropriations  for  rivers  and  harbors,  compilation  of i,  35 

Aqueduct  Bridge,  Potomac  River,  at  Washington,  D.  C,  repair  of i,  539;  vi,  3571 

Aquia  Creek,  Va.,  improvement  of i,  182 ;  ii,  1193 

Aransas  Pass,  Tox.,  examination  of  improvements  of  Aransas  Pass  Harbor 

Company i,289;  ii,  1527 

Aransas  Pass  Harbor  Company,  examination  of  improvements  of i,  289;  ii,  1527 

Arch  Rock,  San  Francisco  Harbor,  Cal.,  survey  of i,  469 ;  i v,  2923 
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Beechridge,  III.,  prevention  of  Mississippi  River  from  breaking  into  Cache 

Rivernear ^ 1.313;  m,1732 

Bellaire,  Ohio,  constraction  of  bridge  across  Ohio  River  to  Benwood,  W.  Va.      i,  531 

Bellaire-Benwood  Bridge  Company,  bridge  of i,  531 

Belle  River,  Mich.,  improvement  of i,  435;  iv,  2589 

Benton  Harbor  Canal,  Mich.  («e«  St.  Joseph  Harbor) i,  410 ;  i v,  2494 

Ben  wood,  W.  Va.,  constrnction  of  bridge  across  Ohio  River  to  Bellaire,  Ohio.       i,  531 

Bergen  County,  N.  J.,  bridge  of i,534 

Bergen  Point,  N.  J.,  removal  of  wreck  in  Newark  Bay  opposite i,  144, 1072 

Big  Assawaman  Bay,  Del.,  improvement  of  waterway  via i,  166;  ii,  1156 

Big  Elk  River,  Oreg.,  examination  of i,501;  iv,2997 

Big  Hatchee  River,  Tenn. ,  oQnstrnc tion  of  bridge  across i,  536 

Big  Sandy  River,  W.  Va.  and  Ky. : 

Improvement  of 1,369;  iii,  2143 

Improvement  of  Levisa  Fork i,  371;  iii,  2155 

Improvement  of  Tug  Fork 1,371;  iii,  2152 

Operating  and  care  of  lock  and  dam i,  370 ;  in,  2150 

Plans  and  estimates  for  locks  and  dams  on  main  stream  and  forks .  i,  373 ;  iii,  2159 

Big  Stone  Lake,  Minn.,  survey  for  reservoir i,  322 ;  in,  1834 

Big  Sunflower  River,  Miss. ,  improvement  of i,  300 ;  ii,  1639 

BiOs  of  Congress  authorizing  construction  of  bridges,  examination  of i,  35 

Black  Creek,  Fla.,  construction  of  bridge  across i,  536 

Black  Lake,  Mich.,  improvement  of  Holland  Harbor i,  414 ;  iv,  2506 

Black  River,  Ark.  and  Mo.,  improvement  of i,  305 ;  n,  1669 

Black  River,  La.,  improvement  of i,  293;  ii,  1594 

Black  River,  Mich. : 

Bridge  at  Port  Huron,  construction  of i,  533 

Improvement  at  Port  Huron i, 433;  iv,  2586 

Improvement  of  mouth i,  433 ;  i  v,  2585 

Black  River,  N.  C,  improvement  of i,  208;  n,  1251 

Black  River,  Ohio: 

Improvement  at  Lorain i>^6;  iv,  2658 

Survey  at  Lorain i,454;  iv,2717 

Black  River,  Wash,  {see  Duwamish  River) i,  525 ;  iv,  3103 

Black  Warrior  River,  Ala. : 

Canal  to  Five-mile  Creek,  survey  for i,  269;  ii,  1446 

Improvement  below  Tuscaloosa i,  261 ;  ii,  1434 

Improvement  between  Tuscaloosa  and  Daniels  Creek i,  260 ;  ii,  1430 

Operating  and  care  of  locks  and  dams h-^^i  ^h  I'^Sl 

Block  Island,  R.  I. : 

Construction  of  harbor  of  refuge i,  82, 926 

Improvement  of  Great  Salt  Pond i,  83, 929 

Block  Island  Sound,  R.  I.,  removal  of  wreck  off  Qnonocontaug 1, 84, 931 

Blood  River,  La.  (aec  Tiokfaw  River) i,270;  ii,  1465 

Blossom  Rock,  San  P'rancisco  Harbor,  Cal.,  survey  of i,  469 ;  iv,  2923 

Board  of  Engineers,  The 1,5,557 

Board  on  Fortifications  and  other  Defouses i,  8 

Boeuf  River,  La.,  improvement  of i»294;  ii,  1614 

Bogue  Chitto,  La.,  improvement  of i,  268;  n,  1445 

Bogue  Falia,  La.,  improvement  of i,270;  n,  1464 

Bogue  Sound,  N.  C,  improvement  of  waterway  via i»207;  ii,  1249 

Boston  and  Providence  Railroad  Corporation,  bridges  of 1, 535 

Boston  Harbor,  Mass. : 

.     Constrnction  of  city  bridge  across  Fort  Point  Channel 1, 533 

Construction  of  railroad  bridges  across  Fort  Point  Cbauuel i,  535 

Defenses  of 1,13,16,592 

Improvement  of i,  61, 864 

Survey  of i,70,8«6 

Bourne,  Mass.,  construction  of  bridge  across  Barlows  River  by  town  of i,  535 

Brazos  River,  Tex.,  improvement  of i,  287 ;  ii,  1511 

Breach  Inlet,  Charleston  Harbor,  S.  C,  construction  of  bridge  across i,  536 

Breakwaters,  occupancy  or  injury  of i,  35, 538 

Breanx  Bridge,  St.  Martinville,  La.,  construction  of  bridge  across  Bayou 

Teche  at 1,536 

Bridge  Creek  Landing,  Va.,  damage  to  wharf  at i,  546 ;  vi,  3738 

Bridgeport  Harbor,  Conn. : 

Constrnction  of  city  bridge  across  Yellow  Mill  Pond i,  533 

Defenses  of 1,8,18,615 

Improvement  of 1,99,961 

Bridges : 

Alteration  of 1,3.5,537 

Constmotion  of V^«>'J'®»^ 
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Bridges — Contimied. 

ExamiDHtion  of  Congreasional  bills  authorizing  construction  of i,  35 

Examinatiou  of  plans  and  locations 1,35. 531. 532 

Obstructing  navigation 1,35,538 

Broad  Creek,  Del.  {set  Broad  Creek  River) i,  170;  ii,  1164 

Broad  Creek  Ki ver,  Del.,  improvement  of i,  170 ;  ii,  IIW 

Broadkiln  River,  Del.,  improvement  of 1,166;  n,  1156 

Broa<l  Sound,  Boston  Harbor,  Mass. : 

Improvement  of i,  61.8S4 

Survey  of  channel  through i,70,^^ 

Bronx  River,  N.  Y. : 

Construction  of  bridges  across i,534 

Improvement  of - —  I..  114, 999 

Brooklyn,  N.  Y.     See  New  York  Harbor. 

Browns  Creek,  Sayville,  N.  Y.,  improvement  of 1,119,1012 

Brownsville,  Tenii.,  construction  of  bridge  across  Big  Hatchee  River  near. . .      i,  536 

Brunswick,  Me.,  construction  of  bridge  across  New  Meadows  River  at 1,535 

Brunswick  Harbor,  Ga. : 

Defenses  of 1,8,26,712 

Improvement  of 1, 229 ;  ii,  1313 

Removal  of  wreck  in 1,231;  ii,  1321 

Buffalo,  N.  Y. : 

Improvement  of  channels  in  connecting  waters  of  Great  Lakes  between 

Dulutb,  Chicago,  and 1,424;  iv,^48 

Improvement  of  harbor  at i,  458 ;  iv,  2756 

Buffalo  Bayou,  Tex. : 

Examination  and  survey  for  waterway  via i,  288;  ii,  1515 

Improvement  of I,  286;  ii,  1510 

Burlington  Harbor,  Vt.,  improvement  of i,  129,1043 

Butler  County,  Ky.,  bridge  of i,  533 

Buttermilk  Channel,  New  York  Harbor,  N.  Y.,  improvement  of i,  121, 1016 

Butters  Lumber  Compan v,  bridge  of i,536 

Byram  River,  \.  Y.  («ee  Port  Chester  Harbor) 1,112,993 

C. 

Cabell  County,  W.  Va.,  bridge  of I.5S3 

Cacbe  River,  Ark.  (aee  White  River) 1,304;  ii,  1665 

Cache  River,  111.,  prevention  of  Mississippi  River  from  breaking  into,  i,  313;  iii,  173:^ 
Cairo,  111.,  prevention  of  Mississippi  River  from  breaking  into  Cache  River 

above i,313;  iii,iriS 

Calcasieu  River,  La.,  improvement  of  mouth  and  passes i,  276 ;  ii,  14i* 

California  Dc^bris  Commission i,  530;  vi,354i* 

California,  Department  of,  reconnaissances  and  explorations  in i,  552 ;  vi,  STSS 

Caloosahatchee  River,  Fla.,  improvement  of i^  239 :  ii,  13SJ 

Calumet  Plantation,  La.,  coustrnction  of  bridge  across  Bayou  TocLe  at i,.V^ 

Calumet  River  and  Harbor,  111.  and  lud. : 

Improvement  of  harbor iy4Q2;  iv,24$ 

Improvement  of  river i,  403;  iv,24^ 

Camden,  N.  J. : 

Bridge  across  Cooper  Creek,  construction  of i.SS 

Defenses  of  Delaware  River 1, 20, 651 

Improvement  of  Cooper  Creek  at i,  154;  ii^lli)o 

Improvement  of  Delaware  River  at i,  147 ;  u,  1085 

Survey  of  Delaware  River  at  and  below  Philadelphia i,  156;  11, 11'^ 

Camden  County,  N.J. ,  bridge  of 1,536 

Canals,  etc. : 

See  aho  Waterways. 

Albemarle  and  Chesapeake  Canal,  N.  C,  improvement  of  waterway 

via iA9S;  11,12*^ 

Allegheny  River,  Pa.,  construction  of  locks  and  dams i,  376;  m,  22** 

Allegheny  Kiver,  Pa.,  survey  for  extending  slack- water  navigation i,  378 

Allegheny  River,  Pa.,  survey  for  removal  of  dam  near  Corydon  . .   1,  377 ;  ui,  'J211 

Barren  River,  Ky.,  operating  and  care  of  locks  and  dams i,  354 ;  m,  1933 

Benton  Harbor  Canal,  Mich,  (see  St.  Joseph  Harbor) i^  410 ;  iv,2494 

Big  Sandv  River,  W.  Va.  and  Ky.,  including  forks,  plans  and  estimates 

tor  locks  and  dams l,  373 ;  m.  21^ 

Big  Sandy   River,  W.  Va.  and  Ky.,  operating  and   care   of  lock   and 
dam 1,370;  iii,2l5£ 
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Canals,  etc. — Con  tinned. 

Black  Warrior  River,  Ala.,  operating  and  care  of  locks  and  dams,  i,  261 ;  ii,  1431 

Black  Warrior  River  to  Five-mile  Creek,  Ala.,  survey 1, 269 ;  ii,  1446 

Cascades  Canal,  Columbia  River,  Oreg.,  construction  of i,  496 ;  i v,  2981 

Cascades  Canal,  Columbia  River,  Oreg.,  operating  and  care i,  498 ;  i v,  2983 

Clubfoot  and  Harlowe  Canal,  N.  C.,  improvement  of  waterway  via.  i,  206 ;  ii,  1246 

Columbia  River,  Oreg.,  construction  of  Cascades  Canal i,  496 ;  iv,  2981 

Columbia  River,  Oreg.,  operating  and  care  of  Cascades  Canal  .. .  i,  498;  iv,  2983 
Couewango  Creek,  N.  Y.  and  Pa.,  survey  for  removal  of  dams  in . .  i,  377 ;  ill,  2211 
Coosa  River,  Ga.  and  Ala.,  operating  and  care  of  locks  and  dams. .  i,  259;  ii,  1422 

Davis  Island  Dam,  Ohio  River,  operating  and  care i,  358 ;  in,  2077 

Des  Moines  Rapids  Canal  and  Dry  Dock,  Mississippi  River,  operating  and 

care i,316;  in,  1794 

Erie  Canal,  N.  T.,  preservation  of  bench  marks i,  551 ;  vi,  3778 

Five-mile  Creek  to  Black  W^arrior  River,  Ala.,  survey i,  269 ;  ii,  1446 

Fox  River,  Wis.,  operating  and  care  of  locks  and  dams i,  399 ;  in,  2395 

Fox  River,  Wis.,  reconstruction  of  bridge  across  canal  at  Appleton i,  533 

Galena  River,  111.,  operating  and  care  of  lock  and  dam i,  316 ;  iii,  1802 

Grand  Rapids,  Wabash  River,  operating  and  care  of  lock  and  dam  i,  351 ;  in,  1983 
Great  Kanawha  River,  W.  Ya.,  construction  of  locks  and  dams. . .  i,  363;  in,  2118 
Great  Kanawha  River,  W.Va;,  operating  and  care  of  locks  and  dams  i,  365;  in,  2129 

Green  River,  Ky .,  construction  of  Lock  No.  5 i,  353 ;  in,  1985 

Green  River,  Ky.,  operating  and  care  of  locks  and  dams i,  354 ;  in,  1993 

Green  River,  Ky.,  reconstruction  of  Lock  No.  2,  at  Rumsey i,  3.52 ;  in,  1985 

Illinois  and  Mississippi  Canal,  111.,  construction  of i,  406 ;  i v,  2447 

Ulinois  and  Mississippi  Canal,  111.,  operating  and  care  of,  around  Rock 

River  Rapids i,408;  iv,2486 

Illinois  River,  111.,  operating  and  care  of  locks  and  dams 1, 406 ;  i v,  2442 

Kampsville  Lock  and  Dam,  Illinois  River,  111.,  operating  and  care  i,  406;  iv,  2442 

Kentucky  River,  Ky.,  operating  and  care  of  locks  and  dams i,  356;  in,  2024 

Keweenaw  Point,  Mich.,  improvement  and  operating  and  care  of  water- 
way across 1,382,383;  ni,2244 

Lagrange  Lock  and  Dam,  Illinois  River,  111.,  operating  and  care.,  i,  406;  iv,  2442 

L'Anguille  River,  Ark.,  survey  for  locks  and  dams i,  308 ;  n,  1678 

Levisa  Fork,  Big  iSandy  River,  Ky.,  plan  and  estimates  for  locks  and 

dams 1,373;  in,  2159 

Little    Kanawha   River,   W.   Va.,   operating   and    care    of   lock    and 

dam 1,363;  in, 2115 

Louisa  (Levisa)  Fork,  Big  Sandy  River,  Ky.,  plan  and  estimates  for  locks 

and  dams i,  373;  in,  2159 

Louisville  and  Portland  Canal,  Ky.,  operating  and  care i,  349 ;  in,  1957 

Louisville  and  Portland  Canal,  Ky.,  reconstruction  of  bridge  acros.s i,  531 

Michigan  Lake  to  Sturgeon  Bay,  Wis.,  construction  of  harbor  of  refuge 

at  eastern  entrance i,  389 ;  in,  2308 

Michigan  Lake  to  Sturgeon  Bay,  Wis.,  improvement  of i,  388 ;  in,  2297 

Michigan  Lake  to  Sturgeon  Bay,  Wis.,  operating  and  care i,  389;  iii,  2303 

Mississippi  River,  construction  of  Lock  and  Dam  No.  2,  between  St.  Paul 

and  Minneapolis i,  316;  in,  1809 

Mississippi  River,  operating  and  care  of  Des  Moines  Rapids  Canal  and 

Dry  Dock I,316;  m,  1794 

Monongahela  River,  construction  of  locks  and  dams i,  373 ;  in,  2173 

Monongahela  River,  operating  and  care  of  locks  and  dams 1, 374;  in,  2182 

Morgan  Canal,  Tex.,  improvement  of  {see  Galveston  Bay; i,  283 ;  n,  1505 

Morgan  Canal,  Tex.,  operating  and  care i,  284 ;  n,  1507 

MuKcle  Shoals  Canal,  Tennessee  River,  Ala.,  o}ierating  and  care.,  i,  344;  in,  1925 

Muskingum  River,  operating  and  care  of  locks  and  dams i,  361 ;  in,  2095 

Ohio  River,  construction  of  Dams  Nos.  2, 3, 4, 5,  and  6 i,  359 ;  in,  2080 

Ohio  River,  operating  and  care  of  Davis  Island  Dam i,  358 ;  in,  2077 

Ohio  River,  operating  and  care  of  Louisville  and  Portland  Canal . .  i,  349 ;  in,  1957 
Ohio  River,  reconstruction  of  bridge  across  Louisville  and  Portland 

Canal i,531 

Ohio  River,  survey  between  Marietta  and  Pittsburg  for  dams  ...  1, 372 ;  in,  2157 

Ouachita  River,  Ark.  and  La.,  survey  for  locks  and  dams i,  302 

Portage   Lake  and    Lake  Superior  canals,   Mich.,   improvement  and 

operating  and  care  of 1,382,383;  in,  2244 

Puget  Sound  to  lakes  Union  and  Washington,  improvement  of  water- 
way    1,516;  IV, 3072 

Rock  River,  111.,  operatiuje;  and  care  of  canal  aronnd  rapids  of. ..  i,  408;  iv,  2486 

Rough  River,  Ky.,  operating  and  care  of  lock  and  dam i,  355 ;  in,  2010 

St.  Claif  Flats  Canal^  Mich.,  improvement  of i,  435 ;  iv,  2591 
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Chattahoochee  River,  Qa.  and  Ala. : 

Improvement  below  Columbus,  Ga i,  252 ;  ii,  1387 

Improvement  between  Westpoint  and  Franklin,  Ga 1, 253 ;  ii,  1393 

Cheboygan  Harbor,  Mich.,  improvement  of i,  429 ;  iv,  2576 

Chefuncte  River,  La.,  improvement  of i>270j  ii,  1464 

Chehalis  River,  Wash.,  improvement  of i»514;  iv,  3064 

Chelsea  Creek,  Mass.  {see  Boston  Harbor) i,  61, 864 

Chequamegon  Bay,  Wis.  (see  Ashland  Harbor; i,  380 ;  iii,  2240 

Chesapeake  Bav,  Md.  and  Ya. : 

Defenses  of  Hampton  Roads,  Va i,  23, 679 

Improvement  of  harbor  at  Cape  Charles  City,  Va J i,  197 ;  ii,  1229 

Improvement  of  Rockhall  Harbor,  Md i,  174 ;  ii,  1171 

Improvementof  waterway  Irom  Norfolk  Harbor  to  Albemarle  Sound  i,  198;  ii,  1230 

Wreck  near  Thimble  Shoal  Li^ht,  removal  of i,  201 ;  ii,  1235 

Wreck  near  Solomons  Lump  Light,  removal  of i,  175 ;  ii,  1172 

Chester  River,  Md.,  improvement  of. i*I67;  ii,  1159 

C hicago,  Burlington  and  Quinoy  Railroad  Company,  bridge  of i,  533 

Chicago,  Milwaukee  and  St.  Paul  Railway  Company,  bridge  of i,  532 

Chicago  River  and  Harbor,  111. : 

Bridge  across  Little  Calumet  River  near,  reconstruction  of. i,  536 

Bridge  by  city  across  South  Fork  of  South  Branch,  construction  of i,  533 

Improvement  of  Calumet  (South  Chicago)  Harbor i,  402 ;  iv,  2425 

Improvement  of  channels  in  connecting  waters  of  Great  Lakes  to  Duluth 

and  Buffalo i,424;  iv,2548 

Improvement  of  harbor i,400;  iv,2415 

Improvement  of  river i>  401 ;  iv,  2421 

Chickasahay  River,  Miss.,  improvement  of i,  265 ;  ii,  1442 

Chief  of  Engineers,  ofiScers  on  duty  in  office  of i,  553 

Chincoteague  Bay,  Va.,  improvement  of  waterway  to  Delaware  Bay . .  i,  166;  ii,  1156 
Chipola  River^  Fla. : 

Examination  from  Marianna  to  Apalachicola  River i,  259 ;  ii,  1423 

Improvementof 1,251;  ii,  1381 

Chippewa  River,  Wis.,  improvement  of i,  319 ;  iii,  1821 

Chitto,  Bogue,  La.,  improvement  of i,  268 ;  ii,  1445 

Chocolate  Bayou,  Tex.,  construction  of  bridge  across 1,534 

Choctawhatcbee  River,  Fla.  and  Ala. : 

Construction  of  bridges  across i,  532 

Improvementof i, 254;  ii,  1394 

Choptank  River,  Md.,  improvement  of i,  168 ;  ii,  1160 

Christiana  River,  Del. : 

Improvement  of  {see  Wilmington  Harbor) i,  159 ;  ii,  1145 

Removal  of  wreck  in i,  175;  11,1172 

City  Island,  New  York  Harbor,  N.  Y.,  reconstruction  of  bridge  to  Pelham  Bay 

Park 1,533 

Clarks  Cove,  Conn.,  construction  of  bridge  across 1, 536 

Clarksville,  Tenn.,  construction  of  cribs  in  bridge  across  Cumberland  River  at.       i,  536 

Clatskanie  River,  Oreg.,  survey  of i,  510 ;  iv,  8049 

Clatsop  County,  Oreg.,  bridge  of i,  537 

Clearwater  River,  Idaho,  improvement  of i,  500;  iv,  2989 

Cleveland  Harbor,  Ohio : 

Improvement i,447;  iv,  2661 

Survey  of  breakwater 1, 455 ;  iv,  2724 

Water  levels i,551;  vi,  3779 

Clinch,  Fort,  Fla.,  defenses  at 1,8,26,713 

Clinch  River,  Tenn.,  improvement  of i,  346;  in,  1943 

Clinton  River, Mich., improvement  of i,436;  iv,2595 

Clubfoot  and  Harlowe  Canal,  N.  C,  improvement  of  waterway  via i,  206 ;  u,  1246 

Clubfoot  River,  N.  C,  improvement  of  waterway  via  i,  206 ;  ii,  1246 

Coanjock  Bay,  N.  C,  improvement  of  waterway  via i,  198 ;  ii,  1230 

Cocheco  River,  N.  H.,  improvement  of 1,50,835 

Cod,  Cape,  Mass.,  removal  of  wreck  off,  near  Orleans i,  69, 883 

Colorado,  examination  of  reservoir  sites  in i,  469 ;  iv,  2815, 2917 

Columbia  and  Red  Mountain  Railway  Company,  bridge  of i,  531 

Columbia,  Department  of  the,  reconnaissances  and  explorations  in. . .  i,  552 ;  vi,  3784 
Columbia  River,  Oreg.  and  Wash. : 

Boat  railway  from  The  Dalles  Rapids  to  Celilo  Falls,  construction 

of 1,495;  IV, 2979 

Bridge  at  Northport,  Wash.,  construction  of i,  531 

Cascades  Canal,  construction  of i,  496;  iv,2981 

Cascades  Canal,  operating  and  care i,  498;  iv,2983 
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Continuing  contracts,  etc. — Continue!. 

Rockland  Harbor,  Me 1,42,823 

Sabine  Pass,  Tex.,  harbor  at i,-^78;  ii.  1482 

San  Pedro  Bay,  Cal i,470;  iv',2929 

Savannah  Harbor,  Ga i,221;  ii,  1291 

Superior  Harbor,  Wis i,379;  in,  2223 

Superior  Lake  to  Keweenaw  Bay,  Mich.,  waterway  from i,  382 ;  in,  2244 

Vicksburg  Harbor,  Miss " 1,297;  ii,  1625 

Willamette  River  above  Portland,  Oreg i,  504 ;  iv,  3025 

Wilmington  Harbor,  Del i,  159;  ii,  1145 

WinvahBay,  S.C i,214;  ii,  1272 

Yamhill  River,  Oreg i,  504;  iv,3025 

Yaquina  Bay,  Oreg 1,189;  iv,2972 

Yazoo  River,  Miss.,  mouth  of i>-97;  1 1, 1625 

Contracts,  continuing.    See  Continuing  contracts. 
Cooper  Creek,  N.  J. : 

Bridge  at  Camden,  construction  of i,  536 

Improvement  of i,  154;  ii,  1100 

Coosa  River,  Ga.  and  Ala. : 

Improvement  between  East  Tennessee,.  Virginia  and  Georgia  Railroad 

Bridge  and  Wetumka,  Ala i,  258 ;  ii,  1418 

Improvement  between  Rome,  Ga.,  and  East  Tennessee,  Virginia  and 

Georgia  Railroad  Bridge i,  257 ;  ii,  1413 

Operating  and  care  of  locks  and  dams i,  259 ;  ii.  1422 

Coos  Bay  and  Harbor,  Oreg. : 

Dredging  harbor i,484;  iv,2966 

Improvement  of  entrance i,  483 ;  iv,  2963 

Coos  River,  Oreg.,  improvement  of i,  485;  iv,2966 

Coquille  River,  Oreg. : 

Improvement  between  Coquille  and  Myrtle  Point i,  481 ;  iv,  2961 

Improvement  of  mouth ,. i,  180 ;  iv,  2958 

Corporations,  occupancy  and  injury  of  public  works  by '^  35, 538 

Corps  of  Engineers : 

Changes  in  personnel i,  3 

Laws  of  Fin;y-fifth  Congress,  second  session,  affecting  the vi,  3789 

Number  and  distiibution  of  officers i,  3, 4 

Officers  detached i,  4 

Corydon,  Pa.,  survey  for  removal  of  dam  in  AUeghehy  River  at i,  377 ;  in,  2211 

Coscob  Harbor,  Conn.,  improvement  of i,  108, 972 

Courtableau  Bayou,  La.,  improvement  of i,  274 ;  ii,  1474 

Cowlitz  River,  Wash.,  improvement  of i,  508 ;  i v,  3041 

Craven  County,  N.  C. : 

Bridge  of,  across  Neuse  River  at  Newbem i,535 

Bridge  of,  across  Trent  River  at  Newbem i,  533 

Crooked  River,'  Fla.  {see  Carrabelle  Bar  and  Harbor) i,  249 ;  ii,  1375 

Cumberland  River,  Tenn.  and  Ky. : 

Bridge  at  Clarksville,  Tenn.,  construction  of  cribs i,  536 

Gauging  («ee  Mississippi  River) i,  301;  ii,  1642 

Improvement  above  Nashville,  Tenn i,  336;  in,  1878 

Improvement  below  Nashville,  Tenn i,  334 ;  in,  1875 

Cumberland  Sound,  Ga.  and  Fla. : 

Defenses  of i,  25,  707 

Improvement  of 1, 232 ;  n,  1323 

Improvement  of  waterway  via i,  230;  n,  1318 

Current  River,  Ark.  and  Mo.,  improvement  of i,  306 ;  ii,  1671 

Currituck  Sound,  N.  C,  improvement  of  waterway  via i,  198 ;  ii,  1230 

Curtis  Bay,  Md.,  improvement  of  channel  in  Patapsco  River  to i,  176;  n,  1180 

Cut-off,  Apalachicola  River,  Fla.,  improvement  of 1^251;  ii,  1381 

Cuyahoga  River,  Ohio  (»ce  Cleveland  Harbor), 1,447,455;  iv,2661,2724 

Cypress  Bayou,  Tex.  and  La.,  improvemen tof i,  292 ;  ii,  1589 

D. 

Dairy  Fork,  Tnalitin  River,  Oreg.,  survey  of i,  511 ;  iv,  3053 

Dale  County,  Ala.,  bridges  of i,532 

Dams.    iSee  Canals. 

Danville,  Tenn.,  reconstruction  of  bridge  across  Tennessee  River  at i,  536 

Dardanelle,  Ark. : 

Improvement  of  Arkansas  River  at  {see  Arkansas  River) i,  302 ;  ii,  1649 

Survey  of  Arkansas  River  at 1,308;  ii,  1676 
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Darten  Harbor,  6a. : 

Defenses  of L  8. 36, 712 

Improvement  of i,225:  il1W5 

Removal  of  wreck,  etc.,  in i.  231 :  n,  ISJ 

Davenport,  Iowa,  establishment  of  harbor  lines  in  Mississippi  River  at.  i,  it;  m.  l!KB 

Davis  Island  Dam,  Ohio  River,  Pa. ,  operating  and  care i,  ^58;  m. 2i}T7 

Davis  Strait,  Me.,  removal  of  wreck  in i,52,^ 

Deer  Island  Thoroaghfare,  Me.,  removal  of  wreck  in 1,52.?® 

Defense,  national,  allotments  from  appropriation  for 1^7,9,14 

DefentM's,  seacoast.    See  Fortifications. 
Delaware  Bay,  N.  J.  and  Del. : 

Delaware  Breakwater,  Del. ,  constraction  of . .*.  i,  151 ;  n,  KiW 

Harbor  of  refnge,  construction  of 1,152:  ii,  1"9^ 

Pier  near  Lewes,  Del.,  constmetion  of 1,150:  ir.l*^? 

Waterway  to  Chincoteagae  Bay,  Va.,  imx)rovemeut  of 1. 166;  a  1156 

Wreck  of  Lottie  K,  Friend,  removal  of i^  156;  ii.ll04 

Delaware  Breakwater,  Del.,  construction  of *..  i]l51;  ii,l(iW 

Delaware  River,  N.  J.,  Pa.,  and  Del. : 

Defenses  of 1,20,637 

Dike  at  Woodbnry  Creek  (see  Cooper  Creek) i,  154;  ilHOO 

Marcushook,  Pa., improvement  of  ice  harbor '.'..[.  i^U9;il l«^ 

Newcastle,  Del.,  improvement  of  ice  harbor  at I.  i'  ifiO;  n,  114$ 

Philatlelphia,  Pa.,  improvement  above  and  below '..\ll.[  i!  144 ;  ii,  1'^^ 

Philadelphia,  Pa.,  ana  Camden,  N.  J.,  improvement  between!  IIII  i,147;  uilOHo 

Survey  of,  between  Philadelpbia  and  Delaware  Bay !  I  i!  156;  u,  11<J5 

Delaware  (steamboat),  removal  of  wreck  of. I.!!i'l75;ii,lIT2 

Del  Ma»f  (schooner),  removal  of  wreck  of \[[[  1t175;  n,!!^ 

Delray,  Mich.,  construction  of  bridge  across  Rouge  River  at ".'*...' i,534 

Delta  Point,  La.,  improvement  at,  by  Mississippi  River  Commission.  .i.5iS;  v.oUT 
Departments,  Execiitive,  Washington,  D.  C,  telegrapb  and  telephone  con- 
nect iou.s  between  £xecuti  ve  Mansion  and i  547  ■  ^^^  3734. 37k> 

Departments,  military,  reconnaissances  and  explorations  in. III..'...  i,552;  vi.:>T?^ 

Depot,  Engineer,  Willets  Point,  N.  Y V/.\\.!  i  6,7,32.570 

Deschutes  River,  Wash. :  ' 

Improvement  of  Olympia  Harbor 1.516;  iv,3()70 

Survey  of,  at  entrance  in  Olympia  Harbor I! . ! M II !  i! 524 ;  iv, 3i«&4 

Des  Moines  Rapids  Canal  and  Dry  Dock,  Mississippi  River/operaVing  and 

care ,,316;  nLl7?4 

Detroit  and  Lima  Northern  Railway  Company,  bridge  of l5W 

Detroit  River,  Mich.,  improvement  of 1111111111111,437;  iv.25?r 

Dewi8f  B.  L.  (schooner),  removal  of  wreck  of "III.I.III'.IIII \83,it'i 

District  of  Columbia.     See  Washington,  D.  C. 

Dividing  Creek,  Md.  (•««  La  Trappo  River) j,i69;  n,ll^l 

Division  engineers ^ l$ 

Divisions,  engineer Illlllillllll i^ 

Double  Bayou,  Tex.,  opening  channel  at  mouth .V.V-*.V-V.V.V.V*i!'^*  iLlal' 

Duck  Creek  (Smyrna  River),  Del. :  '       * 

Improvement  of Ll62*  n.UV 

Removal  of  wreck  in II -III'-IIIIIIII  i,  175;  n'n- 

Duck  Island  Harbor,  Conn.,  construction  of  harbor  of  refuge  V.V.V.......  1,94,1^^ 

Duluth  Harbor,  Minn. : 

Improvement  of ^ i  379.  iil222S 

Improvement  of  channels  in  connecting  waters  oif  Great  Lakes  between 

Buffalo, Chicago,  and j  424;  iv,i>4* 

Removal  of  wreck  in IIIIIIIIII i  di<o'  ni'^^' 

Dunkirk  Harbor,  N.  Y.,  improvement  of IIIIIIIIIII  I  l456'  ivJ274^ 

Duwaniish  River,  Wash. :  * 

Improvement  of  («e«Pu^et  Sound) i,514'  iv,3(^ 

Survey  of,  and  tributaries IIIIIII 1,525*  iv  SU*^ 

Dynamite  batteries ''''1111111..../,  \., !     \^ 

E. 

Eads,  James  B.,  improvement  of  South  Pass  of  MiBsissippi  River  bv  repre- 

sentativesof 1*^269*  ii  1**' 

East  Chester  Creek ,  N.  Y. ,  improvement  of \''  \ *^      i'  Ilk  9?* 

Eastern  Branch, Elizabeth  River,  Va.  {see  Norfolk  Harbor).'.".* i  193-  11, 1233 

Eastern  Branch,  Potomac  River,  D.  C. ;  '  *   '^ 

Improvement  of,  and  reclamation  of  flats ,|je 

a\ix\«>y  for  bridge  at  Washington .1*1.1."  *  i  541-  vi,  35^ 
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Eastern  Railway  Company  of  Minnesota^  bridges  of i,  535 

East  River,  N.  Y. : 

Harbor  lines  at  Brooklyn,  modification  of i,  34, 1028 

Harbor  lines  at  Long  Island  City,  modification  of i,  34, 1025 

Improvement  of 1,126,1036 

Survey  of  Wallabout  Channel i,  124 

Electric  light  and  power  plants  of  seaeoast  batteries i,  11 

Elizabeth  River,  N.  J.,  improvement  of i>  137, 1061 

Elizabeth  River,  Va. : 

Bridge  across  Southern  Branch,  at  Norfolk,  construction  of i,  534 

Norfolk  Harbor  and  its  approaches,  improvement  of i,  193 ;  ii,  1223 

Removal  of  wreck  of  steamer  Helen  Smith  in  Southern  Branch  . . .  i,  201 ;  li,  1234 
Waterway  from  Norfolk   Harbor   to  Albemarle   Sound,  improvement 

of 1,198;  11,1230 

Western  Branch,  improvement  of i,  195;  ii,  1225 

Elk  River,  Md.,  removal  of  wrecks  in i>175;  ii,  1173 

Elk  River,  Oreg.,  examination  of i,501;  iv,2997 

Elk  River,  Tenn.,  survey  of 1,347 

Elk  River,  W.Va.,  improvement  of ., i,  365;  in,  2137 

Embankments i,  13 

Emplacements  for  guns  and  mortars I78, 9 

Employees,  aid  to  injured 1, 36 

Endioott  Board 1,8 

Engineer  De|)ot,  Willets  Point,  N.  Y 1,6,7,32,570 

Engineer  divisions i.  36 

Engineers,  Battalion  of 1, 6, 7, 32, 569 

Engineers,  Chief  of,  officers  on  duty  in  office  of i,  553 

Engineer  School,  Willets  Point,  N.Y.. 1,5,32,565 

Engineers,  Corps  of: 

Changes  in  personnel i,  3 

Laws  of  Finy-fifth  Congress,  second  session,  affecting  the vi,  3789 

Number  and  distribution  of  officers Iy3, 4 

Officers  detached i.  4 

Engineers,  division i,  36 

Engineers,  The  Board  of i,  5, 557 

Erie  Canal,  N.  Y.,  preservation  of  bench  marks i,  551 ;  vi,  3778 

Erie  Harbor,  Pa. : 

Improvement  of i,  455;  iv,  2737 

Water  levels  i,551;  vi,3779 

Erie  Lake : 

See  aUo  Northern  and  Northwestern  Lakes. 

Survey  of  Starve  Island  Reef i,453;  iv,2705 

Water  levels i,551;  vi,3779 

Erie  Railroad  Company,  bridge  of i,533 

Escambia  River,  Fla.,  improvement  of i,  255 ;  11, 1403 

Escanaba,  Mich.,  water  levels  at i,  551 ;  vi,  3779 

EsopuB  Creek,  N.  Y.  (see  Saugertles  Harbor) i,  134, 1056 

Essex  River,  Mass.,  improvement  of i,  56, 852 

Estimates : 

Fortifications i,  32 

Rivers  and  harbors,  examinations,  surveys,  etc. ,  of i,  527 

Rivers  and  harbors,  improvement  of *. i,  33, 34 

Everett  Harbor,  Wash.,  improvement  of i,518;  iv,3075 

Examinations : 

Compilation  of 1,35 

Estimate  for i,  527 

Excelsior  (barge),  removal  of  wreck  of i,  84, 932 

Executive  Mansion  and  Departments,  Washington,  D.  C,  telegraph  and 

telephone  connections i»547;  vi, 3734, 3743 

Explorations  and  reconnaissances  in  military  departments i,  552 ;  vi,  3783 

Explosives  («e0  Submarine  mines) i,  12 

F. 

Fairbluff,  N.  C,  construction  of  bridge  across  Lumber  River  near i,  536 

Fairhaven  Harbor,  Mass.  (see  New  Bedford  Harbor) i,  74, 906 

Fairport  Harbor,  Ohio,  improvement  of i)449;  iv,  2676 

Falia,  Bogue,  La.,  improvement  of i,270;  ii,  1464 

Falls  of  Ohio  River,  Louisville,  Ky.,  improvement  of i,  347;  m,  1951 

Far  Rockaway ,  N.  Y.,  bridge  obstructing  Far  Rockaway  Bay  at i,  538 

Far  Rockaway  Bay,  N.  Y.,  bridge  obstructing V^^ 
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Far  Rockaway  Ferry  and  Improvement  Company,  bridge  of i,  538 

Feather  River,  Cal. :  .    . 

Improvement  bv  California  Debris  Commission i,530;  vi.3549 

Improveiiifnt  oi..... i»  -i^o  j  i  v?  2^42 

Femaudina,  Fla. : 

Defenses  of 1,26.713 

Improvement  of  waterway  to  Savannah,  G a i,  230;  ii,  1318 

Fishing  Creek,  N.  C,  improvement  of i,2()2;  ii,  1239 

Fii-e-mile  Creek,  Ala.,  survey  for  canal  to  Warrior  Kiver i,  269;  ii.  1446 

Five-mile  River  Harbor,  Conn.,  improvement  of i,  105,968 

Flathead  River,  Mont.,  improvement  of i,522;  iv,3081 

Fleming  (schooner),  removal  of  wreck  of 1, 177;  u.  1181 

Flint  River,  Ga.,  improvement  of - i,  251;  ii,  1383 

Flint  River,  Mich.,  survey  of i,439;  iv,2600 

Florida : 

Defenses  of  east  and  west  coasts 1,26,716 

Water-hyacinth  obstructions  in  watera  of i,  35 

Flushing  Ba*y,N.  Y.,  improvement  of i,  118,1008 

Forked  Deer  River.  Tenn.,  improvement  of i,  331,  333 ;  m.  1872 

Fort  Clinch,  Fla.,  defenses  at 1,8,26,713 

Fortifications: 

Appropriations  and  allotments i,  7, 9, 14 

Dynamite  batteries i.  U 

Emplacements i.  8, 9 

Estimates  of  appropriations  required i.  32 

Fortress  commander,  duties  of,  as  to  New  York  Harbor i,  11, 579 

Gun  and  mortar  batteries i,8 

Preservation  and  repair  of i,  13 

Projects 1. 8 

Sea  walls  and  embankments i,  13 

Sites  for,  acquisition  of 1. 13 

Submariuo  mines 1, 12 

Temporary  defenses 1. 8 

Temporary  occupation  of  land 1. 14 

Fort  Jackson,  La.,  defenses  at 1, 8, 744 

Fort  Knox,  Me.,  defenses  at i,  8, 14.583 

Fort  Macon,  N.  C,  defenses  at i,  8. 692 

Fort  Monroe,  Va.,  defenses  at i,  8, 2Ji.  679 

Fort  Morgan.  Ala.,  defenses  at i,  8, 13, 737 

Fort  P*oint  Ciiaunel,  Boston  Harbor,  Mass. : 

Construction  of  city  bridge  across 1. 533 

Construction  of  railroad  bridges  across i,d3^ 

Improvement  of  («cf  Boston  Harbor) 1,61.861 

Fort  Popham,  Me.,  defenses  at i .  8, 14, 5?<^ 

Fort  Pulaski,  Ga.,  defenses  at i,8,  26,7(»7 

Fortre8s  commander,  duties  of,  as  to  defenses  of  New  York  Harbor 1. 11. 579 

Fort  Trumbull.  Conn.,  defenses  at 1,8,18,612 

Fox  Kiver,  Wis. : 

Bridge  across  canal  at  Appleton,  reconstruction  of i,533 

Improvement  of I.  397 ;  ill,  235^ 

Improvement  of  Green  Bay  Harbor i.  387 ;  iii,  22^ 

Operating  .and  care  of  locks  and  dams i.  3*^*>;  in,  2396 

Property  and  rights  of  United  States  as  to i,  398 ;  in,  2:^ 

Frauds  (ship),  removal  of  wreck  of i,  1.5G;  ii,  1104 

Frankfort  Harbor,  Mich.,  improvement  of i,  421 ;  iv,  2529 

French  Broad  River,  Tenn.,  improvement  of i,  344;  in,  l9'St 

Friend,  Lottie  K.  (schooner),  removal  of  wreck  of  — i,  156 ;  n,  1104 

Fulton,  Ark. : 

Improvement  of  Red  River  above i,  291;  ii,  1588 

Improvement  of  Red  River  below i,  289 ;  ii,  1575 

G. 

Galena  River,  111.,  operating  and  care  of  lock  and  dam i,  316 ;  ni,  1802 

Galveston  Bay  and  Harbor,  Tex, : 

Defenses  of 1,13,29.765 

Galveston  Bay,  improvement  of  ship  channel i,  283 ;  n,  1505 

Galveston  Harbor,  improvement  of i,  2-2;  n.  1491 

UaVvealotk  Harbor,  modification  of  harbor  lines J.  34 ;  ii,  1571 

"Moigoii  C«\ia\, vniY^QiNwsiwit  <if  {%ee  Galveston  Bay )  i,  283 ;  ii,  15(15 
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Galveston  Bay  and  Harbor,  Tex. — Continued. 

Morgan  Canal,  operating  and  care 1, 284 ;  ii,  1507 

Survey  of •. i,  289 

Waterway  from  Gulf  of  Mexico  to   Houstou,  examination  and    sur- 
vey   1,288;  11,1515 

West  Galveston  Bay,  improvement  of  channel i,  284 ;  ii,  1507 

Galveston,  Brazos  aud  Southwestern  Railway  Company,  bridge  of i,  53^1 

Gasconade  River,  Mo. : 

Construction  of  bridge  across,  at  Rollins  Ferry i,  533 

Improvement  of,  by  Missouri  River  Commission i,  529 ;  vi,  3459 

Ganging : 

Columbia  River,  Greg,  and  Wa«h i,509;  iv,3042 

Mississippi  River  and  principal  tributaries i,  301 ;  ii,  1642 

Mississippi  River  at  St.  Paul,  Minn 1, 322;  in,  1831 

Northern  and  Northwestern  Lakes i,  551 ;  vi,  3779 

Gauley  River,  W.  Va.,  improvement  of i,366;  in,  2138 

Gedney  Channel,  New  York  Harbor,  N.  Y.,  improvement  of i,  127, 1038 

Genesee  River,  N.  Y.  (we  Charlotte  Harbor) i,463;  iv,2799 

George  Lake,  St.  Johns  River,  Fla.  (see  Yplnsia  Bar) i,  235 ;  li,  1330 

Georges  River,  Me.,  improvement  of 1,45,827 

Georgetown,  D.  C.    See  Washington. 

Georgetown,  S.  C,  defenses  of 1,8,25,706 

Georgia,  defenses  of  coast  of 1,25,707 

GillinghamfJ.E.{h&Tge)f  Temoy&\  of  wreck  of i>175;  ii,1173 

Glencove  Harbor,  N.  Y.,  improvement  of i»  H??  1007 

Gloucester  Harbor^  Mass.,  improvement  of 1,57,856 

Goshen  Creek,  N.  j.,  improvement  of i,  155 ;  ii,  1102 

Governor  Marvin  (steamer),  removal  of  wreck  of i,  245 ;  ii,  1343 

Gowanus  Bay  channels,  New  York  Harbor,  N.  Y.  {see  Bay  Ridge  Channel, 

etc.) 1,121,1016 

Gowanus  Canal,  New  York  Harbor,  N.  Y.  (see  Bay  Ridge  Channel,  etc.). ..  i,  121, 1016 

Gowanus  Creek  Channel,  New  York  Harbor,  N.  Y.,  improvement  of i,  122, 1020 

Grand  Calumet  River,  111.  and  lud. : 

Improvement  of i,  403;  iv,  2430 

Improvement  of  Calumet  Harbor i»402;  iv,  2425 

Grand  Haven  Harbor.  Mich.,  improvement  of i,  415;  iv,  2509 

Grand  Lake,  La.  («ee  Mermentau  River) 1^275;    ii,  1478 

Grand  Marais,  Mich.,  improvement  of  harbor  of  refuge i,  384 ;  in,  2285 

Grand  Marais,  Minn.,  improvement  of  harbor  at i,  378 ;  iii,  2217 

Grand  Rapids,  Wabash  River,  Ind.  and  111.,  operating  and  care  of  lock  and 

dam 1,351;  in,  1983 

Grand  River,  La.,  improvement  of i,  272;  ii,  1471 

Grand  River,  Mich. : 

Improvement  of i>416;  iv,  2511 

Improvement  of  Grand  Haven  Harbor i,  415 ;  iv,  2509 

Grand  River,  Ohio  (see  Fairport  Harbor) i,  449;  iv,  2676 

Grasae,  Sylvia  de  (steamer),  removal  of  wreck  of 1, 507 ;  i v,  3039 

Grays  Harbor,  Wash.,  improvement  of,  including  bar  entrance i,  512;  iv,  3059 

Great  Falls,  Potomac  River,  raising  heiffht  of  dam  at i,  545;  vi,  3658 

Great  Harbor,  Mass.  («e0  Woods  Hole  Cnannel) i,  73, 903 

Great  Kanawha  River,  W.  Va. : 

Improvement  of i,  363;  in,  2118 

Operating  and  care  of  locks  and  dams 1,365;  in,  2129 

Great  Lakes : 

Defenses  of  ports  in  New  York , i,  29, 773 

Improvement  of  channels  in  connecting  waters  of 1, 424 ;  iv,  2548 

Surveys,  and  correcting,  printing,  and  issuing  of  charta i,  547 ;  vi,  3745 

Water  levels 1,551;  v^,3779 

Great  Pedee  River,  S.  C,  improvement  of i,  213;  n,  1269 

Great  Salt  Pond,  Block  Island,  R.  I.,  improvement  of i,  83,  i»29 

Great  Sodus  Bay,  N.  Y.,  improvement  of  harbor  at i,  464;  iv,  2801 

Green  Bay,  Mich.,  water  levels  at  Kscanaba 1, 551 ;  vi,  3779 

Green  Bay  Harbor,  Fox  River,  Wis.,  improvement  of i,  387 ;  in,  2295 

Green  Jacket  Shoal,  Providence  River,  R.  1.,  removal  of i,  78, 918 

Green  River,  Ky.  : 

Improvement  above  mouth  of  Big  Barren  River  (Lock  No.  5) i,  3.53;  in,  1985 

Operating  and  care  of  locks  and  dams 1, 354 ;  in,  1993 

Reconstruction  of  Lock  No.  2,  at  Knnisey i,  352 ;  m,  1985 

Greenville   Harbor^    Miss.,    improvement    by  Mississippi    River  Commis- 
sion   i,528;v,3137 
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Greenwich  Harbor,  Conn.,  improvement  of 1,110,974 

Greenwood,  Miss.,  construction  of  bridge  across  Tazoo  River  at i,  531 

Gnlf  of  Mexico,  examination  and  survey  for  waterway  to  Houston i,  288 ;  ii,  1515 

Gulfport,  Miss,,  survey  of  channel  to  Ship  Island  Harbor i,  269 

Gull  Lake,  Minn.,  construction  of  reservoir  at i,  317 ;  iii,  1812 

Guns: 

Batteries 1.8 

Rapid-fire i,8 

Guyandotte  River,  W.  Va. : 

Construction  of  bridge  at  Salt  Rock i,533 

Improvement  of 1,368;  iii,2140 

H. 

Hackensaok,  N.  J.,  construction  of  bridge  across  Hackensack  River  at i.  534 

Hackensaok  River,  N.  J.,  construction  of  bridge  across,  at  Hackensack i,  534 

Hampton  Roads,  Va.,  defenses  of i,  8, 23, 679 

Hancock,  Mich.,  rebuilding  bridge  across  Portage  Lake  to  Houghton i.  537 

Harbor  lines,  establishment  of : i.34 

Davenport  Harbor,  Iowa i,  34;  in.  l'^»5 

East  River,  N.  Y.,  at  Brooklyn i,:J4,  ICJS 

East  River,  N.Y.,  at  Long  Island  City 1,34,1025 

Galveston  Harbor,  Tex i,  34;  ii,  1571 

Hudson  River,  N.  v.,  at  Yonkers i,  34.  Hj72 

St.Clair  River,  Mich.,  at  Port  Huron i,S4;  n\i6»)7 

St.  Joseph  Harbor,  Mich i.  34 

Sandusky  Harbor,  Ohio 1,34;  iv, 2733 

Savanuan,  (Ja i,34 

Harbors  and  rivers: 

Appropriations - 1,32,33,34 

Compilation  of  examinations,  sur^'eys,  projects,  and  appropriations i,  35 

Continuing  contracts i,  :^ 

Estimates  for  examinations,  surveys,  and  contingencies i,527 

Estimates  for  improvement  of i,  33, 34 

Expenditures  during  fiscal  year  1898 i,33 

Improvement  of i,32 

Harlem  River,  N.  Y. : 

Construction  of  bridge  across i,  533 

Improvement  of i,  124, 1(61 

Harlowe  River,  N.  C,  improvement  of  waterway  via i,  206 ;  ii,  1246 

Hartford,  Conn.,  improvement  of  Connecticut  River  below i,  91, 949 

Harwich,  Mass. : 

Examination  of  Herring  River 1,84,932 

Examination  of  Salt  Pond 1,84,934 

Harwich  (canal  boat),  removal  of  wreck  of i,  144^  io?2 

Havre  de  Grace,  Md.,  improvement  of  Susquehanna  River  above  and  be- 
low   I,  167;  11,1157 

Hawkins  Point,  Md.,  shore  protection  at i,  13,65^ 

Hay  Lake  Channel,  St.  Marys  River,  Mich.,  improvement  of i»427;  iv,  2572 

Haywood  County,  Tenn.,  bridge  of 1^536 

Hell  Gate,  East  River,  N.  Y.,  improvement  of i,  126/lfl86 

Hempstead  Harbor,  N .  Y.  (see  Glen  cove  Harbor) i,  Ht!  1007 

Henry,  Cape,  Light,  Va.,  removal  of  wreck  off i,  201 ;  11^  1235 

Herring  River,  Harwich,  Mass.,  examination  of i,  84, 932 

Herr  Island,  Allegheny  River,  Pa.,  Construction  of  lock  and  dam i.  376;  in,  2206 

Hillsboro  Bay  and  River,  Fla.,  improvement  of i,  246  j  11, 1857 

Hilton,  N.  C,  reconstruction  of  bridge  across  North  East  Branch,  Cape  Fear 

River,  at 1,537 

Holland  (Black  Lake)  Harbor,  Mich.,  improvement  of i,  414;  iv,2506 

Holland  Island  Bar  Light,  Chesapeake  Bay,  Md.,  removal  of  wreck  near.  1. 175;  11, 1172 

Hollis  Bridge,  Choctawhatchee  River,  Ala.,  construction  of  bridge  near i,533 

Holtray,  L.  (schooner),  removal  of  wreck  of \ i,  .52!  838 

Homochitto  River,  Miss.,  improvement  of i,  281  •  u  1489 

Hoq uiam  River,  Wash.,  construction  of  bridge  across .'     i  533 

Horn  Island  Harbor  and  Pass,  Miss. : 

Depth  on  bar  at  the  pass ii,  1441 

Survey  of [[[[      'i/2e9 

Houghton,  Mich.,  rebuilding  bridge  across  Portage  Lake  to  Hancock. ..'."..'.       i'.537 
Housatomc  River,  Conn.,  improvement  of 11***1, 97  95^ 
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Honsion,  Tex. : 

Examination  and  surrey  for  waterway  to  Gulf  of  Mexico i,  288;  ii,  1515 

Improyemeut  of  Buffalo  Bayou * i,  286;  ii,  1510 

Howard  University  Reservoir,  Washington,  D.  C,  constraction  of i,  545 ;  vi,  3658 

Hudson  River,  N.  Y. : 

Harbor  lines  at  Youkers,  establishment  of i,  34, 1072 

Improvement  between  Coxfiackie  and  Troy i,  131, 1047 

Improvement  of  Peekskill  Harbor i,  135, 1058 

Hamboldt  Harbor  and  Bay,  Cal. ,  improvement  of i,  477 ;  i v,  2948 

Huntington  Harbor,  N.  Y.,  improvement  of i,  116, 1005 

Huron  Harbor,  Ohio,  improvement  of i,  445;  iv,  2653 

Horou  Lake : 

See  aho  Northern  and  Northwestern  Lakes. 

Improvement  of  harbor  of  refuge  at  Sandbeach i,  432 ;  iv,  2583 

Water  levels i,5.51;  vi,3779 

Hutchinsons  Island,  Savannah  Harbor,  Ga.,  modification  of  harbor  lines  at . . .         i,  34 

Hyacinth,  water,  obstruction  of  Southern  rivers  by  the i,  35 

Hyannis,  Mass.,  improvement  of  harbor  of  refuge  at i,  70, 896 

Hydraulic  mining  m  California  (see  California  Debris  Commission).,  i,  530;  vi,  3549 

I. 

Illinois  and  Mississippi  Canal,  111. : 

Construction  of 1,406;  iv,  2447 

Operating  and  care  of,  around  Rock  River  Rapids i,  408;  iv,  2486 

Illinois  River,  111. : 

Bridge  at  Pekin,  construction  of i,  534 

Improvement  of 1, 404 ;  i v,  2436 

Operating  and  care  of  Lagrange  and  Kampsville  locks  and  dams,  i,  406;  iv,  2442 
Indiana  Chnte,  falls  of  Ohio  River,  Louisville,  Ky.,  improvement  of. .  i,  347;  iii,  1951 

Indian  River,  Fla.,  improvement  of i,  238;  ii,  1333 

Indian  River  Bay,  Del.,  improvement  of  waterway  via i,  166 ;  ii,  1156 

Indian  River  Inlet,  Fla.  (^m  Indian  River) 1,238;  ii,  1333 

Individuals,  occupanc v  and  iigury  of  public  works  by i,  35, 538 

Injured  employees,  aid  to i,  36 

Injury  to  public  works 1,35,538 

iBle  of  Wight  Bay,  Md.,  improvement  of  waterway  via i,  166 ;  ii,  1156 

J. 

Jackson,  Fort,  La.,  defenses  at i,  8, 744 

James  River,  Va. : 

Improvement  of i,  190 ;  ii,  1209 

Protection  of  Jamestown  Island i,  191 ;  ii,  1219 

Removal  of  wreck  of  steamer  Wyanoke i,  200 ;  ii,  1234 

Jamestown  Island,  James  River,  Va.,  protection  of if  191;  ii,  1219 

Jelferson  County,  Tex.,  bridge  of i,  535 

Jeky  1  Creek,  Ga.,  improvement  of  waterway  via i,  230 ;  ii,  1318 

Jonesboro,  Lake  City  and  Eastern  Railroad  Company,  bridge  of i,  532 

Judith.  Point,  R.  I.  T 

Construction  of  harbor  of  refuge 1,80,923 

Improvement  of  en  tran  ce  to  Point  Judith  Pond i,  80, 926 

Jupiter  Inlet,  Fla.  (»«e  Indian  River) i,238;  ii,  ia33 

K. 

Kabekona  Narrows,  Leech  Lake,  Minn.,  construction  of  bridge  across i,  534 

Kalamazoo  River,  Mich. : 

Improvement  of i,414;  iv,2506 

Improvement  of  Saugatuck  Harbor ir  ^13;  iv,  2.504 

Survey  of,  from  Saugatuck  to  New  Richmond 1, 424 ;  iv,  2537 

Kampsville  Lock  and  Dam,  Illinois  River,  111.,  operating  and  care. . .  i,  406;  iv,  2442 

Kennebec  River,  Me. : 

Defenses  of 1,14,583 

Improvement  of i,  45,  828 

Kenosha  Harbor,  Wis.,  improvement  of i,396;  ui,2333 

Kentucky  River,  Ky. : 

Improvement  of i,  355;  in,  2012 

Operating  and  care  of  locks  and  dams i,  356;  in,  2024 

Slerckhoff-Cnzner  Mill  and  Lumber  Company,  bridge  of i,  535 

[Kewaunee  Harbor,  Wis.,  improvement  of 1,390;  m,2312 
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Keweenaw  Bay,  Micb.,  improvenient  and  operating  and  care  of  waterway  to 

Lake  Superior 1,382,383;  111,2244 

Keweenaw  Point,  Mich.,  improvement  and  operating  and  care  of  water wav 

across i,  382, 383*;  in,  2244 

Keyport  Harbor,  N.  J.,  improvement  of 1,141,1067 

Key  West  Harbor,  Fla. : 

Defenses  of 1,13,^,720 

Improvement  of,  including  entrance It248;  ii,  1371 

Removal  of  wrecks  in  Man  of  War  Harbor i,  24d ;  ii,  1343 

Killpond  Bar,  Mass.,  removal  of  wrecks  on i,  84, 932 

Kill  van  KnlK  N.  Y.  and  N.  J.  («ee  Staten  Island— New  Jersey  cbnnnel) i,  136, 1080 

Kingston,  R.  I. : 

Constrnction  of  barbor  of  refa^e  at  Point  Judith i,  80, 923 

Improvement  of  entrance  to  Point  Judith  Pond i,  81. 926 

Survey  of  inner  barbor  at  Point  Judith  Pond 1,84,935 

Knox,  Fort,  Me.,  defenses  at 1,8,14,583 

Kootenai  River,  Mont. : 

Improvement  above  Jennings i,  521 ;  iv,  3079 

Improvement  between  Bonners  Ferry  and  international  boundary .  i,  521 ;  iv,  3078 

Lafonrobe  Bayou,  La.,  improvement  of i,  272 ;  ii,  1468 

Lagrange  Look  and  Dam,  Illinois  River,  III.,  operating  and  care i,  406;  it, 2442 

Lake  City,  Ark.,  construction  of  bridge  across  Lake  St.  Francis  near i,  532 

Lakes,  Great.    See  Northern  and  Northwestern  Lakea. 

Lamaan,  A,  D,  (schooner),  removal  of  wreek  of i,  201 ;  ii,  1235 

Land,  temporary  occupation  of,  for  defensive  purposes i,  14 

L'Anguille  River,  Ark.,  survey  of,  up  to  Marianna i,  308 ;  ii,  1678 

La  Trappe  River,  Md.,  improvement  of i,  169;  ii,  1161 

Laws : 

Fifty-fifth  Congress,  second  session,  affecting  Corps  of  Engineers vi,  37® 

Recommendation  for, in  aid  of  injured  employees i,36 

Xairton,  Kate  (schooner),  removal  of  wreck  of I i,  192 ;  n,  1221 

Leaf  River,  Miss.,  improvement  of i,  266;  ii,1442 

Leech  Lake.  Minn. : 

Bridge  across  Kabekona  Narrows,  construction  of i,534 

Operating  and  care  of  reservoir i,  318;  iii,  11^16 

Reservoir  at i,  317;  ui,1812 

Leflore  County,  Miss. : 

Construction  of  bridge  across  Yalobusha  River  in i,533 

Construction  of  bridge  across  Yazoo  River  by i,531 

Legislation : 

Laws  of  Fifty-fifth  Congress,  second  session,  affecting  Corps  of  Engi- 
neers   VI,  3789 

Recommendations  for.  in  aid  of  injured  employees i,36 

Lemon  Creek,  Staten  Island,  N.  Y.  (tM  Staten  Island — New  Jersey  chiuinel) .  i,  136, 100 
Levisa  Fork,  Big  Sandy  River,  Ky. : 

Improvement  of 1,371;  ni,21lo 

Plan  and  estimates  for  locks  and  dams i,  373;  iii,XlS8 

Lewes,  Del. : 

Bridge  across  Lewes  Creek,  constrnction  of 1^535 

Construction  of  iron  pier  in  Delaware  Bay  near i,  150 ;  n,  1098 

Improvement  of  waterway  from  Chincoteague  Bay,  Ya.,  to  Delaware 

Bay  near i,  166;  11, 1156 

Lewes  Creek,  Del .,  constrnction  of  bridge  across,  at  Lewes i,S85 

Lewiston,  Idaho,  constrnction  of  bridge  across  Snake  River  to  Concord, 

Wash 1^532 

Lewiston,  N.  Y.,  construction  of  bridge  across  Nlngara  River  at i,532 

Lewiston,  Brunswick  and  Bath  Street  Railway,  bridge  of 1,535 

Le wiston-Concord  Bridge  Company,  bridge  of 1^533 

Lewiston  Connecting  Bridge  Company,  bridge  of 1,53* 

Little  Assawaman  Bay,  Del.,  improvement  of  waterway  via i,  166 ;  ii,  1156 

Little  Calumet  River,  111.,  reconstruction  of  bridge  across i,^ 

Little  Egg  Harbor  Inlet,  N.  J.,  removal  of  wreck  in i^  156;  n,  IICI 

Little  Harbor,  Mass.  ( %ee  Woods  Hole  Channel) 1 i,  73, 908 

Little  Harbor,  N.  H.,  improvement  of  barbov  of  refuge i5L837 

Little  Kanawha  River,  W.  Va. :  ---    » 

Improvement  of 1,362;  in. 2113 

Opeiatm^  «bw(\.  <i«Jt^  o^  \^ck  and  dam i,363;  ui.2115 

Liittle  M.\xd  ^r?et ,  Qia. ,  Vtk^xw ^ol^mX.  q.1  ^ Ww6T'^0kY  via i^  230 ;  ii]  1318 
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Little  Pedee  River,  8.  C,  improTement  of i,213;  nyl2o7 

Little  Pigeon  River,  Tenn.,  improvement  of i,  345 ;  iii,  1937 

Little  River,  La.  (fe^  Red  River) i,289;  ii,  1575 

Little  Sodas  Bay,  N.  T.,  improvement  of  harbor  at i,  464 ;  iv,  2804 

Locke.    See  Canals. 

Logan,  Gen.  John  A.,  Bt»tae  of  (eee  Pablio  baildinga  and  groands) . .  i,  546 ;  vi,  3737 

Long  Bridge,  Washington,  D.  C.  (tee  Potomac  River) i,  178 ;  ii,  1183 

Long  Cove,  Conn.,  constraction  of  bridge  across i,  536 

Long  Island,  Charleston  Harbor,  S.  C,  oonstmction  of  bridge  across  Breach 

Inlet  at i,536 

Long  Island  City,  N.  T.,  modification  of  harbor  lines  in  East  River  at....  i,  34, 1025 

Long  Island  Sonnd,  defenses  of  eastern  entrance i,  13, 18, 612 

Lons  Tom  River,  Oreg.,  examination  of,  np  to  Monroe i,  509;  iv,  3045 

Lookout,  Cape,  Oreg.,  examination  of  harbor  at i,  502 ;  iv,  3001 

Lorain  Harbor,  Black  River,  Ohio : 

Improvement  of ^ ii^6;  iv,2658 

Survey  of i,454;  iv,2717 

Louisa  (Levisa)  Fork,  Big  Sandy  River,  Ky. : 

Improvement  of I|371;  iii,  2155 

Plan  and  estimates  for  locks  and  dams i,373;  iii,2159 

Louisiana,  water-hyacinth  obstructions  in  waters  of. i,  35 

Louisville,  Ky. ; 

Bridge  across  Louisville  and  Portland  Canal,  reconstruction  of i,  531 

Improvement  of  falls  of  Ohio  River,  including  Indiana  Chute  . ..  i,  347;  iii,  1951 

Operating  and  care  of  Louisville  and  Portland  Canal i,  349;  in,  1957 

Louisville  and  Nashville  Railroad  Compan v,  bridges  of i,  536 

Louisville  and  Portland  Bridge  Company,  bridge  of i,  531 

Louisville  and  Portland  Canal,  Ky. : 

Operating  and  care  of i,349;  in,  1957 

Reconstruction  of  bridge  across i,531 

Loutre,  Pass  a,  Mississippi  River,  La.,  closing  crevasse i,  280;  ii,  1487 

Lower  Machodoc  Creek,  Ya.,  improvement  of i,  184 ;  ii,  1197 

Labec  Channel,  Me.,  improvement  of i,  36,813 

Ludington  Harbor,  Mich.,  improvement  of , i,  418;  iv,  2522 

Lumber  River,  N.  C.,  construction  of  bridge  across i,  536 

Lynn  Harbor,  Mass.,  improvement  of i,59, 860 

M. 

Mdbeyf  R,  L,  (steamer),  removal  of  wreck  of i>^l}  n,  1321 

Machodoc  (Lower)  Creek,  Ya.,  improvement  of ^t'^^)  n^  1197 

McKeesport,  Pa. : 

Construction  of  bridge  across  Monongahela  River  at i,  531 

Reconstruction  of  bridge  across  Toughiogheny  River  at i,  535 

Ha^on  Bayou,  La.,  improvement  of i, 295;  n,  1616 

Hacon,  Fort,  M.  C,  defenses  at 1,8,692 

Hailboat  Slough,  Wash.,  survey  of i,523;  iv,3088 

Maine,  defenses  of  coast  of 1,14,583 

Maiden  River,  Mass.,  improvement  of i,  60^862 

Mamaroneok  Harbor,  N.  Y.,  improvement  of i,  113, 995 

Manasquan  River.  N.  J.,  improvement  of i,  143, 1070 

Manatee  River,  Fla.,  improvement  of 1,242;  n,  1338 

Manchac  Bayou,  La. ,  improvement  of i,  271 ;  ii,  1467 

Manchester  Harbor,  Mass.,  improvement  of 1,58,859 

Manistee  Harbor,  Mich.,  improvement  of 1^419;  iv,  2525 

Manitowoc  Harbor,  Wis.,  improvement  of i,  392 ;  iii,  2316 

Man  of  War  Harbor,  Key  West,  Fla.,  removal  of  wrecks  in i,  245 ;  ii,  1343 

Manokin  River,  Md.,  improvement  of i>172;  n,  1168 

Mantua  Creek,  N.  J.,  survey  of 1,158;  n,  1122 

Maps: 

Estimates  for  publication  of  military  and  other i,  552 

Northern  and  North W(>8 tern  Lakes i>^'i7;  vi,  3745 

Marcushook,  Pa.,  improvement  of  ice  harbor  in  Delaware  River  at  .. .  i,  149;  n,  1093 

Maria,  Anna  (schooner),  removal  of  wreck  of i,  156 ;  ii,  1104 

Marianna,  Ark.,  survey  of  L'Anguille  River  np  to i,  308 ;  ii,  1678 

Marietta,  Ohio,  construct!  on  of  bridge  across  Ohio  River  at i,  531 

Marietta  and  Williamstown  Bridge  Company,  bridge  of i,  ^1 

Marquette  Harbor  and  Bay,  Mich. : 

Construction  of  harbor  of  refuge  off  Presque  He  Point i,  883;  in,  2284 

Improvement  of  harbor 1,383;  ni,  2252 

Water  levels i,551j  vi,377S 
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Mississippi  River — Continued. 

Lontre,  Pass  a,  closing  crevasse i,  280;  ii,  1487 

Minneapolis  to  St.  Paul,  Minn.,  construction  of  Lock  and  Dam  No. 

2 1,316;  111,1809 

Missouri  River  to  Ohio  River,  improvement  from i,  310 ;  iii,  1698 

Missouri  River  to  St.  Paul,  Minn.,  improvement  from ^'^^£i  ^^^*  ^^'^^ 

Natchez,  Miss.,  improvement  at,  by  Mississippi  River  Commission .  i,  52o ;  v,  3137 

New  Orleans,  La.,  defenses  of 1,28,744 

New  Orleans,  La.,  improvement   at,   by  Mississippi   River  Commis-. 

sion 1,628;  v,3I37 

North  McGregor,  Iowa,  construction  of  bridge  at i,  532 

Ohio  River  to  Head  of  Passes,  improvement,  surveys,  etc 1,528;  v,  3137 

Ohio  River  to  Missouri  River,  improvement  from i,  310;  iii,  1698 

Pass  a  Loutre,  La.,  closing  crevasse i,  ^0;  ii,  1487 

Pokegama  Falls,  Minn.,  operating  and  care  of  reservoir i,  318;  iii,  1816 

Poke^ama  Falls,  Minn.,  reservoir  at i|317;  in,  1812 

Prairie  du  Cbien,  Wis.,  construction  of  bridge  at i,  532 

Reservoirs  at  head  waters,  construction  of i,  317 ;  in,  1812 

Reservoirs  at  head  waters,  operating  and  care i,  318 ;  ui,  1816 

Reservoirs   at  head   waters,  survey  of  Big  Stone  Lake  and   Lake 

Traverse i,322;  iii,  1834 

St.  Louis  Harbor,  Mo.,  improvement  of i,  312 ;  ni,  1730 

St.  Paul,  Minn.,  gaugingj. i,322;  iii,1831 

St.  Paul,  Minn.,   to    Minneapolis,    construction  of    Lock    and    Dam 

No.  2 1,316;  in,  1809 

St.  Paul,  Minn.,  to  Missouri  River,  improvement  from i,  314 ;  in,  1743 

Snag  boats  and  dredge  boats  on  upper  river,  operation  of i,  314;  in,  1733 

Snags  and  wrecks  in  lower  river,  removal  of i,  309:  in,  1687 

South  Pass,  La.,  inspection^  of  improvement  of i,  36, 269 ;  n,  1447 

Southwest  Pass,  survey  of 1,35,281;  n,  1488 

y icksburg  Harbor,  Miss.,  Improvement  of i,  297 ;  n,  1625 

Yidalia,  La.,  improvement  at,  by  Mississippi  River  Qommisstou..  1,528;  v,  3137 

Wrecks,  snags,  etc.,  in  lower  river,  removal  of i,  309 ;  in,  1687 

Wrecks,  snags,  etc.,  in  upper  river,  removal  of i,  314:  in,  1733 

Mississippi  River  Commission i,528;  y,3137 

Mississippi  River,  Hamburg  and  Western  Railway  Company,  bridge  of i,  531 

Mississippi  Sound,  defenses  of 1,28,737 

Missouri  Kiver: 

Improvement  between  Stubbs  Ferry  and  Sionx  City i,  32^ ;  in,  1811 

Improvement,  surveys,  etc  ,  below  Sioux  City i,  5::9 ;  vi,  3459 

Snagging  upper  river i.  329 ;  in,  1865 

Missouri  River  Commission i,529;  vi,3459 

Mobile  Harbor,  Ala. : 

Defenses  of 1,28,737 

Improvement  of i>259;  ii,  1425 

Moccasin  River,  N.  C.  (see  Conten tnia  Qrcek) i,  2(X1 ;  n,  1242 

Mokelnmue  River,  Cal.,  improvement  of i,  475 ;  iv,  2941 

Money  Point,  Norfolk  Harbor,  Va.,  removal  of  wreck  of  steamer  Helen 

Smith 1,201;  n,  1234 

Monongahela  Connecting  Railroad  Company,  bridge  of i,  535 

Monon^ahela  River,  W.  Va.  and  Pa. : 

Bridge  at  McKeesport,  Pa.,  construction  of 1, 531 

Bridge  at  South  Side,  Pittsburg,  Pa.,  construction  of  span i,  535 

Improvement  of i,  373;  in.  2173 

Operating  and  care  of  locks  and  dams i)374;  in,  2182 

Monroe,  La.,  construction  of  bridge  across  Ouachita  River  by  city  of i,  531 

Monroe,  Fort,  Va.,  defenses  at 1,8,23,679 

Monroe  Harbor,  Mich. : 

Improvement  of i,  44  0 ;  iv,  2612 

Removal  of  wreck 1^452;  iv,  2687 

Survey  of i,452;  iv,2689 

Water  levels i,  551 ;  vi,  3779 

Moosabeo  Bar,  Me.,  improvement  of i,  37, 815 

Morgan  Canal^  Tex. : 

Fxamination  and  survey  for  waterway  via i,  288 ;  ii,  1515 

Improvement  of  («ee  Galveston  Bay) i,  283 ;  n,  1505 

Operating  and  care i>284;  n,  1507 

Morgan,  Fort,  Ala.,  defenses  at 1,8,13,737 

Mortar  batteries i,8 

Mosgrove,  Pa.,  construction  of  bridge  across  Allegheny  River  near i,  535 
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lionnd  City,  111.,  prevention  of  MiuiBsippi  River  from  breaking  into  Cache 

River  at i,S13;  in,  1732 

Mount  Desert,  Me.,  construction  of  breakwater  to  Porcapine  Island i,  ^  817 

Monnt  Pleasant,  Charleston,  S.  C. : 

Construction  of  bridge  to  Sullivan  Island i,536 

Improvement  of  shore  at h^^^i  ii,1283 

Mud  Lake,  La.  (tee  Mermentau  River) i,275;  ii,  1478 

Mud  River,  Ga.,  improvement  of  waterway  via i,  230 ;  u,  1318 

Mud  River,  Ky .,  construction  of  bridge  across,  at  Rochester i,  533 

Muhlenbers  County,  Ky.,  bridge  of 1,633 

Mukwa,  Wis.,  construction  of  bridge  across  Wolf  River  by  town  of i,  534 

Murderk ill  River,  Del.,  improvement  of i,  1C8;  n,1152 

Muscle  Shoals  Canal.  Tennessee  River,  Ala.,  operating  and  care i,  344 ;  in,  1925 

Muskegon  Harbor,  Mich.,  improvement  of i*^17;  iy,2515 

Muskingum  River,  Ohio : 

Improvement  of i,361;  ui,2094 

Operating  and  care  of  locks  and  dams i,  361;  in,  2096 

Mystic  River,  Conn.,  improvement  of 1,88,945 

Mystic  River,  Mass.,  improvement  of 1,60,862 

N. 

Nandua  Creek,  Va.,  improvement  of 1,198;  ii,1229 

Nansemond  River^a.,  improvement  of i,  195;  n,  1226 

Nantiooke  River,  Del.  ana  Md. ,  improvement  of i,  171 ;  ii,  1166 

Nantucket,  Mass.,  construction  of  harbor  of  refuge i,71, 898 

Napa  River,  Cal.,  improvement  of 1,476;  iv,2948 

Narragansett  Bay,  R.  I. : 

Defenses  of 1,13,16,603 

Improvement  of 1,77,915 

Narraguagus  Bay,  Me.,  removal  of  wreck  at  Millbridge ,. i,  52, 838 

Narraguagus  River,  Me.,  improvement  of 1,38,816 

Narrows  of  Lake  Champlaitf,  N.  Y.  and  Yt.,  improvement  of. i,  ISO,  1046 

Natalbany  River,  La.  («eeTickfaw  River) i^STO;  ii,1465 

Natchez  Harbor,    Miss.,    improvement  of,   by  Mississippi  River  Commis- 
sion    1,628;  v,3137 

National  defense,  allotments  from  appropriation  for i,  7, 9, 14 

Naval  Observatory  grounds,  Washington,  D.  C,  survey  for  memorial  bridge 

across  Potomac  River  at 1,540;  vi,357S 

Navassa, N.  C. ,  reconstruction  of  bridge  across  Cape  Fear  River  at 1,537 

Navigable  waters,  bridges  across.    See  Bridges. 

Neah  Bay,  Wash.,  examination  of 1,523;  lVy3082 

Negro  Cat,  Indian  River  Inlet,  Fla.  (fee  Indian  River).. .j i,  238;  n,  1333 

Nehalem  River  (Bay),  Oreg.,  survey  of 1,503;  iv,  3009 

Nestngga  River,  Oreg.,  improvement  of i,491;  iv,2975 

Neuse  River,  N.  C. : 

Bridge  at  Newbern,  construction  of i,535 

Improvement  of 1,205;  11,1245 

Improvement  of  waterway  via 1,206;  ii,  1246 

Nevada  (schooner),  removal  of  wreck  of i,  52,838 

Newark,  N.  J.,  reconstruction  of  bridge  across  Passaic  River  at I'sss 

Newark  Bay,  N.  J. :  ' 

Improvement  of  (see  Staten  Island — ^New  Jersey  channel) i,  136, 1060 

Removal  of  wreck  in 1,144  1073 

New  Bedford  Harbor,  Mass. :  ' 

Defenses  of 1,16,601 

Improvement  of 1,74,906 

Newbern,  N.  C. : 

Bridge  across  Neuse  River,  construction  of 1^535 

Bridge  across  Trent  River,  construction  of ."       1,533 

Improvement  of  Neuse  River  at i,  2tL^-  n,1245 

Improvement  of  waterway  to  Beaufort,  N.  C i,  206;  u,  1246 

Newburyport  Harbor,  Mass.,  improvement  of 1,53,847 

Newcastle,  Del.,  improvement  of  ice  harbor  in  Delaware  River  at i,  160 ;  u,  1149 

New  Hampshire,  defenses  of  coast  of i  14  583 

New  Haven  Harbon  Conn. :  '     ' 

Construction  or  breakwaters j  96,958 

Defenses  of...     11*1,8118,615 

Improvement  of ----.-.....  l95  96$ 

Ne^  3  eise^— %\»«A«ii\%\Mid  channel,  improvement  of mrji  136, 1060 
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Kew  Kensington,  Pa.,  oonstniotion  of  bridge  in  Allegheny  River  at i,  535 

New  Kensington  Bridge  Company,  bridge  of i,  535 

New  London,  Conn.i  defenses  of 1,8,18,612,615 

New  Meadows  River,  Me.,  eonstruction  of  bridge  across i,  535 

New  Orleans  Harbor,  La. : 

Defensesof 1,28,744 

Improvement  by  Mississippi  River  Commission i,  528 ;  v,  3137 

Newport  Harbor,  R.  I. : 

Defensesof 1,16,603 

Improvement  of 1,79,921 

Newport  News,  Ya.,  removal  of  wreck  of  steamer  Wyanoke i,  200 ;  u,  1234 

Newport  River,  N.  C. : 

Improvement  of  Beanfort  Harbor 1,206;  ii,1247 

Improvement  of  waterway  from  Beanfort  to  New  River i,  207 ;  u,  1249 

Improvement  of  waterway  from  Ne wbern  to  Beanfort i,  206 ;  n,  1246 

New  River,  N.  C. : 

Improvement  of 1,208;  ii,1250 

Improvement  of  waterway  to  Beanfort,  N.  C h^^i  ii,  1249 

New  River.  Ya.  and  W.  Ya.,  improvement  of i,367;  ui,2140 

New  Shorenam,  Block  Island,  U.  I. : 

Improvement  of  Great  Salt  Pond 1,83,929 

Improvement  of  harbor  of  refnge 1,82,926 

Newton,  Ala.,  constrnction  of  bridge  across  Cboctawhatchee  River  near . . . .       i,  532 

Newtown  Creek,  N.  T. : 

Bridge  at  Greenpoint  avenue,  reconstruction  of i,  536 

Bridge  obstrnoting,  at  Yemon  avenue,  alteration  of i,  537, 538 

Improvement  of i,  123,1022 

Wreck,  removal  of 1,124,1025 

New  York  Central  and  Hudson  River  Railroad  Company,  bridge  of i,  534 

New  York  Harbor,  N.  Y. : 

Arthur  Kill,  improvement  of  (see  Staten  Island — New  Jersey  channel) .  i,  136, 1060 

Arthur  Kill,  removal  of  wreck i,  144,1072 

Bay  Ridge  Channel,  improvement  of,  including  triangular  area  to  Red 

Hook  Channel 1,121,1016 

Bronx  River,  construction  of  city  bridges 1,534 

Bronx  River,  improvement  of 1,114,999 

Buttermilk  Channel,  improvement  of l>121, 1016 

City  Island,  reconstruction  of  city  bridge  to  Pelham  Bay  Park i,  533 

Defensesof - 1,11,12,13,18,624 

East  River,  modification  of  harbor  lines  at  Brooklyn i,  34, 1028 

East  River,  modification  of  harbor  lines  at  Long  Island  City i,  34, 1025 

East  River,  survey  of  Wallabout  Channel i,  124 

East  River  and  Hell  Gate,  improvement  of 1,126,1036 

Flnshing  Bay,  improvement  of i,  118, 1008 

Fortress  commander,  duties  of,  as  to  defenses  at i,  11, 579 

Gedney  Channel,  improvement  of iyl27, 1038 

Gowanus  Bay  channels  (tee  Bay  Ridge  Channel,  etc. } i,  121, 1016 

Gowanas  Canal  (see  Bay  Ridge  Channel,  etc. ) i,  121, 1016 

Gowanns  Creek  Channel,  improvement  of 1,122,1020 

Harlem  River,  construction  of  city  bridge  across i,  533 

Harlem  River,  improvement  of 1,124,1031 

Hell  Gate,  East  River,  improvement  of 1,126,1036 

Improvement  of 1,127,1038 

Kill  van  Koll  (see  Staten  Island— New  Jersey  channel) i,  136, 1060 

Lemon  Creek  (see  Staten  Island — New  Jersey  channel) i,  136, 1060 

Main  ship  channel,  improven^ent  of i,  127,1038 

Newark  Bay,  improvement  of  (tee Staten  Island — New  Jersey  channel)  i,  136, 1060 

Newark  Bay,  removal  of  wreck 1,144,1072 

New  Jersey — Staten  Island  channel,  improvement  of i,  136, 1060 

Newtown  Creek,    alteration  of    city    bridge    obstructing,  at  Yemon 

avenue 1,537,538 

Newtown  Creek,  improvement  of 1,123,1022 

Newtown  Creek,  reconstruction  of  city  bridge  at  Greenpoint  avenue.. .       i,  536 

Newtown  Creek,  removal  of  wreck ii  124, 1025 

Pelham  Bay  Park,  reconstruction  of  city  bridge  to  City  Island i,  533 

Red  Hook  Channel,  improvement  of,  including  triangular  area  to  Bay 

Ridge  Channel 1,121,1016 

8pny ten  Dny vil  Creek,  construction  of  bridge i,  534 

Spnyten  Duyvil  Creek,  improvement  of  («ee  Harlem  River) i,  124, 1031 

Btaten  Island— New  Jersey  channel,  improvement  of i,  136, 1060 
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New  York  Harbor,  N.  Y.— Continued. 

Sapervision  of I,fi27;  iv,8131 

Triaiigolar  area  between  Bay  Ridge  and  Red  Hook  channels,  improve- 
ment of 1,121,1016 

Wallabout  Channel,  survey  of 1,124 

WreckB,  removal  of 1,124,128,144,1025,1041,1042,1073 

*  New  York,  New  Haven  and  Hartford  Railroad  Company,  bridges  of: 

Across  Fort  Point  Channel,  Boston,  Mass i,535 

Across  Sakonnet  River  at  Tiverton,  R.  1 1,538 

New  York,  Philadelphia  and  Norfolk  Railroad  Company,  bridge  of,  across 

Southern  Branch,  Elizabeth  River,  Va i,534 

New  York  State,  defenses  of  lake  ports  in 1,29,773 

Niagara  River,  N.  Y. : 

Bridge  at  Lewiston,  construction  of 1,533 

Improvement  between  Tonawanda  and  Port  Day i,  461 ;  iv,  2792 

Improvement  of  Buffalo  Harbor i,458;  IY,2756 

Improvement  of  Tonawanda  Harbor  and i,  460 ;  iv,  2788 

Nomini  Creek,  Va.,  improvement  of ly  1^;  u,  1195 

Nooksack  River,  Wash. : 

Construction  of  bridge  at  Orvis  Ferry i,534 

Improvement  of  (tea  Puget  Sound) i^^H;  iv,S068 

Norfolk  Harbor,  Va. : 

Bridge  across  Southern  Branch,  Elizabeth  River,  construction  of i,  534 

Defenses  of  Hampton  Roads 1,23,679 

Improvement  of,  and  its  approaches i,  193 ;  n,  1223 

Improvement  of  waterway  to  Albemarle  Sound,  N.  C i,  198 ;  n,  1230 

Improvement  of  Western  Branch,  Elizabeth  River i,  195 ;  n,  1225 

Wreck  of  steamer  jBTeZen  i9Bit<i^, removal  of ly^Ol;  ii,1234 

North  Carolina,  defenses  of  coast  of i,  24, 692 

North  East  (Cape  Fear)  River,  N.  C. : 

Improvement  of 1,209;  n,  1252 

Reconstruction  of  bridge  at  Hilton i,537 

Northern  and  Northwestern  Lakes : 

Defenses  of  ports  in  New  York 1,29,778 

Improvement  of  channels  in  connecting  waters i,  424 ;  i  v,  2548 

Surveys,  and  correcting,  printing,  and  issuing  of  charts i,  547;  vr,  3745 

Water  levels i,  551 ;  vi,3779 

North  Fork,  Forked  Deer  River,  Tenn.,  improvement  of i,  831, 333 ;  ui,  1872 

North  Hero  Island,  Lake  Champlain,  V t.,  improvement  of  channel  between 

South  Hero  Island  and i,  128 

North  Landing  River,  Va.  and  N.  C,  improvement  of  waterway  via. ..  i,  1^;  n,  1230 
North  McG rector,  Iowa,  construction  of  bridge  across  Mississippi  River  at. ..      1,533 

North  Point,  Sfd.,  shore  protection  at i,  13,668 

Northport,  Wash.,  construction  of  bridge  across  Columbia  River  at i,5Sl 

Northport,  Wis.,  construction  of  bridge  across  Wolf  River  at i,534 

North  River,  Fla.  (see  St.  Augustine  Harbor) i,  237;  u,  1333 

North  River,  N.  C,  improvement  of  waterway  via i,  198 ;  ii,  1230 

North  River,  Wash,  (tw  Willapa  River  and  Harbor) i,  511;  iv,  3060 

Nor  walk  Harbor,  Conn. : 

Improvementof i,  104, 9GS 

Survey  at  South  Norwalk 1,111,989 

Norwich  and  Worcester  Railroad  Company,  bridges  of. i,oS6 

Noxubee  River, Miss., improvement  of h^^i  u,  1440 

O. 

Oakland  Creek,  Cal..  alteration  of  bridge  at  Oakland 1,538 

Oakland  Harbor,  Cal. : 

Bridge  across  San  Antonio  Estuary  (Oakland  Creek),  alteration  of i,  538 

Improvement  of i|473;  iv,2935 

Obion  River,  Tenn.,  improvement  of i,  330, 333;  in,  1869, 1872 

OccoquanCreek,ya.,  improvementof i,  igO;  ii,  1190 

Occupancy  of  public  works 1,35,538 

Occupation  of  land  temporarily  for  defensive  purposes i,l4 

Ocklawaha  River,  Fla.,  improvement  of 1,236:  £1,1331 

Ocmulgee  River,  Ga. : 

Improvement  of 1,228;  ii,1310 

Removal  of  wreck  in 1,282;  ii,1321 

Oconee  River,  Ga..  improvement  of 1,227;  u,1308 

O  con  to  liatbot ,  '^  \a . ,  Vm^xoN  ^men  t  of i^  3S6 ;  mj  239S 
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Ooracoke  Inlet,  N.  C,  improvement  of i»201;  ii,  1237 

Office  of  the  Chief  of  Engineers, officen  on  duty i,553 

O^densborg  Harbor,  N.  T.,  improvement  of i,  468;  iv,  2812 

Onio  Kiver : 

Bellaire — Benwood  Bridge,  constrnction  of i,  531 

Dams  Nos. 2, 3, 4, 5, and  6,  constraction  of i,359;  iii,2060 

Davis  Island  Dam,  Pa.,  operating  and  care i,  358;  iii,20T7 

Falls  of,  indading  Indiana  Chnto,  improvement  of i,  347 ;  iii,  1951 

Ganging  («m  Mississippi  River) i,301;  ii,  1642 

General  improvement i,  356;  lu,  2042 

Loaisville  and  Portland  Canal,  operating  and  care i,  349 ;  lu,  1957 

Louisville  and  Portland  Canal,  reconstruction  of  bridge  across i,  531 

Marietta  to  Pittsburg,  survey  for  dams i,372;  in, 2157 

Marietta— 'Williamstown  Bridge,  construction  of i,  531 

Snag  boat,  operation  of i,  358;  iii,  2070 

Okanogan  River,  Wash.,  survey  of i,  526;  iv,3121 

Old  Colony  Railroad  Company,  bridges  of i,535 

Old  Harbor,  Chatham,  Mass.,  removal  of  wreck  in i,  69, 883 

Olympia  Harbor,  Wash. : 

Improvement  of i,516;  iv^307O 

Survey  of  Deschutes  River  at i»524;  iy,S094 

Ontario  Lake : 

See  aUo  Northern  and  Northwestern  Lakes. 

Defenses  of 1,29,773 

Water  levels i,551;  vi,3779 

Ontonaeon  Harbor,  Mich.,  improvement  of i,  381 ;  in,  2242 

Orange  Mills  Flats,  St.  Jonns  River,  Fla.,  plans  for  improvement  at. ..  i,  245 ;  n,  1343 

Orleans,  Mass.,  removal  of  wreck  on  Cape  Cod,  near i,  69^  883 

Orvis  Ferry,  Wash.,  construction  of  bridge  across  Nooksack  River  at i,  534 

Osage  County,  Mo.,  bridge  of i,  533 

Osage  River,  Mo.,  improvement  by  Missouri  River  Commission i,  529 ;  vi,  3459 

Oswegatchie  River,  N.  T.  {Bee  Ogdensburg  Harbor) i,  468 ;  iv,  2812 

Oswego  Harbor,  N.  T. : 

Improvement  of i,  465;  iv,2806 

Water  levels i,551;  vi,  3779 

Otter  Creek^  Yt.,  improvement  of 1,130,1045 

Ouachita  River,  Ark.  and  La. : 

Bridge  at  Monroe,  La.,  construction  of i,531 

Improvement  of i,293;  ii,  1594 

Survey  for  locks  and  dams i,302 

P. 

Palatka,  Fla.,  plans  for  improvement  of  St.  Johns  River  below i,  245 ;  ii,  1343 

Pamlico  River,  N.  C,  improvement  of i,203;  n,  1240 

Pamnnkey  River,  Ya.,  improvement  of i,  189;  ii,  1208 

Pascagoula  River,  Miss.,  improvement  of 1^265;  n,  1441 

Pasquotank  River,  N.  C,  improvement  of  .' i,  200;  n,  1233 

Passaic  River,  N.  J. : 

Improvement  of i,  135, 1059 

Reconstruction  of  bridge  at  Newark i,  533 

Pass  a  Loutre,  Mississippi  Kiver,  La.,  closing  crevasse i,  2&d ;  n,  1487 

Patapsco  River,  Md. : 

Defenses  of  Baltimore 1,13,21,658 

Improvement  at  Spring  Garden,  Baltimore ly  177 ;  n,  1 181 

Improvement  of  channel  to  Curtis  Bay i,  176;  ii,  1180 

Improvement  of,  including  channel  to  Baltimore i,  175 ;  ii,  1175 

Wrecks,  removal  of i,  177;  ii,  1181 

Patchogue  River,  N.Y.,  improvement  of i,  119, 1010 

Pawcatuok  River,  R.  I.  and  Conn.,  improvemeu t  of i,  85, 941 

Pawtncket  River,  R.  I.,  improvement  of i,  76,913 

Pearl  River,  Miss.,  improvement  of: 

Below  Jackson i,266;  ii,  1443 

Carthage  to  Jackson i|267;  ii,  1444 

Edinburgto  Carthage i,  267;  ii,  1445 

Pease  Creek,  Fla.,  improvement  of i>240;  ii,  1335 

Peekskill  Harbor,  N.Y.,  improvement  of 1,135,1058 

Pekin,  HI.,  construction  of  bridge  across  Illinois  River  at i,  534 

Pelham  Bay  Park,  New  York,  N.  Y..  reconstruction  of  bridge  to  City  Island.       i,  533 
Pend  Oreille  River,  Idaho  and  Wash.,  survey  of i,  526 ;  iv,  3124 
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Penobftoot,  Me. : 

Improvement  of  Bagadace  River  ftt X,4I^W 

Snrvey  of  Bagaduce  River  np  to  village  of 1,68,843 

PenobBCot  River,  Me. : 

Defenses  of 1,14,583 

Improvement  of 1,41,822 

Pensacola  Harbor,  Fla. : 

Defenses  of 1,27,725 

Improvement  of i,254;  n,1397 

PensanKee  Harbor,  Wis.,  improvement  of i,S87;  iii,2294 

Pentwater  Harbor,  Micb.,  improvement  of ^418;  iy,2520 

Peoria  and  Pekiu  Traction  Company,  bridge  of i,534 

Pere  Marqaette  Lake,  Micb.  (see  Ludington  Harbor) I7  418 ;  IT,  2522 

Ferry  (steamboat),  removal  of  wreck  of :  1,175;  n,  1172 

Petalama  Creek,  Cal.,  improvement  of i»477;  iv,gjg 

Petoskev  Harbor,  Micb.,  improvement  of h^^'t  IT,S5S6 

Pbiladelpbia,  Pa. : 

Defenses  of  Delaware  River 1,20,687 

Improvement  of  Delaware  River  at i>147;  u,  1085 

Improvement  of  Schuylkill  River i«148;  n,  1089 

Survey  of  Delaware  River  at  and  below i,  156;  11, 1105 

Survey  of  Schuylkill  River 1,157;  11, 1114 

Wreck  in  Schuylkill  River,  removal  of i,  156;  n,  1104 

Piers,  occupancy  or  injury  of 1,35,588 

Pigeon  bavous,  La.,  improvement  of. l»272;  ii,1471 

Pike  Creek,  Wis.  (tee  Kenosha  Harbor) i,396;  m,2333 

Pine  Lake,  Mich,  (tee  Charlevoix  Harbor) i»422;  iy,2532 

Pine  River,  Mich.,  improvement  of iy434;  iv,2588 

Pine  River,  Minn. : 

Operating  and  care  of  reservoir i,  318;  in,  1816 

Reservoir  at i,  317;  in,  1812 

Pittsburg,  Pa. : 

See  also  Ohio,  Monongahela,  and  Allegheny  rivers. 

Bridge  across  Allegheny  River  to  Sharpsbur^,  construction  of i,  537 

Brid}i:e  across  Monongahela  River  at  South  Side,  construction  of  span. .       i,  535 

Pittsburg  and  Lake  Erie  Railroad  Company,  bridge  of i,  535 

Pittsburg  and  Sharpsburp;  Bridge  Company,  bridge  of i,  587 

Plaquemme  Bayou,  La.,  impiovement  of '9  272;  ii,1471 

Plymouth  Harbor,  Mass.,  improvement  of i,  67,877 

Pooomoke  River,  Md.,  improvement  of ifl73;  ii,1168 

Point  Judith,  R.  I. : 

Construction  of  harbor  of  refuse 1,80,923 

Improvement  of  entrance  tg  Point  Judith  Pond 1,80,926 

Point  Judith  Pond,  R.  I. : 

Improvement  of  entrance ^ 1,80,926 

Survey  of  iuner  harbor 1,84,935 

Pokegama  Falls,  Mississippi  River,  Minu.: 

Operating  and  care  of  reservoir i,  318;  m,  1816 

Reservoir  at i,  317;  in,  1813 

PoUokHville,  N.  C,  reconstruction  of  bridge  across  Trent  River,  near i,536 

Ponchatoula  River,  La.  (tee  Tickfaw  River) i»270;  11, 1465 

Pontchartrain  Lake,  La.,  removal  of  wreck  in i,  281 ;  11, 1489 

Pophaui,  Fort,  Me.,  defenses  at i,  8, 14, 583 

Porcupine  Island,  Me. ,  construction  of  breakwater  to  Mount  Desert i,  38, 817 

Portage    Lake,    Manistee    County,    Mich.,    improvement    of    harbor    of 

refuge 1,420;  IY,2526 

Portage  Lake  and  River,  Houghton  County,  Mich. : 

Improving  and  operating  and  care  of  waterway  via 1,3^2,383;  in,  2244 

Rebuilding  bridge  between  Houghton  and  Hancock i^  fi37 

Port  Chester  Harbor,  N.  Y.,  improvement  of i,  112,993 

Port  Clinton  Harbor,  Ohio,  improvement  of i,  443 ;  iv,  2647 

Port  Huron,  Mich. : 

Construction  of  city  bridge  across  Black  River 1^533 

Harbor  linen  In  St.  Clair  River,  establishment  of i,  34 ;  iv,  2607 

Improvement  of  Black  River  at 1,433;  IV)2586 

Port  Jefferson  Harbor,  N.  Y.,  improvement  of 1,115^1008 

Portland,  Oreg. : 

Improvement  of  Willamette  River  above i,  504 ;  jy^  9Qfi5 

Improvement  of  WillameHe  River  below 1,506;  iY,d031 
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Portland  Harbor,  Me. : 

Defenses  of 1,14,583 

Improvement  of 1,47,832 

Port  Orford  Harbor,  Oreg. : 

Improyement  of '|479;  iy,2958 

Survey  of i,602;  iv,S003 

Port  Royal,  S.  C,  defensee  of 1,8,13,25,703 

Portamoath  Harbor,  N.  H.,  defenses  of i,  14,591 

Port  Washington  Harbor,  Wis.,  improvement  of i,  39S ;  iii,  2322 

Potomac  River : 

Aqnednct  Bridge  at  Washington,  D.  C,  repair  of i,  539 ;  vi,  3571 

Defenses  of  Washington,  D.  C 1,22,687 

Eastern  Branch  (Anacostia  River),  improvement  of i,  192 

Eastern  Branch  (Anacostia  River),  survey  for  bridge  at  Washington  i,  541 ;  vi,  3598 

Great  Falls  Dam,  raising  height  of i,  545 ;  vi,  3668 

Improvement  at  Washington,  D.  C if  178;  n,  1183 

Memorial  bridge  from  Washington,  D.  C,  to  Arlington  estate,  Va.,  survey 

for 1,540;  vi,3573 

Powow  River,  Mass.,  Improvement  of 1,55,851 

Prairie  du  Chien,  Wis.,  construction  of  bridge  across  Mississippi  River  at ..       i,  532 
Preliminary  examinations : 

Compilation  of i,  35 

Estimate  for i,527 

Presque  Isle  Bay  and  Peninsula,  Pa.  {see  Erie  Harbor) i,  455 ;  iv,  2737 

Projects  for  river  and  harbor  improvements,  compilation  of i,  35 

Providence  River,  R.  I. : 

Improvement  of i,  77, 915 

Removal  of  Green  Jacket  Shoal,  at  Providence i,  78, 918 

Provincetown  Harbor.  Mass.,  improvement  of ^ i,  68, 879 

Public  buildings  and  grounds,  District  of  Columbia,  improvement  and 

care i,546;  vi,3661 

Public  works,  occupancy  and  ipjury  of 1,35,538 

Puget  Sound,  Wash. : 

Defensesof 1,13,32,803 

Improvement  of,  and  tributaries i}514;  IY,3066 

Improvement  of  waterway  to  lakes  Union  and  Washington i,  516 ;  iv,  3072 

Pulaski,  Fort,  Ga.,  defenses  at 1,8,26,707 

Puyallup  River,  Wash.,  survey  of  mouth  of i)524;  iv,3098 

Q. 

Queen  Anne's  Railroad  Company,  bridge  of i,  535 

Queenstown  Harbor,  Md. ,  improvement  of i,  174 ;  ii,  1170 

Quillayute  Harbor  and  River,  Wash.,  survey  of i,  524 ;  iv,  3090 

Qaincy,  III.,  reconstruction  of  bridge  across  Quincy  Bay  at i,  533 

Quincy  Bay,  HI. : 

Improvement  of  (fee  Mississippi  River) i>314;  lu,  1743 

Reconstruction  of  bridge  at  Quincy i,533 

Quinnipiac  River,  Conn,  (aee  New  Haven  Harbor) 1,95,955 

Quonocontaug,  R.  I.,  removal  of  wreck  off 1,84,931 

•r. 

Racine  Harbor,  Wis.,  improvement  of i,395;  in,  2330 

Raisin  River,  Mich. : 

Improvement  of  Monroe  Harbor i,  440;  iv,  2612 

Survey  of  Monroe  Harbor I,'t52;  IY,2689 

Wreck  in  Monroe  Harbor,  removal  of i,  452;  iv,  2687 

Rancocas  River,  N.  J.,  improvement  of i,  153;  n,  1097 

Rapid-fire  guns i,  8 

Rapid  Railroad  Company,  bridge  of i,  534 

Rappahannock  River,  Va.,  improvement  of i,  184 ;  ii,  1198 

Raritan  Bay,  N.  J.,  improvement  of i,  139, 1065 

Raritan  River,  N.  J.,  improvement  of ^ 1,137,1062 

Reconnaissances  and  explorations  in  military  departments i,  552 ;  vi,  3783 

Red  Hook  Channel,  New  York  Harbor,  N.  Y.,  improvement  of,  including  tri- 
angular area  to  Bay  Ridge  Channel i,  121, 1016 

Red  Lake  and  Red  Lake  River,  Minn,  {see  Red  River  of  the  North).,  i,  320;  lu,  1827 
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8t.  Clair  River  and  St.  Clair  Flats  Canal,  Mich. : 

Harbor  lines  at  Port  Hnron,  -establishment  of i,  34 ;  iv,  2607 

Improvement  of  canal 1,435;  iv,2591 

Operating  and  care  of  canal i,436;  iv,2592 

St.  Croix  River,  Wis.  and  Minn.,  improvement  of i,  320 ;  m,  1823 

St.  Francis  Lake,  Ark.,  constrnction  of  bridge  across,  near  Lake  City 1,632 

St.  Francis  River,  Mo.  and  Ark. : 

Improvement  in  Arkansas i,307;  u,  1673 

Improvement  in  Missouri i,  308;  ii,  1675 

Survey  np  to  Wittsburg,  Ark i,308;  u,1678 

St.  Johns  Kiver,  Fla. : 

Defenses  of 1,8,26,716 

Improvement  at  Orange  Mills  Flats,  plans  for i,  245 ;  ii,  1343 

Improvement  between  Jacksonville  and  the  ocean i,  234;  ii,  1327 

Improvement  of  Yolnsia  Bar i»235;  u,  1330 

St.  Joseph  River  and  Harbor,  Mich. : 

Harbor  lines  at  St.  Joseph,  modification  of i,  34 

Improvement  of  harbor ly^lO;  iv,2494 

Improvement  of  river i»411;  iv,2499 

St.  Lawrence  River,  N.  Y. : 

Improvement  of  Cape  Vincent  Harbor i,466;  iv,2809 

Improvement  of  Ogdensbnrg  Harbor h^^{  iv,28]2 

Improvement  of  shoals  between  Sister  Islands  and  Crossover  Light,  and 

between  Ogdensbnrg  and  Lake  Ontario i»467;  iy,2810 

St.  Louis,  Mo.,  improvement  of  harbor  at i»312;  ui,  1730 

St.  Louis  Bay  and  River,  Minn,  and  Wis.  {see  Duluth  and  Superior  Har- 
bor)  1,379;  ui,2223 

St.  Lucia  Inlet  and  River,  Fla.,  survey  of 1)246;  ii,  1348 

St.  Martin  Parish,  La.,  bridge  of i,536 

St.  Martinville,  La.,  construction  of  bridge  across  Bayou  Teche  at  Breaux 

Bridge i,536 

St.  Marys  Falls  Canal,  Mich. : 

Commerce  of,  for  calendar  year  1897 iv,2564 

Operating  and  care i>427;  iv,2561 

St.  Marys  River,  Mich. : 

Commerce  passinff,  for  calendar  year  1897 iv,  2564 

Improvement  at  the  falls iy426;  iv,  2554 

Improvement  of  Hay  Lake  Channel i>427;  iy,2572 

Operating  and  care  of  St.  Marys  Falls  Canal 1^427;  iv,2gpl 

Water  levels  at  Sault  Ste.  Mane i,  551;  vi,  3R0 

St.  Paul,  Minn.,  gau^ng  Mississippi  River  at i,  322 ;  ui,  1881 

St.  Paul,  Minneapolis  and  Manitoba  Railway  Company,  bridges  of i,  534 

Sakonnet  River,  K.  I. : 

Bridge  obstrncting,  at  Tiverton •....      i,  538 

Increasing  width  and  depth  of  draw  opening  in  stone  bridge i?  76;  911 

Salem,  Oreg.,  survey  of  Willamette  River  opposite i,  510 ;  iv,  3051 

Salmon  Bay,  Wash.,  improvement  of  waterway  via i,  516 ;  i v,  3072 

Salt  Pond,  Harwich,  Mass.,  examination  of i,  84, 934 

Salt  Rock,  W.  Ya.,  constrnction  of  bridge  across  Qnyandotte  River  at i,  533 

San  Antonio  Estuary,  Oakland,  Cal.,  alteration  of  bridge  across i,  538 

Sandbeach,  Lake  Huron,  Mich. : 

Improvement  of  harbor  of  refuge i|432;  iy,2583 

Water  levels i,551;  vi,3779 

San  Diego  Harbor,  Cal : 

Defenses  of i,  30, 775 

Improvement  of 1,470;  iv,2927 

SandusKy  Harbor,  Ohio: 

Harbor  lines,  establishment  of i,34;  iy,2733 

Improvement  of i,443;  iv,2650 

Survey  of  bar  at  mouth i,454;  iv,2708 

Sandy  Bay,  Cape  Ann,  Mass.,  construction  of  harbor  of  refuge i,  56, 853 

Sandy  Hook,  N.  J.,  defenses  at 1,12,19,20,631 

Sandy  Lake,  Minn. : 

Operating  and  care  of  reservoir « i,  318;  in,  1816 

Reservoir  at i,317;  lu,  1812 

San  Francisco  Harbor  and  Bay,  Cal: 

Defenses  of 1,8,11,30,779 

Improvement  of  Oakland  Harbor i|473;  iv,2935 

Survey  of  certain  rocks  in  harbor i,  469;  iv,  2923 

San  Jacinto  River,  Tex.,  examination  and  survey  for  waterway  via. ..  i,  288;  n,  1515 
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Snake  River,  Idaho  and  Waah. : 

Bridge  between  Lewiston,  Idaho,  and  Concord,  Wash.,  constraction  of..      i,  532 

Improvement  np  to  Asotin,  Wash i,493;  iv,  2977 

Survey  np  to  Riparia,  Wash i,503;  iv,3018 

Snohomish  River,  Wash. : 

Improvement  of  (t00  Paget  Sound) i>SI^i  IV|3066 

Improvement  of  Everett  Harbor 1,518;  iv,3075 

Snoqualmie  River,  Wash.  (900 Paget  Sonnd) i|6I^;  iv,3066 

Solomons  Lamp  Lis^t,  Chesapeake  Bay,  Md.,  removal  of  wreck  near,  i,  175;  11, 1172 
Sonoma  Rook,  San  Francisco  Harbor,  Cal.  {see  Two  Mission  Rocks) . .  i,  469;  iv,  2923 
South  Bass  Island,  Lake  Erie,  Ohio,  survey  of  Starve  Island  Reef  near,  i,  453;  iv,  2705 
South  Branch,  Chicago  River,  111. : 

Construction  of  bridge  across  South  Fork  of. i,533 

Improvement  of 1,401;  IV,  2421 

South  Carolina,  defenses  of  coast  of 1,24,697 

South  Chicago  Harbor,  111.  (900  Calumet  Harbor) i,  402 ;  iv,  2425 

Southeastern  and  Atlantic  Railroad  Company,  bridge  0/ i,  534 

Southern  Branch,  Elizabeth  River,  Ya. : 

Bridge.at  Norfolk,  construction  of i,  534 

Improvement  of  (800  Norfolk  Harbor) i,193;  11, 1228 

Wreck  of  steamer  ^02011  ^SmitA,  removal  of h^^f  u,  1234 

Southern  Pacific  Company,  bridge  of i,537 

Southern  rivers,  water-hyacinth  obstructions  in i,  35 

South  Fork,  Forked  Deer  River.  Tenn.  (000  Forked  Deer  River) i>331;  in,  1872 

South  Fork  of  South  Branch,  Cnioago  River,  111. : 

Constraction  of  bridge  across i,533 

Improvement  of. ; If  401;  iv,2421 

South  Haven  Harbor,  Mich.,  improvement  of i,  412 ;  iv,  2501 

South  Hero  Island,  Lake  Champlain,  Vt.,  improvement  of  channel  between 

North  Hero  Island  and i,  128 

South  Milwaukee  Harbor,  Wis.,  improvement  of i,  895 ;  ui,  2328 

South  Norwalk  Harbor,  Conn. : 

Improvement  of  (000  Norwalk  Harbor) i,  104,966 

Survey  of 1,111,989 

South  Pass,  Mississippi  River,  La.,  inspection  of  improvement  of.,  i,  36, 269;  11, 1447 

Sonthport,  N.  C,  defenses  at i,693 

South  River,  N.  J.,  improvement  of 1,138,1064 

South  Side,  Pittsburg,  Pa.,  oonstruction  of  bridge  span  in  Monongahela 

River  at i,535 

Southwest  Pass,  Mississippi  River,  survey  of i,  35, 281 ;  n,  1488 

Springdale,  Pa.,  construction  of  lock  and  dam  in  Allegheny  River  at.  i,  376;  lu,  2206 
Spring  Garden,  Baltimore,  Md.,  improvement  of  Patapsoo  River  at..  1,177;  11, 1181 
Spuyten  Duyvil  Creek,  N.  Y. : 

Construction  of  bridge  across i,5S4 

Improvement  of  (000  Harlem  River) 1,124,1031 

Squan  River,  N.  J.  (000 Manasquan River).... i,  143,1070 

Stage  Harbor,  Mass.  (000  Chatham  Harbor) 1,69,882 

Stamford  Harbor,  Conn.,  improvement  of 1,107,970 

Starve  Island  Reef,  Lake  Erie,  Ohio,  survey  of i,  453 ;  1  v,  2705 

Staten  Island — New  Jersey  channel,  improvement  of i,  136, 1060 

Steamboat  River,  Minn . ,  construction  of  bridge  across i,  534 

Stillaguamish  River,  Wash.  (000  Puget  Sound) i,  514 ;  iv,  3066 

Stookbridge  Landing,  Lake  Winnebago,  Wis.  (000  Fox  River) i,  397;  ill,  2338 

Stonington,  Conn. : 

Constraction  of  harbor  of  refuge 1,86,944 

Defenses  of ! 1,8,18,615 

Structures  built  by  the  United  States,  occupancy  or  injury  of i,  35, 538 

Sturgeon  Bay  and  Lake  Michigan  Canal,  Wis. : 

Construction  of  harbor  of  refuge  at  eastern  entrance i,  389 ;  ni,  2308 

Improvement  of i,388;  111, 2297 

Operating  and  care i,389;  ui,2303 

Submarine  mines i,  12 

Sullivan  Falls.  Sullivan  River,  Me.,  improvement  of  harbor  at i,  39, 818 

Sullivan  Islana,  Charleston  Harbor,  S.  C. : 

Construction  of  bridge  across  Breach  Inlet \ i,  536 

Construction  of  bridge  to  Mount  Pleasant i,  536 

Improvement  of  shore  at i|219;  11, 1283 

Sullivan  River,  Me. ,  improvement  of  harbor  at  Sullivan  Falls i,  39, 818 

Sulphur  River,  Ark.  and  Tex.  (000  Red  River) 1,289;  11, 1675 

Superior  Bay,  Minn,  and  Wis. : 

Improvement  of  (000  Duluth  and  Superior  Harbor) i,  379 ;  iii,  2223 

Removal  of  wreck  in \;^«b\  \».>*J£a5\ 
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Tolomato  Rivcf;  Fla.  (see  St.  Aogastine  Harbor) i,  237 ;  ii,  1332 

Tombiffbee  River,  Ala.  and  Miss.,  improvement  of: 

CoTumbas  to  Falton,  Miss i)264;  ii,  1434, 1439 

Demopolis,  Ala.,  below i,262;  11,1434,1436 

Demopolis,  Ala.,  to  Colnmbns,  Miss i,  263;  ii,  1434, 1438 

Fulton  to  Walkers  Bridge.  Miss i;264;  11,1434,1440 

Tonawanda  Harbor,  N.  Y.,  improvement  of i,  460;  iv,  2788 

Tongae  Point,  Columbia  Kiver,  Oreg.,  improvement  below i,  507 ;  i v,  3039 

Torpedoes i,  12,13 

Town  River,  Mass.,  improvement  of i,  64, 872 

Tradewater  River,  Ky .,  improvement  of i,  352 ;  iii,  1985 

Trail  Creek,  Ind.  (see  Michigan  City  Harbor) i,  409;  iv,  2489 

Traverse  Lake.  Minn.,  survey  for  reservoir i,  322 ;  iii,  1834 

Trent  River,  N.  C. : 

Bridge  at  Newbem,  construction  of i,  533 

Bridge  near  Polloksville,  reconstruction  of  pivot  pier i.  536 

Improvement  of i,  204;  ii,  1243 

Triancular  area  between  Bay  Ridge  and  Red  Hook  channels,  New  York  Har- 
bor, N.  Y.,  improvement  of 1, 121, 1016 

Trinity  River,  Tex.,  improvement  of i,  285;  ii,  1508 

Trumbull,  Fort,  Conn.,  defenses  at 1,8,18,612 

Tualitin  River,  Oreg.,  survey  of,  including  Dairy  Fork if  511 ;  iv,  3053 

Tug  Fork,  Big  Sandy  River,  W.  Va.  and  Ky. : 

Improvement  of i»371;  in,  2152 

Plan  and  estimates  for  locks  and  dams i,  373;  ui,  2159 

Turkey  Point,  Elk  River,  M  d.,  removal  of  wrecks  near i,  17o ;  n,  1173 

Twelve.mileCreek,N.Y.(«f«  Wilson  Harbor) i,463;  iv,2795 

Twin  Rivers,  Wis.  («w  Two  Rivers  Harbor) i,391;  in,  2315 

Two  Mission  Rocks,  San  Francisco  Harbor,  Cal.,  survey  of i,  469 ;  i v,  2923 

Two  Rivers  Harbor,  Wis.,  improvement  of i,  391;  in,  2315 

U. 

Umpqua  River,  Oreg. : 

Examination  of i,601;  iv,2991 

Improvement  of i,486;  iv,2967 

Union  Lake,  Wash.,  improvement  of  waterway  via i,  516 ;  iv,  3072 

Union  River,  Me. : 

Improvement  of i,  40, 819 

Survey  of 1,52,839 

United  Railroads  of  Washington, bridges  of i,533 

United  States  Engineer  School,  Willets  Point,  N.  Y i,5, 32, 565 

Urbana  Creek,  Va. : 

Improvement  of i,  186;  n,  1202 

Removal  of  wreck  in i»192;  ii,  1221 

Use  of  structures  built  by  the  United  States 1,35,538 

V. 

Vermilion  Bayou,  La.,  improvement  of  channel,  bay,  and  passes i,  275;  ii,  1477 

Vermilion  Harbor,  Ohio,  improvement  of i,  445 ;  i v,  2656 

Vicksburg  Harbor,  Miss.,  improvement  of i,  297 ;  n,  1625 

Vidalia  Harbor,  La.,  improvement  of,  by  Mississippi  River  Commission,  i,  528;  v,  3137 

Vinalhaven,  Me.,  improvement  of  Carvers  Harbor i,  44, 826 

Vineyard  Haven,  Mass. : 

Improvement  of  harbor  at 1,72,901 

-  Removal  of  wreck  in  harbor  at i,  84, 931 

Vineyard  Sound,  Mass.,  removal  of  wrecks  in i,  83, 84, 931, 932 

Volusia  Bar,  St  Johna  Kiver,  Fla.,  improvement  of i,  235 ;  u,  1330 

W. 

Wabash  River,  Ind.  and  111. : 

Improvement  above  Vincennes i»351;  iii,  1970, 1982 

Improvement  below  Vincennes i,3o0;  in,  1970, 1981 

Operating  and  care  of  Qrand  Rapids  Lock  and  Dam i,  351;  in,  1983 

Waccamaw  River,  N.  C.  and  S.  C,  im pro vement  of i,  212 ;  n,  1265 

Wakefield,  Va.,  damage  to  wharf  at  Bridge  Creek  Landing i,  546 ;  vi,  3738 

Wallabont  Channel,  N.  Y.,  survey  of i,  124 

Walton  County,  Fla.,  bridge  of 1,536 

Wappoo  Cut,  S.  C,  improvement  of 1,220;  n,  1286 
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Warrior  River,  Aim.:  ^  ^  

Canal  to  Fiye-mile  Creek,  anrvey  for Xy^^Q;  ii,lU6 

Improvement  below  Tuscaloosa Xy^Sl;  u,  1434 

Improvement  between  Tuscaloosa  and  Daniels  Creek i,  260 ;  u,  1430 

Operating  and  care  of  locks  and  dams  above  Tuscaloosa i»  361 ;  n,  1431 

Warwick  River,  Md.,  improvement  of 1,169?  11,1163 

Washington.  D.  C: 

Anacostia  River,  improvement  of i,  192 

Anacostia  River,  sarvey  for  bridge  across i>541;  vi,3598 

Aqueduct  Bridge  across  Potomac  River,  repair  of i,  539 ;  vi,  3571 

Aqueduct,  increasing  city  water  supply 1,545;  vi,3658 

Aqueduct,  maintenance  and  repair  of 1*543;  vi,9625 

Aqueduct,  raising  height  of  Great  Falls  Dam 1,545;  vi,3658 

Aqueduct   Tunnel    and    Howard    University  Reservoir,  construction 

of 1,545;  vi,3^8 

Defenses  of 1,22;  667 

Memorial  bridge  across  Potomac  River  to  Arlington  estate,  survey 

for 1,540:  vi,3573 

Potomac  River  at,  improvement  of ^178;  n,  1183 

Public  buildings  and  grounds  and  Washington  Monument .  i,  546;  vi,  3661, 3667 

Rock  Creek,  puuis  and  estimates  for  bridge h^^j  vi,3606 

Washington  Lake,  Wash.,  improvement  of  waterway  to  Paget  Sound,  i,  516 ;  iv,  3072 

Wassaw  Sound,  Qa.,  defenses  at 1,25,711 

Waterboro  Rapids,  Conewango  Creek,  N.  T.,  survey  for  removal  of.,  i,  377 :  m,  2211 

Wateree  River.  S.  C,  improvement  of i»2l7;  n,  1278 

Water-hyacintn  obstructions  in  Southern  rivers 1,35 

Water-level  observations : 

Columbia  River,  Oreg.  and  Wash i,509;  rv,3042 

Mississippi  River  and  principal  tributaries 1,301;  ii,1642 

Mississippi  River  at  St.  Paul,  Minn 1,322;  ui,1831 

Northern  and  Northwestern  Lakes ^551;  vi,  3779 

Waterways : 

See  also  Canals. 

Albemarle  Sound,  N.  C,  to  Norfolk,  Va.,  improvement  of i,  198;  ii,  1230 

Beaufort,  N.  C,  to  Newborn,  improvement  of 1,206;  ii,1246 

Beaufort,  N.  C,  to  New  River,  improvement  of 'l?^  >  ^>  ^^ 

Beaufort,  S.  C,  to  Savannah,  Ga.,  improvement  of  ($ee  Savannah  Har- 
bor)   1,221;  11,1291 

Chincoteague  Bay.  Va.,  to  Delaware  Bay,  Del.,  improvement  of.,  i,  166;  n,  1156 
Delaware  Bay,  Del.,  to  Chincoteague  Bay,  Va.,  improvement  of.,  i,  166;  ii,  1156 

Femandina,  Fla. ,  to  Savannah,  Ga.,  improvement  of. i,  230 ;  ii,  1318 

Keweenaw  Bay  to  Lake  Superior,  Mich.,  improvement  and  operating 

and  care 1,382,383;  in, 2244 

Newborn  to  Beaufort,  N.  C,  improvement  of i,  206;  ii,  1246 

New  River  to  Beaufort,  N.  C,  improvement  of i,  207;  ii,  1249 

Norfolk, y a.,  to  Albemarle  Sound,  N.  C,  improvement  of i,  196 ;  n,  1230 

Portage  Lake  and  Lake  Superior  canals,  Mich.,  improvement  and  operat- 
ing and  care 1,382,383;  iii,2244 

Puget  Sound  to  lakes  Union  and  Washington,  improvement  of. . .  i,  516 ;  rv,  3073 

Salmon  Bay,  Wash.,  improvement  of  waterway  via i,  516 ;  iv,  3073 

Savannah,  Ga.,  to  Beaufort,  S.  C,  improvement  of  {$ee  Savannah  Har- 
bor)    1,221;  11,1291 

Savannah,  Ga.,  to  Fernandina,  Fla.,  improvement  of i,  230 ;  ii,  1318 

Superior  Lake  to  Keweenaw  Bay,  Mich.,  improvement  and  operating 

and  care 1,382,383;  m,2244 

Union  Lake,  Wash.,  improvement  of  waterway  via ^  516 ;  rv,  3073 

Washington  Lake  to  Puget  Sound,  improvement  of i,  516;  i v.  3073 

Waukegan  Harbor,  111.,  improvement  of ^3^*^  ui,2336 

fFeiier, Ifm.  ^.  (barge),  removal  of  wreck  of i|175;  n,  1173 

West  Bath,  Me.,  constraction  of  bridge  across  New  Meadows  River  at i,  535 

Western  Branch,  Elizabeth  River,  Va.,  improvement  of i,  195  •  n^  1225 

West  Fork  River,  W.Va., survey  of 1,878 

West  Galveston  Bay,  Tex.,  improvement  of  channel i,  2^ ;  11, 1507 

Westport  Harbor,  Conn.,  improvement  of 1,102,964 

Weymouth  River,  Mass.,  improvement  of 1,64,873 

Whatcom  County,  Wash.,  bridge  of i  534 

White  Lake  Harbor,  Mich.,  improvement  of i,  417 »  ly^ 2618 

White  River,  Ark. : 

Gauging  (fM  Mississippi  River) 1,901;  il,164S 

Improvement  of 1,304;  u,ie85 
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White  River,  Ind.,  improvement  of i,351;  in,  1984 

White  River,  Wash.  («ec  Dttwamifth  River) 1,525;  iv,3103 

Wickford  Harbor,  R.  I.,  improvement  of i,  79, 919 

Wicomico  River,  Md.,  improvement  of i>172;  u,  1166 

'Willamette  River,  Oreg. : 

Improvement  above  Portland i,  504;  iv,  3025 

I  111  provement  below  Portland i.  505 ;  i  v ,  3031 

Survey  opposite  Salem i,510;  iv,3051 

Willapa  River  and  Harbor,  Waah. : 

Improvement  of 1,511;  iv,  8058 

Survey  of  month  of  river i,523;  1Y,S088 

Willeta  Point,  N.Y.: 

Appropriations i,  7 

Battalion  of  Engineers 1,6,7,32,569 

Eugioeer  Depot 1,6,7,32,570 

Engineer  School..: 1,5,32,565 

Estimates 1,32 

Post  of 1,5,32,563 

Williumstown,  W.  Va.,  construction  of  bridge  across  Ohio  River  at i,  531 

Wilmington,  Cal. : 

Construction  of  deep-water  harbor  in  San  Pedro  Bay i,  470 ;  iv,  2929 

Improvement  of  inner  harbor  at i)^71;  iv,  2931 

Wilmington,  Del. : 

Improvement  of  harbor  at i,  151>;  ii,  1145 

Removal  of  wreck  in  Christiana  River i»175;  ii,  1172 

Wilmington,  N.  C: 

Defenses  of 1,24,693 

Improvement  of  Cape  Fear  River  above i,  210;  ii,  1253 

Improvement  of  Cape  Fear  River  at  and  below i,  210 ;  ii,  1255 

Wilmington  Lagoon,  Cal. : 

Constmction  of  bridge  at  San  Pedro  across  a  slough  of i,  535 

Improvement  of  harbor  at  Wilmington i,  471 ;  iv,  2931 

Wilmington  Railway  Briilge  Company,  bridges  of i,  537 

Wilson  Harbor,  N.  Y.,  improvement  of i,  463;  iv,2796 

Winnebago  Lake,  Wis.  («6«  Fox  River) i,397;  ni,2338 

Winnibigoshish  Lake,  Minn. : 

Operating  and  care  of  reservoir i,  318;  iii,  1816 

Reservoir  at 1,317;  in,  1812 

Winnipeg  (steamer),  removal  of  wreck  of i,  385 ;  in,  2287 

Winyah  Bay^  S.  C,  improvement  of ij214;  ii,  1272 

Wisconsin  River,  Wis.,  property  and  rights  of  United  States  as  to.,  i,  398;  in,  2353 

Wishka  River,  Wash.,  construction  of  bridge  across i,  538 

Withlacoocbee  River,  Fla. : 

Improvement  of i,  243;  ii,  1340 

Survey  of i,247;  n,  1363 

Wittsburg,  Ark.,  survey  of  St.  Francis  River  up  to i,  308;  n,  1678 

Wolf  River,  Wis. : 

Construction  of  bridge  at  Northi>ort 1, 534 

Improvement  of  («ec  Fox  River) 1,397;  ili,2338 

Woodbridge  Creek,  N.  J.,  removal  of  wreck  in  Arthur  Kill  near 1, 144, 1072 

Woodbury  Creek,  N.  J.,  rebuilding  dike  in  Delaware  River  at  {set  Cooper 

Creek) 1,154;  ii,  1100 

Woods  Hole  Channel,  Mass.,  improvement  of i,  73, 903 

Wrecks,  removal  of 1,34 

Arthur  Kill,  N.Y. and  N.J 1,144,1072 

Baltimore  Harbor,  Md 1,177;  n,  1181 

Bass  River  Light  Station,  Mass 1,84,932 

Block  Island  Sound,  R.  1.,  oS  Quonocontaug i,  84, 931 

Brunswick  Harbor,  Ga i,  231 ;  ii,  1321 

Cape  Cod,  near  Orleans,  Mass 1,69,883 

Cape  Henry  Light,  Va i,201;  n,  1235 

Chatham  Harbor,  Mass 1,69,883 

Chesapeake  Bay.  Md 1,175,201;  n,  1172, 1235 

Christiana  River,  Del i,l"5;  ii,  1172 

Columbia  River,  Oreg.,  below  Tongue  Point 1,507;  iv,  3039 

Darien  Harbor,  6a 1,231;  ii,  1320 

Davis  Strait,  Me 1,52,838 

Deer  Island  Thoroughfare,  Me 1,52,838 

Delaware  Bay  (schooner  Lottie  K.  Friend) i,  156 ;  ii,  1104 

Duluth  Harbor,  Minn i,385;  in, 2287 
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WreckSi  removal  of— Continued. 

£lUal>eTh  River,  Va.  (gteaiiier  Helen  Smith) 1, 201 ;  ii,  1234 

Elk  River,  Md i,175;  n,1173 

James  River,  Va.  (steamer  Wyanoke) i,200;  n,1234 

Key  West,  Fla.,  Man  of  War  Harbor i,245;  n,1343 

Killpond  Bar,  Mass i,  84, 932 

Little  Egg  Harbor  Inlet,  N.  J i,156;  ii,ll(H 

Man  of  War  Harbor,  Key  West,  Fla i,245;  ii,  1343 

Marthas  Vineyard,  Mass.,  Vineyard  Haven  Harbor i,  84, 931 

Maurice  River,  N.  J i,156;  ii,  1104 

Millbridge,Me i,  52, 838 

Mississippi  River 1,309,314;  m,  1687, 1733 

Monroe  Harbor, Mich i,452;  iv,2687 

Narraguagus  Bay,  Me i,  52, 838 

Newark  Bay,N.  J  i,  144, 10?2 

Newport  News.  Va.  (steamer  Wyanoke) i,  200;  ii,  1234 

Newtown  Creek,  N.  Y 1,124,1025 

New  York  Harbor,  N.  Y i,  124,128,144, 1025, 1041, 1042, 10?2 

Norfolk  Harbor,  Va.  (steamer  ^elfn/S^mitA) i,201;  ii,  1234 

Ocmulgee  River,  6a i,232;  ii,  1321 

Old  Harbor,  Chatham,  Mass i,  69, 883 

Orleans,  Mass 1,69,883 

Patapsco  River  at  Baltimore,  Md i,  177;  ii,1181 

Philadelphia, Pa.... i,  156;  ii,1104 

Pontohartrain  Lake,  La i,  281 ;  n,  1489 

Quonocontauff,  R.  1 1,84,931 

Raisin  River,  Mich.,  in  Monroe  Harbor 1*452;  it,  2687 

Schuylkill  River,  Pa i,156;  n,1104 

Smyrna  River,  Del i,  175;  ii,  1172 

Superior  Bay,  Minn i,385;  ni,2287 

Tongue  Point,  Columbia  River,  Oreg.,  below i,  507 ;  iv,  3(89 

Urbana  Creek,  Va i,  192;  n,122I 

Vineyard  Haven  Harbor,  Mass 1,84,931 

Vineyard  Sound,  Mass 1,83,84,931,983 

Wilmington,  Dei.,  Christiana  River 1,175;  n,ll72 

Wyatioke  (steamer),  removal  of  wreck  of i,  200 ;  ii,  1234 

Wyoming,  examination  of  reservoir  si  tes  in .  i,  469 ;  i v,  2815, 2917 

Y. 

Yalobusha  River,  Miss.,  construction  of  bridge  across,  in  Leflore  County. ..      i,532 

Yamhill  River,  Greg.,  improvement  of i,504;  iv,3025 

Yaquina  Bay,  Greg.,  improvement  of i,489;  iv,2972 

Yaquina  River,  Greg.,  examination  of i,  501 ;  iv,  2ii97 

Yazoo  and  MisMissippi  Valley  Railroad  Company,  bridge  of i,532 

Yazoo  River,  Miss. : 

Bridge  at  Greenwood,  construction- of i^.531 

Improvement  at  mouth,  including  Vicksburg  Harbor i,  297 ;  ii,  1625 

Improvement  of 1,296;  ii,  1619 

Yellow  Mill  Pond,  Bridgeport  Harbor,  Conn. : 

Construction  of  bridge  across i,533 

Improvement  of  (tM  Bridgeport  Harbor) i,  99. 961 

Yellowstone  River,  Mont,  and  N.  Dak.,  improvement  of i,  329 ;  iii,  1866 

Yonkers,  N.  Y.,  establishment  of  harbor  lines  in  Hudson  River  at i,  34, 1072 

York  River,  Va..  improvement  of i,  187;  ii,  1203 

Youghiogheny  6iver,  Pa.,  reconstruction  of  bridge  across,  between  McKees- 

port  and  Reynoldton i,535 

Youngs  Bay,  Greg.,  construction  of  bridge  across ^537 
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